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Abstract
Background: literature is lacking data concerning the prognosis in cat suffering from acute
thoracolumbar spinal cord lesions on �eld condition either with or without physiotherapy treatment. We
investigated the role of intensive physical rehabilitation training in cats suffering from acute
thoracolumbar (TL) spinal cord injury and compared their outcome to the presence/absence of pelvic
limb pain perception (PP) under �eld conditions. A further aim was the evaluation of the outcome of cats
under intensive physiotherapy when compared to a control group.

Methods: Retrospective study. The medical records of 29 feline patients with acute TL spinal cord injury,
with and without PP, selected for intensive rehabilitation treatment were reviewed. Those cats that
satis�ed the same criteria, but performed at home physiotherapy exercises with the owner, were enrolled
as control group.

Results: 7 cats had pelvic limb PP, which resulted signi�cantly associated with functional recovery of
voluntary locomotion (p=0.01) and voluntary micturition (p= 0.00006). Twenty-two cats (76%) had the
absence of pelvic limb PP and the acquisition of spinal walking (SW) was achieved in ten cats (45%).
None of these patients regained a voluntary micturition at the end of the treatment. The presence of the
crossed extensor re�ex on admission was signi�cantly associated with the acquisition of SW (p= 0.008).
At 15 days, improvement in assisted walking/UWTM was found to be signi�cantly associated with higher
possibility to achieve SW at the end of the treatment (p=0.04). The control group included seven cats.
None of the cats had regained voluntary micturition or ambulatory condition.  Comparing to the control
group, the intensive rehabilitation program was signi�cantly associated with a higher possibility to regain
functional locomotion (p= 0.005). Recovery of voluntary micturition did not show signi�cant differences
among the control group and the cats that underwent physical therapy.

Conclusions: cats with severe acute TL lesion recovery can bene�t from physiotherapy and, also in case
of loss of PP, the acquisition of SW is possible under �eld condition. 

Background
The use of physical therapy in veterinary medicine is gradually increasing in the last decade and several
studies described its role in the outcome of dogs with thoracolumbar (TL) intervertebral disk herniation
(IVDH) [1-6]. In cats, many studies were performed under experimental conditions and showed the
usefulness of treadmill activity in promoting recovery of motor function in cats after incomplete and
complete spinal cord lesions [7-9].

Rehabilitation seems to have the best bene�cial role in dogs with a functionally complete spinal cord
lesion and highlights the possibility to achieve an involuntary re�ex gait, commonly described as spinal
walking (SW) [5]. The acquisition of SW is made possible by dynamic interactions between the pelvic
limb central pattern generator (CPG) and proprioceptive feedback from the body in absence of a superior
control by the brain after a complete spinal cord (SC) lesion [10,11].  
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To the author’s knowledge, veterinary literature is lacking data related to the role of rehabilitation in TL
cats in �eld conditions. This study aimed to retrospectively investigate the results of an intensive physical
rehabilitation treatment in cats suffering from acute TL spinal cord injury and compare their outcome to
the presence/absence of pelvic limb pain perception (PP) under �eld conditions. Further aim was the
evaluation of the outcome of cats under intensive physiotherapy treatment when compared to a control
group.

Methods
A retrospective study was conducted on feline patients with acute TL spinal cord injury referred to the
Physiotherapy and Rehabilitation Centre “Dog Fitness” (Reggio Emilia, Italy) between 2006 and 2017.
Cats were considered eligible for the study if they satis�ed the following 3 criteria:

1. Presence of complete clinical records including physical examination data and neurological status,
assessed by neurological examination performed at admission and at the end of the treatment. 

2. Diagnosis of acute TL spinal cord lesion, con�rmed by survey radiography of the spine (in case of
external trauma) or Advanced Imaging Techniques (Magnetic Resonance Imaging or Computed
Tomography)

3. Availability of data regarding the physiotherapy protocol performed. 

Cats with spinal cord acute injury between C1-T2 or caudal to L3, feline patients with chronic spinal cord
damage and cats without adequate information were excluded from the study. 

Cats that satis�ed only criteria 1 and 2, but performed at home physiotherapy exercises with the owner,
were enrolled in the study as control group. In the control group, data regarding further improvement were
collected through recorded follow-up neurological consultations or interviewing the owners by phone at
the time of this study. Cats without a minimum of a 3-month follow-up were excluded. 

The rehabilitation program was established and personalized by the physiotherapist for each patient and
included the following basic categories of exercises: passive range of motion (ROM) exercises, �exor
re�ex and crossed extensor re�ex stimulation, active-assisted exercises and hydrotherapy with Under
Water Treadmill (UWTM). Cats underwent 45-60 minutes of physiotherapy treatment, twice daily, seven
days per week regardless of their status of hospitalization. Cats reluctant to be trained in UWTM because
afraid of water, in 4 days became increasingly con�dent through the exposition to a minimum water level,
slowly progressively increased to reach the height of the cat’s greater trochanter, considered the optimal
water level by the physiotherapist. 

The overall rehabilitation duration was established for each cat according to the
physiotherapist’s decision on whether to continue or stop the treatment based on the patient’s
improvement of the neurological condition.
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For each cat enrolled, speci�c parameters were evaluated at the time of admission and at days 15 and, if
still included in the study, at days 45, 90. They included: breed, sex, age, Body Condition Score (BCS),
clinical presentation, type of lesion, pain perception, voluntary micturition, presence of surgery,
hospitalization during the treatment, time between onset of signs and the start of rehabilitation, duration
of physical therapy. 

The study population was divided in two groups according to the presence or absence of PP (PP group
and NoPP Group respectively). PP was assessed applying heavy forceps pressure to the pelvic limb
digits. The lack of patient’s conscious response (e.g. turning in the direction of the applied stimulus or
similar reactions) was interpreted as absence of PP. Paraplegic TL cats without PP, at the admission and
during the whole treatment, were further classi�ed in two sub-groups based on the acquisition of an
autonomous re�ex gait: the spinal walking group (SW-group) and no spinal walking group (No SW-
group). Feline patients were de�ned as Spinal Walker if they could walk for a potentially infinite period of
time and, in case of falling, they were able to regain unassisted standing posture and continue to walk
[5]. 

Statistics

Statistical analysis was conducted using commercial software for scienti�c data analysis (Past®,
version 3.17). Shapiro-Wilk test was used to verify the normal data distribution and Chi-square test to
analyze parametric and non-parametric variables. P-value <0.05 was considered to be statically
signi�cant.  

To identify potential variables associated to the recovery of motor function, the following parameters
were considered for each patient at 15, 45, 90 days of follow up: breed, sex, age, BCS, clinical
presentation, type of lesion, voluntary micturition, presence of surgery, hospitalization during the
treatment, time between onset of signs and the start of rehabilitation, duration of physical therapy and
maintenance of PP. 

To investigate potential factors related to the possibility of achieving SW, within the NoPP group the
presence or absence of crossed extensor re�ex was evaluated. 

Finally, to evaluate the potential role of an intensive rehabilitation program, the outcome of population
study and cats of the control group were compared.  

Results
Medical records of sixty cats admitted to the physiotherapy center with a spinal cord injury were
retrospectively reviewed. Twenty-nine cats met the inclusion criteria and were enrolled in the study (Fig 1).
Seven cats were included in the control group.

Data regarding signalment, type of lesion, neurologic signs, delay in the onset of physiotherapy and
duration of the rehabilitation program are detailed in Table 1. 
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All patients received physical therapy for a minimum of 15 days. Follow-up data obtained from recorded
neurological examinations at 45 and 90 days were available for 19 (66%) and 8 (27%) cats, respectively
(Tab.2).

PP Group

Seven cats (24%) had pelvic limb PP at the time of presentation and during the whole treatment. All of
them recovered motor function at the end of the rehabilitation program (100%). Pelvic limb PP was
signi�cantly associated with functional recovery of voluntary locomotion (p=0.01) and voluntary
micturition (p= 0.00006). 

At the time of the �rst examination, �ve cats (71%) showed a non-ambulatory paraparesis while the other
two (29%) had ambulatory paraparesis. Micturition dysfunction affected three cats (43%) and, at the end
of the treatment, two of them (67%) recovered voluntary micturition. 

Spinal trauma was reported in �ve patients (71%) while the other two cats were affected by disc
herniation (29%). Two cats (29%) had full-time hospitalization. Surgery, aimed to the stabilization of the
spine after the trauma, was performed in two cases (29%). The time between the onset of clinical signs
and the beginning of rehabilitation ranged from 3 to 271 days with a median of 44 days. The median
duration of physiotherapy treatment was 58 days (range 19-206) (Tab.3). 

NoPP Group

Twenty-two cats (76%) had absence of pelvic limb PP at the time of initial presentation and during the
whole treatment. On admission, all patients were paraplegic and, at that time, eight cats (36%) already
showed the presence of some involuntary movements.   Incompetent bladder was present in all cats and
partial re�ex bladder emptying was reported in three of them (14%). At the end of rehabilitation treatment,
the acquisition of autonomous spinal locomotion (SW) was achieved in ten cats (45%), while none of the
patients regained a voluntary micturition. 

Sixteen cats (73%) were affected by spinal trauma (vertebral fracture/luxation). Three cats (14%) had an
acute disc herniation and three (14%) a contusive/hemorrhagic lesion of the spinal cord.  Fifteen patients
(68%) were hospitalized and surgery, aimed to stabilization of the spine, was performed in eight cats
(36%). Delay in the onset of physical therapy ranged from 5 to 900 days and the median value was 20
days. The median duration of the rehabilitation program was 46 days (range 15-302 days). Crossed
extensor re�ex was observed in sixteen cats (73%) soon after the beginning of the physiotherapy. 

Clinical and follow-up data of the NoPP-group cats, expressed according to the acquisition/no acquisition
of SW, are detailed in Tables 4 and 5, respectively. 

No SW cats



Page 6/13

At the end of the rehabilitation program, of the 22 cats of the NoPP group, twelve (55%) did not develop
an autonomous spinal locomotion. On admission, crossed extensor re�ex was observed in 6 cats (50%).
Detailed data are shown in tables 4 and 5.   

SW cats

At the end of the treatment, of the 22 cats of the NoPP group, ten cats (45%) developed autonomous
spinal locomotion (SW).  (tables 4 and 5). 

At 15 days, three cats achieved SW and were discharged. At 45 days, �ve further cats achieved
autonomous spinal locomotion. Five cats underwent physical therapy for 90 days and three of them
(60%) acquired autonomous spinal locomotion at the end of the rehabilitation period. 

On admission, crossed extensor re�ex was observed in eight cats (80%) and resulted signi�cantly
associated with the acquisition of SW (p= 0.008). 

Improvement in assisted walking/UWTM was found to be signi�cantly associated with higher possibility
to achieve SW at the end of the treatment (p=0.04).

There was no signi�cant association between the duration of the rehabilitation program and the
acquisition of SW. 

Breed, sex, age, BCS, type of lesion, full-time hospitalization, surgical treatment and presence of voluntary
micturition at the time of presentation were not found to be correlated with the acquisition of SW. 

Control Group

The control group included seven cats. Absence of pelvic limb PP was observed in four patients (57%).
Four cats (57%) were affected by spinal trauma, while disc herniation and contusive/hemorrhagic lesions
were reported, respectively, in one (14%) and two (29%) cats. At the time of presentation, six patients
(86%) were paraplegic whilst another one (14%) showed non-ambulatory paraparesis. Incompetent
bladder was reported in six cats (86%). None of the cats regained voluntary micturition or ambulatory
condition after at home exercises. 

When comparing cats that underwent the rehabilitation program and the control group, accomplishment
of an intensive rehabilitation program was signi�cantly associated with a higher possibility to regain
functional locomotion (p= 0.005). Recovery of voluntary micturition did not show signi�cant differences
among the control group and the cats that underwent physical therapy. 

Discussion
Physiotherapy is increasingly considered a part of crucial importance of the treatment of dogs with SC
injuries and is nowadays increasingly performed also in cats. 
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To the best authors’ knowledge, this is the �rst �eld study describing the physiotherapy treatment in cats
suffering from not experimentally induced acute SC injury. 

In accordance with what is reported for dogs under �eld conditions, our result found a positive
association between maintenance of pelvic limbs PP and functional recovery of voluntary locomotion
and micturition in the study population [12,13]. Elicit of PP in pelvic limbs can be considered a clinical
indicator of the residual integrity of the spinal cord and, according to feline literature, its presence can be
associated with a better outcome than its absence [14]. 

Literature data are the result of experimental studies showing that for incomplete spinal cord injuries
(SCI) a positive outcome was associated with training regimens involving  partial weight-bearing activity,
started within a critical period of 1–2 weeks after SCI and maintained for at least 8 weeks [9]. Our cat
population, for obvious reasons, started physiotherapy in a much wider range of time after injury and, the
time between the onset of neurological signs and the beginning of the physiotherapy did not in�uence the
outcome. This observation should be considered cautiously due to the limited number of patients.

None of the cats with PP in the control group regained the ability to walk and, when comparing the cats
(PP group and NoPP group) that underwent intensive physiotherapy treatment and the control group,
completion of an intensive rehabilitation program was signi�cantly associated with a higher possibility to
regain functional locomotion. 

The recovery of voluntary micturition did not show signi�cant differences among the control group and
the cats that underwent physiotherapy (PP group and NoPP group). Unfortunately, the limited number of
cases in the control group prevents to draw relevant conclusions.

At the end of the physiotherapy treatment, ten cats (45%) without PP developed SW. Despite the popular
opinion that a poor prognosis is associated with the absence of PP, many studies reported the possibility
of achievement of a spinal involuntary re�ex gait  and some authors described this type of locomotion
also under �eld condition in dogs [5,12]. To the authors’ knowledge, SW was described in cats only in
experimental contexts and our data showed the acquisition of SW in almost half of the study population
under natural conditions. Noticeably, all these cats belonged to the group that underwent intensive
physiotherapy. 

 

Crossed extensor re�ex was associated with acquisition of SW and relevant improvement observed in
assisted walking/UWTM during the �rst 15 days was found to be associated with a higher possibility to
achieve SW at the end of the treatment. Such information might be helpful for the physiotherapist and
the neurologist in the early identi�cation of potential candidates in developing SW, avoiding waste of
time, money and useless hopes for the owner. Prospective studies are necessary to further investigate
and con�rm these preliminary observations. 
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Most cats were presented with dramatic ambulatory de�cits and no association was found between
clinical presentation and �nal outcome. Considering that in the control group, characterized by the
absence of an intensive physiotherapy treatment, none of the patients recovered motor function, we can
cautiously hypothesize that physiotherapy could represent an effective tool in improving outcome,
independently from the severity of neurological signs. Physiotherapy could play an important role in
supporting the restoration of motor function, modeling and promoting the so-called "plasticity" of the
spinal cord [15]. In an experimental scenario, several studies that had a control group of cats not
undergoing treadmill training following the injury, demonstrated how the exercise produced better
recovery in terms of maximum speed and number of steps taken on the treadmill [7,8], greater articular
excursion and more symmetrical gait [8,16]. 

 

In accordance with the literature, the most frequent spinal disorder reported in our population was a
traumatic external injury. Disk disease, one of the most represented causes of acute SCI in dogs, is much
less common in cats [17,18], possibly due to the minor degree of feline disc degeneration [19].

In this study, 42% of cats that underwent a physiatry examination, did not receive intensive physical
therapy because of the owner’s rejection, possibly due to the perceived di�culties in managing feline
patients that may not cooperate as dogs do, especially in hydrotherapy sessions [20]. All cats underwent
physiotherapy without too many di�culties because different protocols were established according to the
cat’s behavior. Only docile cats were immediately submitted to aggressive physiotherapy, including
hydrotherapy, while for more frightened or aggressive cats a much more slowly progressive treatment
regimen was provided. As abovementioned, progressive exposure to water, made anxious cats
increasingly con�dent within a few days.  In our experience, full-time hospitalization was not associated
to better recover of locomotion, leading to the conclusion that in patients adequately followed at home,
the rehabilitation protocol can be achieved successfully also in a day-hospital regimen, helping the owner
in terms of cost abatement and reducing the stress for the cats.

 

The present study has several limitations and caution must be used in the interpretation of results
obtained from a small number of animals, possibly not re�ecting the reliability of the data and therefore
decreasing the power of statistical analysis. The retrospective nature of this study did not allow us to
have a homogeneous sample in terms of group distribution and timing in the start of physiotherapy and
this could have possibly produced biased data. In particular, the small number of cats in the control group
may not re�ect the trustworthiness of the results. Nevertheless, authors are con�dent that these
preliminary results may represent an interesting starting point for prospective studies enrolling a larger
number of cats. 
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Conclusion
As previously described in dogs, also in cats with severe acute TL lesion recovery can bene�t from
intensive physiotherapy. The present experience demonstrates that, in case of loss of PP, the acquisition
of SW is possible also under �eld condition in a relevant percentage of cases. Nevertheless, the owners
should be informed of the high possibility of persistent incompetent bladder and its necessity of lifelong
manual expression. This study provides some preliminary suggestions for further prospective
investigation about the use of prognostic indicators such as crossed extensor re�ex and early
movements seen in UWTM, to allow improvement in predicting the outcome of severe TL conditions.
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Figure 1

Selection of Cat population
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