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Abstract

Background Degenerative lumbosacral stenosis is a multifactorial condition with no consensus on optimal
therapeutic management. In mildly affected dogs, treatment often includes analgesics and non-steroidal anti-
inflammatory drugs, which may be insufficient for effective pain control. This study aimed to evaluate the efficacy of
amantadine in managing chronic neuropathic pain associated with this pathology in dogs, using ground reaction
forces (GRFs) analysis, including Peak Vertical Force (PVF), Vertical Impulse (VI), and stance time (ST), and to evaluate
whether the co-administration of amantadine improves the efficacy of meloxicam in patients who have shown a
refractory response to meloxicam alone.

Methods Client-owned dogs (> 12 months old, > 20 kg) with a confirmed diagnosis of degenerative lumbosacral
stenosis were enrolled in a randomized trial. Subjects were assigned to two treatment groups: Group A received
meloxicam (0.2 mg/kg PO SID loading dose, followed by 0.1 mg/kg SID for 6 days) plus amantadine (3 mg/kg PO SID
for 21 days); Group B received amantadine alone (3 mg/kg PO BID for 21 days). Gait analysis was performed using a
force platform at baseline (T0), after 7 days (T1), and after 21 days (T2).

Results Twenty dogs met the inclusion criteria and completed the study. At enrollment, the two groups (10 animals
each) were homogeneous. After 21 days, both groups showed significant increases in PVF%BW (p <0.0001) and
VI%BW (p=0.0064 in Group A; p=0.0023 in Group B). For VI%BW, Group A demonstrated a significant improvement
between TO and T1 (p=0.0120), and TO and T2 (p=0.0083), but not between T1 and T2 (p=0.4040). Group B

showed significant increases between TO and T2 (p=0.0012), and T1 and T2 (p=0.0034), but not between T0 and

T1 (p=0.7788). Regarding PVF%BW, both groups exhibited significant differences across all time points, showing
progressive improvement over time.

Conclusion The results suggest that amantadine, either alone or in combination with meloxicam, improves GRFs in
dogs with degenerative lumbosacral stenosis and, may be a valuable component of its multimodal therapy, though
additional research is necessary to validate these findings.
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Background

Degenerative lumbosacral stenosis (DLSS), also referred
to as cauda equina syndrome or lumbosacral compres-
sion, is an acquired multifactorial condition frequently
observed in dogs. This condition is notably common in
large male dogs [1], with certain breeds, such as German
Shepherds, military dogs, and working dogs appearing to
have a higher predisposition [2—6].

DLSS leads to chronic pain and neurological issues
due to the compression of the seventh lumbar (L7) nerve
roots, local blood vessels, and the cauda equina. Clinical
signs range from pain in the lumbosacral region and dif-
ficulty jumping or climbing stairs to different degrees of
neurological deficits, such as abnormal tail carriage, uni-
lateral or bilateral pelvic limb lameness, nerve root sign,
ataxia in hindlimbs, paraparesis, and, in severe cases, uri-
nary and faecal incontinence [1, 6-8].

The compression also leads to demyelination and
inflammation of nerve roots [9] and the pain resulting
from such pathology manifests as neuropathic pain since
it is caused by a lesion which leads to damage and dys-
function of the somatosensory system, in particular the
spinal cord and peripheral nerves [10, 11].

To date, there is no consensus regarding the treat-
ment modalities [12]. It has been suggested that manage-
ment of DLSS in mildly affected dogs without moderate
to severe neurological deficits should consist of using
analgesics and non-steroidal anti-inflammatory drugs
(NSAIDs) and lifestyle adjustments [13] such as strength-
ening the core muscles through physiotherapy [14].
According to veterinary literature, conservative treat-
ment has been effective in 55% of dogs treated, but in
32% of cases, clinical signs returned after discontinua-
tion [8]. Alternative treatments, such as epidural steroid
injections, have shown promising outcomes in a median
follow-up of 48 months [15]. Long-term use side effects
(e.g., duodenal ulcers, acute renal failure, increased
enzyme activities) reduce the safety usage of NSAIDs
[16]. In addition, neuropathic pain is often refractory to
traditional analgesic medications [9].

Surgical management of DLSS has been more exten-
sively reported, with clinical improvement identified in
67-97% of cases [1, 17-21] and may be indicated in dogs
that do not respond to conservative management [14].
Nevertheless, there is no evidence or objective evalua-
tion on which to base the decision to choose surgery over
conservative management [14].

Amantadine is an antiviral drug, dopamine agonist and
non-competitive N-methyl-D-aspartate (NMDA) recep-
tor antagonist. In human medicine, it was initially used
to treat influenza A encephalopathy; currently, due to

its anti-inflammatory, neurotrophic and dopaminergic
effects, it is used in the treatment of conditions such as
Parkinson’s disease, Huntington’s chorea and depres-
sion. It has also been shown to be effective in the treat-
ment of neuropathic pain [22]. Moreover, amantadine
may decrease central sensitization and opioid tolerance
in some patients and may enhance the effects of NSAIDs,
gabapentin and opioids [23]. Based on a pharmacokinetic
study performed in greyhound dogs, the suggested dos-
ing is 3-5 mg/kg Q12-h [23-26]. In veterinary medicine,
a single case report study reported the use of amantadine
for treating neuropathic pain in a dog [27]; in addition,
a randomized, placebo-controlled trial showed signifi-
cant improvement in pain scores related to osteoarthritis
for dogs which received amantadine in conjunction with
meloxicam compared to placebo [23]. To the Authors’
best knowledge, no study has been performed to evaluate
objectively the effectiveness of amantadine in a conserva-
tive treatment for neuropathic pain due to DLSS in dogs.
Our hypothesis was that amantadine might be a valid
treatment for neuropathic pain caused by DLSS and that
improvement could be observed during clinical evalu-
ation and objectively assessed through kinematic data
from the force platform.

Therefore, the aims of this clinical trial were to assess
the efficacy of amantadine alone within a therapeutic
protocol for managing neuropathic pain in dogs affected
by degenerative lumbosacral stenosis through the analy-
sis of ground reaction forces (GRFs), including Peak of
Vertical Force (PVF), Vertical Impulse (VI), and stance
time (ST) and to evaluate whether the co-administra-
tion of amantadine improves the efficacy of meloxicam
in patients who have shown a refractory response to
meloxicam alone.

Results

Twenty dogs met the inclusion criteria: 13 were male
(4 neutered), and 7 were female (5 sterilised). Ten dogs
were assigned to each group. None of the enrolled
dogs showed signs of clinically relevant pain in the two
weeks preceding the start of the study, as assessed by
the CMPS-SF following owner-reported signs of dis-
comfort. Consequently, all dogs which met the inclusion
criteria, completed the study. Table 1 shows the distri-
bution of the breeds and sex in each group. The mean
BW was 37.57+£11.42 kg and 31.68+7.37 kg for groups
A and B, respectively. The mean age was 9+ 3 years and
9+ 1.5 years for groups A and B, respectively. Normalized
kinetic variables were not normally distributed. At TO, no
statistical difference for GFRs and BW between the two
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Table 1 Distribution of study population for breed and sex. M=male, MN =male neuterd; F =female, FS=female sterilized
GROUP A GROUP B
BREED M MN F FS M MN F FS TOTAL
German Shepherd 1 1 1 1 1 5
Mix breed 3 4 2 9
Golden Retriever 1 1 2
Cane Corso ltaliano 1 1
Labrador Retriever 2 2
Irish Setter 1 1
Total 10 10 20
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Fig. 1 Box-and-whisker plot of peak vertical force, vertical impulse, and stance time across time points (T0, T1,T2) in groups A and B

groups was present. Fig. 1 shows GRFs values over time
controls.

In group A, Wilcoxon signed rank test between T0 and
T2 showed a statistically significant increase in VI%BW
(p-value =0.0064) and PVF%BW (p-value <0.0001).

For group B, the statistical comparison between TO
and T2 showed, like group A, a statistically significant
increase in VI%BW (p-value=0.0023) and PVF%BW
(p-value <0.0001). There was no statistically significant
increase in ST.

In both groups, the increase in VI%BW and
PVF%BW over time differed significantly in the groups
(p-value <0.0001). In group A for VI%BW, there was a
statistically significant difference between TO and T1
(p-value=0.0120), TO and T2 (p-value=0.0083), but
not between T1 and T2 (p-value =0.4040). For group B,
there was a statistically significant difference between
TO and T2 (p-value=0.0012), and between T1 and T2
(p-value =0.0034). Still, there was no statistically signifi-
cant difference between TO and T1 (p-value=0.7788).
Regarding PVF%BW, in group A, there was a sta-
tistically significant difference between TO and T1
(p-value=0.0172), TO and T2 (p-value=0.0003), and
between T1 and T2 (p-value=0.0026). In group B, there

Table 2 Pairwise comparisons of VI%BW and PVF%BW over time
in groups A and B

Variable Group TOvs.T1 TOvs. T2 T1vs. T2

VI%BW A p=0.0120 p=0.0083 p=0.4040
B p=0.7788 p=0.0012 p=0.0034

PVF9%BW A p=00172 p=0.0003 p=0.0026
B p=0.0161 p<0.0001 p=0.0001

was a statistically significant difference between TO and
T1 (p-value=0.0161), TO and T2 (p-value<0.0001) and
between T1 and T2 (p-value=0.0001). Table 2 shows the
results.

The achieved statistical power for PVF was 0.89, indi-
cating a high likelihood of detecting a true effect. For VI,
the power reached 0.72, suggesting a moderate prob-
ability of identifying significant differences. In contrast,
the power for ST was lower at 0.47, reflecting a reduced
ability to detect subtle changes over time in this variable.
These results reflect the variability and magnitude of
observed differences between groups across time points,
with stronger effects seen in PVF and VI compared to ST.
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Discussion

In this clinical trial, we aimed to assess the efficacy of
amantadine within a therapeutic protocol for managing
neuropathic pain in dogs affected by degenerative lum-
bosacral stenosis through the analysis of ground reaction
forces (GRFs), including Peak of Vertical Force (PVEF),
Vertical Impulse (VI), and stance time (ST). Results from
our study supported our hypothesis that amantadine
might be a valid treatment for neuropathic pain caused
by DLSS.

The mechanism of action of amantadine is rather
unique compared to other N-methyl-D-aspartate recep-
tor antagonists. Instead of blocking ion channels, aman-
tadine acts as an antagonist of particular gates. Studies
reveal that amantadine’s main mechanism is related to
the acceleration of ion channel closure, and its interac-
tions with the receptor make it particularly effective in
inhibiting NMDA responses during the prolonged depo-
larisations that accompany neurological insults, as occurs
in chronic pain [23, 28].

Our study population is aligned with those previously
reported in the literature regarding age and sex predis-
position, with our sample mainly consisting of adult dogs
(mean age of 9+3 years and 9+ 1.5 years) with the male
dogs overrepresented (14/20) [2, 14]. We observed that
the largest proportion of dogs were large mix-breeds (9
out 20), followed by German Shepherd (5 out 20). Such a
proportion is justified by the higher prevalence of mixed-
breed dogs in our geographical area. The enrolled mixed-
breed dogs were nonetheless large-sized, mesomorphic,
meaning they had a thoracic index (thoracic width x 100
/ thoracic depth) ranging from 60 to 89 [29] and exhib-
ited physical traits resembling those of Labrador Retriev-
ers or shepherd-type dogs. In German Sheperd dogs has
been described a more sagittal orientation of the articular
process joints at L5-6 and L6-7 and a larger angle differ-
ence (tropism) between lumbar and LS articular process
joints than in other dog breeds [30].

Force-plate analysis has been used in several studies as
a method to objectively compare the clinical outcome of
different surgical techniques, medications and nutraceu-
ticals [31, 32]. In addition, since the enrolled dogs were all
mesomorphic, the comparison between GRFs could be
considered reliable [33]. At TO0, there were no statistically
significant difference between the GRFs of Group A and
Group B meaning that at TO, the groups were considered
homogeneous. Despite the possibility of different imaging
findings between the enrolled dogs, it has been reported
a poor association between clinical signs, pathology, and
imaging findings. Therefore, some patients conservatively
treated could show clinical improvement even in the case
of persistent compression [34—36]. Regarding the GRFs,
PVF and VI are considered reliable indexes to objectively
evaluate the limbs’ function: PVF, the maximum force
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exerted perpendicularly to the recording surface dur-
ing the stance phase, usually decreases due to lameness,
meaning less weight bearing and duration on the limping
limb. Consequently, VI, which is calculated as the area
under the vertical force curve using time, decreases in
lame dogs. Both groups had a statistically significant dif-
ference between TO and T2. In particular, in group A, we
detected a statistically significant difference in values of
PVF%BW between T0-T1, TO-T2 and T1-T2. Not in the
same way, we detected a statistically significant difference
for the values of VI%BW only between T0-T1 and TO-T2.
Hence, a major improvement in VI%BW was registered
after 7 days of treatment. In our opinion, the absence of
statistical difference between T1-T2, could be explained
by a terminal half-life of oral amantadine in dogs, which
is 4.96 h (4.11-6.59 h) [25], therefore even if there was
no longer an increase, amantadine helped those dogs
to maintain the same values. Interestingly, PVF%BW
increased over time, meaning there was an increase
in the exerted force on the limbs. Similarly, in group B,
there was a statistical difference between PVF%BW at TO
-T1, T0-T2 and T1-T2, showing an increase in pressure,
not associated with a statistically significant increase
of VI%BW between TO and T1. Since the consistency
among the time to maximum concentration in humans
and dogs [37-39], we hypothesized that the steady-state
level of amantadine reported to be reached in 4-7 days
of treatment in humans [40], could be assumed as the
same in dogs. Therefore, dogs showed an increase in
the perpendicular force exerted (PVF) after seven days.
In addition, in our opinion, amantadine could enhance
the efficacy of the meloxicam acting on other recep-
tors. Since the enrolled canine patients did not exhibit
severe degrees of lameness, given the etiopathogen-
esis of the condition—which, in the most severe cases,
leads to limb dragging—the ST value never varied sta-
tistically. Although no statistically significant changes in
stance time (ST) were observed across the study period,
the concurrent increases in both PVF and VI suggest
an improvement in limb loading without alterations in
temporal gait parameters. This pattern indicates that the
treated dogs were able to generate higher vertical forces
over a similar contact time, reflecting more effective use
of the affected limb. The lack of significant variation in
ST may be attributed to the absence of severe claudica-
tion and to the fact that improvements in limb function
were expressed primarily through increased force out-
put rather than modifications in limb contact duration.
These findings are consistent with previous studies where
therapeutic response in dogs with mild to moderate
orthopedic or neurologic conditions was predominantly
associated with PVF and VI changes, rather than ST
adjustments [41, 42].
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As with any kinetic gait analysis, our methodology
is subject to both environmental and subject-related
sources of variability, which must be considered when
interpreting the results. In our study, steps were taken to
mitigate these factors—particularly by allowing each dog
to explore and become familiar with the testing area and
equipment prior to data collection. This acclimatization
process aimed to reduce inconsistencies that can arise
from stress or unfamiliarity, which are known to influ-
ence parameters such as stance time and vertical impulse
[43].

Handler influence, while often considered a possible
source of error, contributes only minimally to kinetic
variability—typically between 0% and 7% [44]. Neverthe-
less, to minimize even this limited variability, each dog
in our study, consistently with literature [45], was always
led by the same owner, who had received standard-
ized instructions from the clinical team regarding trial
conduction.

In contrast, variability attributable to the individ-
ual dog is much greater, ranging from 14 to 69%, and
is particularly impactful on peak vertical force values.
Similarly, trial repetition introduces a high degree of vari-
ability, from 29 to 85% [44]. These data underscore the
importance of strict control over testing conditions and
repeated measures.

Gait velocity is another critical factor that influences
kinetic outputs. In this study, each subject was evalu-
ated consistently at walk. Maintaining a narrow range of
speed is essential for ensuring data comparability across
trials and subjects [46-48].

Overall, while some level of variability in force plate
analysis is inevitable, careful methodological planning—
including environmental familiarization, consistent han-
dling, trial standardization, and velocity control—can
substantially improve the reliability and interpretability
of kinetic gait data.

The post hoc power analysis provided important con-
text for interpreting the observed statistical results. The
achieved power was high PVF (0.89), indicating that the
study was well-powered to detect changes in this vari-
able over time and between treatment groups. Similarly,
the power for Vertical Impulse VI was acceptable (0.72),
supporting confidence in the detected effects, although
with a slightly increased risk of type II error. In contrast,
the lower power observed for ST (0.47) suggests that the
study may have been underpowered to detect meaning-
ful differences in this parameter, potentially explaining
the lack of significant findings. These results highlight the
greater sensitivity of PVF and VI as outcome measures in
the assessment of therapeutic efficacy in dogs with DLSS,
and suggest that ST may be less responsive to change or
more affected by measurement variability in this context.
Future studies with larger sample sizes may be needed to
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clarify the role of stance time as a reliable kinetic marker.
In addition to the objective gait analysis, owner-reported
behavioral assessments were collected using the Canine
Brief Pain Inventory (CBPI) at all study time points.
Although the CBPI is validated for chronic pain assess-
ment in dogs, it has not been specifically standardized
for use in dogs with degenerative lumbosacral stenosis
(DLSS). As such, these data were not included in the pri-
mary analysis. However, they are provided as supplemen-
tary material to support the interpretation of force plate
data and to offer additional clinical context regarding the
animals’ perceived pain and functional status.

Conclusion

In conclusion, based on the data collected in our study,
amantadine could be considered a useful drug in the
multimodal management of neuropathic pain associated
with degenerative lumbosacral stenosis in dogs. From a
cost-effectiveness perspective, amantadine represents
a low-cost and accessible adjunct therapy for managing
chronic pain in dogs with DLSS, particularly those unre-
sponsive to NSAIDs alone. While surgical intervention
remains the treatment of choice for severe or progressive
cases [6, 8, 49], it involves significantly higher costs and
greater risks. In contrast, amantadine may enhance anal-
gesic efficacy in refractory patients and potentially delay
or reduce the need for surgery in selected cases. Given its
favorable cost profile and ease of administration, amanta-
dine offers a valuable therapeutic option within a multi-
modal conservative approach, especially for patients who
are not ideal surgical candidates due to age, comorbidi-
ties, or owner limitations. This study has two main limi-
tations. First, the absence of a meloxicam-only control
group limited the possibility of directly comparing the
experimental treatments to standard NSAID therapy.
However, the study specifically targeted dogs that were
non-responsive to meloxicam, with the aim of evaluating
alternative therapeutic strategies in this refractory popu-
lation. Second, the sample size was relatively small, partly
due to the implementation of new European regulations
during the study period, which restricted the veterinary
use of the molecule under investigation and consequently
limited recruitment. Further studies are needed to con-
firm these findings on a larger scale.

Methods

For this randomized study, the protocols and procedures
were reviewed and approved by the Ethical Animal Care
and Use Committee of the University of Naples “Federico
II” (prot. No. PG/2023/0059191 of 22/05/2023). All pro-
cedures were performed for diagnostic and therapeutic
purposes and following the European directive 2010/63/
EU. Besides these procedures were carried out after
informing the owners and getting their verbal consent.
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The study was conducted at the Veterinary Teaching
Hospital of the University of Naples “Federico II". Client-
owned dogs over 1 year old and 20 kg of body weight with
a diagnosis of DLSS were included in the study. Inclusion
criteria were the diagnosis of DLSS and not responsive-
ness to NSAIDs alone. The diagnosis was based on the
clinical history, neurologic examination, magnetic reso-
nance imaging (MRI), or computed tomography (CT)
studies. Reports were issued by board-certified specialists
in Diagnostic Imaging and/or Neurology. Imaging find-
ings included evidence of nerve root compression (uni-
or bilateral) and/or intervertebral disc protrusion at the
lumbosacral junction (L7-S1) [6, 50, 51]. Specific imag-
ing criteria included narrowing/stenosis of lumbosacral
intervertebral foramen with displacement or compres-
sion of the cauda equina or L7 nerve roots [52], and disc
protrusion with or without associated spondylosis defor-
mans [1, 53]. These findings had to correlate with the
neurological deficits and clinical signs observed on physi-
cal and neurological examination to confirm diagnosis.

To establish non-responsiveness to meloxicam, only
dogs that had previously received meloxicam at 0.1 mg/
kg once daily for at least 14 consecutive days were con-
sidered for inclusion. Selection was based on persistent
clinical signs of pain and dysfunction, as reported by the
owners and confirmed during neurologic evaluation.
Dogs showing satisfactory clinical improvement with
meloxicam were excluded.

After this initial treatment period, a 14-day washout
period was observed to eliminate any residual effects of
the NSAID. Only at the end of this washout, and in the
continued presence of clinical signs, dogs were con-
sidered non-responsive and included in the study. The
baseline time point (T0) was defined as the moment
immediately prior to the start of the experimental treat-
ment, following the complete washout.

Data from the meloxicam treatment phase were not
analyzed, as the aim of the study was to evaluate alterna-
tive therapeutic strategies in dogs refractory to standard
NSAID monotherapy. For this reason, a meloxicam-only
control group was not included.

Exclusion criteria were concomitant orthopaedic issues
(i.e., moderate to severe hip dysplasia, recent history of
fractures, trauma), neoplastic conditions or systemic dis-
ease with an inflammatory component, and pregnancy.
Dogs with transitional lumbosacral vertebrae were also
excluded in order to create a homogeneous anatomi-
cal patient group. Neurological examinations were per-
formed by two investigators (CC and GF). Data from
medical records included age, breed, weight, sex, neu-
ter status, and duration of clinical signs. Moreover, each
patient underwent a complete blood count, serum bio-
chemistry and cardiologic evaluation to rule out concur-
rent disease that can mimic DLSS related pain or occult
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systemic disease. Before the commencement of our study,
a two-week withdrawal period was required for NSAIDs
and short-acting glucocorticoids and one month for long-
acting oral or parental glucocorticoids and other painkill-
ers. No other treatments for control pain were proposed,
executed or accepted concurrently. The dogs were
allowed to perform everyday physical activity but no
physiotherapy. If owners reported signs of pain in the two
weeks preceding the start of the study, the Glasgow Com-
posite Measure Pain Scale [54] (CMPS-SF) was applied to
assess clinical relevance. In case of clinically relevant pain
(CMPS-SF=>6/24), rescue analgesia was provided with
gabapentin (10 mg/kg PO TID) or tramadol (3-5 mg/
kg PO BID-TID). If gabapentin or tramadol were not
sufficient or contraindicated, methadone (0.2 mg/kg IM
q6-8 h as needed) was administered as an alternative.
Dogs that required more than two consecutive days of
rescue analgesia were excluded from baseline data col-
lection and re-evaluated before inclusion. In addition
to kinetic data, owner-reported behavioral assessments
were collected using the Canine Brief Pain Inventory
(CBPI) [55, 56]. The CBPI was administered at each
evaluation time point (TO, T1, T2) to all enrolled dog
owners. Although this tool is validated for chronic pain
assessment in dogs, it has not been specifically standard-
ized for degenerative lumbosacral stenosis (DLSS), and
was therefore used as a complementary measure to sup-
port the interpretation of the objective findings. Detailed
CBPI results are reported in the Supplementary Material.

Force plate gait analysis

Force plate gait analysis was performed using a com-
puter-assisted force platform gait analysis (PASCO Cap-
stone software version 2.2.2) before starting the study
(T0) and at 7 days (T1) and 21 days (T2) of treatment in
order to objectively evaluate the grade of lameness and
the ground reaction forces (GRFs). Body weight (BW)
was recorded at each time point. A 40 x40 cm platform
(PASPORT Force Platform, PS-2141, PASCO scientific,
California, USA) was placed in a 4 m walkway to record
GRFs. Before data collection, dogs were let walk freely
across the walkway for at least 15 min to familiarize
themselves with the environment and the operators [57].
Each trial was considered valid when the pelvic limb and
the thoracic limb fully struck at the same time the sur-
face of the plate. The dogs were walked over the pressure
plate until five valid trials were achieved. The dog’s veloc-
ity was registered with a dedicated detector (Motion Sen-
sor II, CI-6742, PASCO scientific, California, USA), and
only trials with a velocity of 1-1.3 m/s were accepted.
Dogs were walked in both directions with a standardised
starting position [58]. The computer analysis system gen-
erated the force-to-time curve. Registered kinetic GFRs
were collected for both pelvic limbs, including the peak
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of vertical force (PVF) and impulse (VI) and stance time
(ST). PVF was defined as the maximum force exerted
perpendicular to the surface during the stance phase,
while VI was the calculated area under the vertical force
curve. As previously described, the GRFs parameters
were normalised to body weight (PVF%BW, VI%BW)
[59].

Treatment

Dogs enrolled were randomly assigned to two groups
using online randomization tool (https://www.rando
mizer.org). The list was prepared by an investigator not
involved in patient evaluation or data analysis to ensure
allocation concealment. Each enrolled dog was assigned a
code number, and treatment allocation followed the pre-
generated sequence. Group A received a combination of
meloxicam for 7 days (0.1 mg/kg PO q24h after a loading
dose of 0.2 mg/kg OS) and amantadine for 21 days (3 mg/
kg PO q24h), Group B received amantadine only, for 21
days (3 mg/kg PO ql12h). Clinical re-examinations and
force gait plate analysis were performed at days 7 (T1)
and 21 (T2). The individual responsible for analyzing the
ground reaction forces was blinded to the treatment each
patient received. This information was disclosed only
after the statistical analysis had been completed. In con-
trast, the two operators who performed the neurologi-
cal evaluations were aware of the randomized treatment
assignments.

Statistical analysis

The data were imported into an electronic spreadsheet
(Microsoft Excel version 16.95.1, Microsoft Corporation,
Redmond, WA, USA) and analyzed using commercial
statistical software (GraphPad Prism version 10.0.0 for
macOS, GraphPad Software, Boston, MA, USA, www.
graphpad.com). Descriptive statistics for body weight,
age (in years), status (entire, neutered, castrated), were
expressed as mean *standard deviation. Data distribu-
tion for the normalized kinetic variables (PVF%BW_TO;
PVF%BW_T1; PVF%BW_T2; VI%BW_T0; VI%BW_T1;
VI%BW_T2; ST_TO; ST_T1; ST_T2;) was analyzed with
Kolmogorov-Smirnov test. Furthermore, given the lim-
ited sample size, non-parametric tests were selected.

The Mann-Whitney U-test was used to examine the
differences between groups A and B at time T0. This was
done to assess whether randomization had effectively
divided the dogs into two homogeneous groups in terms
of PVF%BW, VI%BW, ST, and body weight (W).

To determine whether each of the two therapies had an
effect on pain control, a two-tailed Wilcoxon matched-
pairs signed rank test was used to examine differences
between pre- and post-treatment values (at baseline
TO and T2). Finally, to compare the differences within
each therapy among the different controls, Friedman’s
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ANOVA test for related samples was used to measure the
significance of the GRF increase from TO to T2 for both
groups. The Fisher LSD test was used as a post-hoc test.

The level of statistical significance was set at p <0.05.

Each dog contributed two pelvic limbs to the kinetic
analysis; thus, the total number of limbs analyzed was 40
(20 limbs per group). Each limb was considered an inde-
pendent statistical unit, consistent with previously vali-
dated approaches in quadrupedal gait analysis.

A post hoc power analysis was performed using
G*Power software (version 3.1) to assess the sensitivity
of the study to detect meaningful changes over time. The
calculation was based on repeated-measures ANOVA
within-between interaction. The analysis assumed a
nonsphericity correction factor (g) of 0.6, a correlation
among repeated measures of 0.6, an alpha level of 0.05,
and a total sample size of 40 limbs.

Effect sizes (Cohen’s f) were estimated for each kinetic
variable based on observed group trends and variabil-
ity. For Peak Vertical Force (PVF), a medium effect size
(f=0.25) was adopted, reflecting a clear divergence between
groups at T2. For Vertical Impulse (VI), the difference
between groups was more modest, supporting a smaller
effect size (f=0.20). For Stance Time (ST), where minimal
variation and overlapping values were observed across all
time points, a small effect size (f=0.15) was assumed.

Abbreviations

NSAIDs Non-steroidal anti-inflammatory drugs
DLSS Degenerative lumbosacral stenosis
GRFs Ground reaction forces

PVF Peak of vertical force
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ST Stance time
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NMDA N-methyl-D-aspartate

BW Body weight

MRI Magnetic resonance imaging

cT Computed tomography

CMPS-SF Composite measure pain scale- short form
CBPI Canine brief pain inventory
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