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Abstract

Background: Reports describing sciatic nerve injuries (SNI) and their outcome are

scarce in veterinary medicine.

Hypothesis: Describe the causes of traumatic and iatrogenic SNI and evaluate which

clinical and electrodiagnostic findings predict outcome.

Animals: Thirty-eight dogs and 10 cats with confirmed SNI referred for neurologic

and electrodiagnostic evaluation.

Methods: Clinical and electrodiagnostic examination results, including electromyog-

raphy (EMG), motor nerve conduction studies, muscle-evoked potential (MEP),

F-waves, sensory nerve conduction studies, and cord dorsum potential (CDP), were

retrospectively evaluated. Quality of life (QoL) was assessed based on owner

interviews.

Results: Surgery (42%) and trauma (33%) were the most common causes of SNI; in

dogs, 24% were caused by bites from wild boars. Ability to flex and extend the tarsus

was significantly associated with positive outcome in dogs. Mean time from onset of

clinical signs until electrodiagnostic evaluation was 67 ± 65 (range, 7-300) days and

65 ± 108 (range, 7-365) days for dogs and cats, respectively. A cut-off amplitude of

1.45 mV for compound motor action potentials (CMAP) was predictive of positive

outcome in dogs (P = .01), with sensitivity of 58% and specificity of 100%.

Conclusions and Clinical Importance: Clinical motor function predicts recovery bet-

ter than sensory function. Electrodiagnostic findings also may play a role in predicting

the outcome of SNI. Application of the proposed CMAP cut-off amplitude may assist

clinicians in shortening the time to reassessment or for earlier suggestion of salvage

procedures. Owners perceived a good quality of life (QoL), even in cases of hindlimb

amputation.
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1 | INTRODUCTION

Peripheral nerve injuries are common in dogs and cats. Sciatic nerve

injury (SNI) in dogs and cats has been reported in association with

traumatic events involving pelvic and femoral fractures or crush inju-

ries, penetrating wounds, and iatrogenic insults.1,2 The sciatic nerve is

formed by the tibial and common peroneal nerves closely bound

together; the 2 branches divide variably at any point from the coxofe-

moral joint to the popliteal space.3 Depending on the location of the

injury, 1 or both branches may be affected. Lesions affecting the sci-

atic nerve trunk or both the tibial and common peroneal nerve have

been reported to have the worst prognosis.2

Regardless of the location and extent of the lesion, the outcome

of peripheral nerve injury is influenced by the severity of the func-

tional consequences of the damage.4 In particular, neurotmesis,

involving transection of axons and perineural connective tissue, has

the poorest prognosis. On the other hand, the prognosis is variable in

axonotmesis, which is characterized by damage to a certain number of

axons with preserved perineural connective tissue and focal demyelin-

ation. Finally, in the presence of neurapraxia, the functional conse-

quences of the damage are transient because little or no structural

damage has occurred, usually consisting only of focal demyelination,

and such patients usually recover spontaneously in a few days.5,6

However, depending on the distance from the nerve lesion to the

muscle to be reinnervated, several weeks to months may be required

to see the eventual beneficial effects of axonal regrowth.7,8

An estimate of the functional damage to nerve fibers can be pro-

vided by an accurate neurological examination and the application of

electrodiagnostic tests (EDX).9,10 Clinical and EDX results have been

investigated as prognostic indicators in traumatic brachial plexus inju-

ries.4,11 Only a few studies have been published on SNI in dogs and

cats.1,2,12 The ability of neurological examination and EDX to predict

the long-term outcome of these patients has never been specifically

investigated. Moreover, information regarding the quality of life (QoL)

of injured animals and owner perception is lacking.

Our primary aim was to describe the causes of SNI and the clinical

and EDX findings in dogs and cats referred for SNI. In addition, the

results of neurological examination and EDX tests were evaluated to

understand whether they were predictive of clinical outcome. Finally, the

QoL of the affected patients and owner perception was investigated.

2 | MATERIALS AND METHODS

2.1 | Animals

Privately owned dogs and cats referred or presented with naturally

occurring hind limb monoparesis or monoplegia were considered eligi-

ble for inclusion in our cohort study. All clinical and diagnostic proce-

dures were performed in agreement with best practice standards of

veterinary practice. All owners signed written informed consent,

agreeing to all procedures and the use of all data for scientific

purposes.

2.2 | Sample and clinical evaluation

The medical databases of the 3 different veterinary hospitals

(Department of Veterinary Science of the University of Parma,

Department of Veterinary Medical Science of the University of Bolo-

gna, and Neurovet Milano) were searched to identify dogs and cats

diagnosed with suspected SNI during the period 2006 to 2020. Inclu-

sion criteria were a medical record including all signalment data, infor-

mation about the affected limb and the date at which the neurological

signs first appeared, results of a neurological and EDX evaluation, his-

tory of hyperacute or acute paresis or paralysis of the sciatic nerve

confirmed by neurological and EDX evaluations, and follow-up of at

least 12 months.

Exclusion criteria were nerve dysfunction secondary to neoplasia

(eg, peripheral nerve sheath tumor) or vascular disease (eg, ischemic

neuromyopathy) and evidence of concomitant sacral trauma (eg, luxa-

tion or fractures, suspected cauda equina involvement as evidenced

by the presence of urinary retention, decreased or absent perineal

reflex, decreased or absent anal tone, decreased or absent perineal

and tail nociception and tail paresis or paralysis).

Data extracted from the medical records included species, breed,

body weight, age, sex, affected limb, cause of the injury, days elapsed

between the onset of neurological signs and clinical examination and

EDX, diagnostic imaging used, results of clinical and EDX evaluations.

The neurological examination findings recorded were: ability to

actively extend and flex the stifle and hock during ambulation and spi-

nal reflexes assessment; proprioception, evaluated with propriocep-

tive placing, hopping, and, in small dogs, visual or tactile placing

response tests; presence or absence of sensation in the autonomous

zones of the tibial and peroneal nerves; and, the presence of a root

signature (ie, lifting of the affected limb).13-15

The distribution of the lesion to the tibial nerve, the peroneal

nerve or the common trunk of the sciatic nerve was defined according

to the functional consequences ascertained at the clinical evaluation.

In particular, a drop of the hock on weight bearing and hypoalgesia or

analgesia of the caudal aspect of the leg region and plantar surface of

the paw were present in lesions mostly involving the tibial nerve.1,13

Lesions mainly affecting the peroneal nerve were characterized by

knuckling of the metatarsophalangeal joint, hyperextension of the

hock, with decreased or absent flexion of the hock during withdrawal

reflex, and hypoalgesia or analgesia of the dorsal and lateral aspects of

the leg region and dorsal aspect of the paw.1,13 Finally, when both the

tibial and peroneal nerves were similarly affected (ie, in lesions of

the common trunk of the sciatic nerve), all of the previously reported

clinical signs were present, associated with a decreased or absent abil-

ity to flex the leg if the lesion was proximal to the ramus muscularis of

the sciatic nerve.1,13

2.3 | Electrodiagnostic studies

The EDX were performed on all animals at least 7 days after the onset

of clinical signs using 2 commercially available electrodiagnostic
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devices (Myoquick, Micromed, Treviso, Italy; NeMus 2, EB Neuro S.

p.A., Firenze, Italy), with the animal under general anesthesia. Rectal

temperature was monitored. If necessary, heating pads were used to

maintain patient temperature between 37�C and 38�C. The EDX

recordings were performed by 2 experienced veterinary neurologists

(E.B., Dip. ECVN, with over 10 years' experience in EDX, who per-

formed 46/48 recordings and A.C., Dip. ECVN, with 5 years' experi-

ence in EDX, who performed 2/48 recordings).

Concentric needle electrodes were used (disposable concentric

EMG needle electrode, Spes Medica s.r.l., Genova, Italy) for electro-

myography (EMG) recording. Monopolar needle electrodes (dispos-

able monopolar needle electrode, Spes Medica s.r.l., Genova, Italy)

were used for electrical stimulation and recording for the other EDX

tests. For EMG, the ground electrode was placed on a bony promi-

nence, whereas for the other EDX tests, it was placed between the

stimulating and recording electrodes. For EMG, the recording needle

was inserted into 3 to 5 different areas at 2 different depths. The fol-

lowing muscles of the affected limb were tested by EMG: the epaxial

muscles innervated by the dorsal branches of the lumbar spinal nerves,

the quadriceps femorismuscle innervated by the femoral nerve, the semi-

tendinosus muscle innervated directly by the sciatic nerve via the ramus

muscularis, the tibialis cranialis muscle innervated by the peroneal nerve,

and the gastrocnemius and plantar interossei muscles innervated by the

tibial nerve. Normal EMG recordings consisted of a brief burst of inser-

tional activity due to stimulation of the muscle fibers by the needle dur-

ing insertion, followed by the absence of spontaneous electrical activity

except for physiological endplate potentials.9,16,17 Abnormal EMG was

considered if spontaneous pathological activity (SPA) occurred, consist-

ing mainly of fibrillation potentials, positive sharp waves and occasion-

ally complex repetitive discharges (Figure 1).9,16,17 The SPA was graded

from 0 to +4 for each muscle.16

After EMG, motor nerve conduction studies (MNCS) were per-

formed on the sciatic-tibial and sciatic-peroneal nerves of the affected

limb. Compound muscle action potential (CMAP) was recorded after

supramaximal stimulation of the sciatic-tibial and sciatic-peroneal

nerves with rectangular pulses of 0.1 ms. For the sciatic-tibial nerve,

the active recording needle was placed in the plantar interossei muscle

and the reference needle was placed SC distally on the plantar surface

of the hind paw. For the sciatic-peroneal nerve, the active recording

electrode was placed in the tibialis cranialis muscle and the reference

electrode on its distal tendon.18-20 Proximal stimulation of the sciatic-

tibial and sciatic-peroneal MNCS was performed at the level of the

trochanteric fossa.18-20 Distal stimulation of the sciatic-tibial MNCS

was performed by positioning the 2 electrodes over the tarsus.18-20

Distal stimulation of the sciatic-peroneal MNCS was performed by

positioning the stimulating needles at the stifle.18-20 The 2 electrodes

were placed 10 to 20 mm apart, with the cathode distal to the anode.

The CMAP represents the sum of the action potentials of the fibers

activated by the nerve impulse, and it is normally displayed as a single

biphasic waveform with both a positive and a negative deflection

(Figure 2A).18-20 When recordable, CMAP amplitudes were measured

from the highest negative peak to the highest positive peak. If CMAP

was polyphasic and prolonged, pathological temporal dispersion was

recorded (Figure 2B).18-20 Conduction block was recorded if there

was a decrease of >50% in the proximal-to-distal CMAP amplitude

(Figure 2B).9 Motor nerve conduction velocity (MNCV) was calculated

by dividing the distance between the proximal and distal stimulation

points (in mm) by the difference between the proximal and distal

CMAP latency (in ms; ie, the time between stimulus and first deflec-

tion of CMAP).20

Tibial nerve F-wave assessments on the affected limb were per-

formed in some patients and their presence or absence was recorded

F IGURE 1 Electromyography (EMG) of the tibialis cranialis muscle of dog N. 7 showing 6 fibrillation potentials and 2 positive sharp waves.
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(Figure 3).10,21 Specific details on the execution and recording of the

F-waves are reported in File S1.

Sensory nerve conduction studies (SNCS) of the tibial and pero-

neal nerves of the affected limb were performed,22 and their presence

(Figure 4A) or absence (Figure 4B) was recorded. The stimulating nee-

dles were inserted SC in the autonomous sensory area of the tibial

nerve (plantar surface of the paw) or of the superficial branch of the

peroneal nerve (dorsal surface of the paw). For recording SNCS of both

nerves, the needles were left in the same position as for distal stimula-

tion of MNCS.22 The stimulation intensity was set as high as possible

without provoking muscle artifact. Recordings were digitally averaged

until a sensory nerve action potential (SNAP) characterized by an initial

small positive wave followed by a larger negative wave was detected

(Figure 4A). If a potential indicative of a SNAP was obtained, the test

was repeated to check the reproducibility of the potential.22

The cord dorsum potential (CDP) was elicited in some patients

and its presence (Figure 5A) or absence (Figure 5B) was recorded.23

When performed, the presence (Figure 6A) or absence (Figure 6B) of

motor-evoked potentials (MEP) was reported.10 Specific details on the

execution and recording of both CDP and MEP are reported in File S1.

2.4 | Questionnaire

Owners were interviewed by telephone to obtain follow-up informa-

tion at least 6 months after the trauma. The questionnaire included

questions about the type of trauma, signs of neuropathic pain, treat-

ment (physiotherapy, surgery, amputation) and outcome. We also col-

lected information on owner perception of the animals' quality of life

(QoL; File S2).

F IGURE 2 Motor nerve conduction studies (MNCS) of sciatic-tibial nerve. Upper tracing: stimulation at the hock; lower tracing: stimulation at
the trochanteric fossa. In A, MNCS of a normal dog, conduction velocity (CV): 65.9 m/s. In B, MNCS of dog N. 30 showing reduced compound
muscle action potential (CMAP) amplitudes, and the presence of conduction block and temporal dispersion, CV: 54.5 m/s. In C, MNCS of dog
N. 15 showing absent CMAP.
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2.5 | Outcome

Outcome information was based on neurological reassessment and

questionnaires. If the owner was unable to bring the animal for

re-examination, a video of the patient's gait was requested if nec-

essary to clarify limb functionality. The outcome was defined as

negative if patients did not recover from SNI in terms of motor

function, leading to 1 of the following: (a) arthrodesis as a limb-

salvaging procedure; (b) amputation of the affected limb; or

(c) euthanasia on request of the owner because of inability to man-

age the pet with the condition or suggested by the clinician

because of the severity of secondary lesions. In all other cases, the

outcome was deemed positive even if limb function was improved

rather than fully restored.

F IGURE 3 F-waves. In A, F-waves of the tibial nerve of dog N. 32 showing the presence of F-waves. In B, absence of F-waves in the tibial
nerve of cat N. 5.

F IGURE 4 Sensory nerve conduction study (SNCS). In A, SNCS of the tibial nerve of cat N. 1: a sensory nerve action potential (SNAP) is
present. In B, SNCS of the peroneal nerve of dog N. 18: no SNAP is recordable.

DELL'APA ET AL. 5
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2.6 | Statistical analysis

All data were recorded on an electronic spreadsheet (Microsoft

Excel© for MAC, v. 16.58, Albuquerque, New Mexico) before being

imported into dedicated software for statistical analysis (Prism 8 for

MacOS, v. 8.2.0, GraphPad Software Inc., La Jolla, California; JMP Pro,

v. 16.0, SAS Institute, Cary, North Carolina; IBM SPSS, v. 26.0, IBM,

Endicott, New York). Continuous data were tested for normality using

the Shapiro-Wilk's W test. Signalment and clinical data are reported as

number (percentage) and mean ± SD or median (range), depending on

the categorical or continuous nature of the variables described and

whether or not they were parametric.

The 2 species were pooled together because of the small number

of cats in the sample, but the analysis was repeated within each

F IGURE 5 Cord dorsum potential (CDP) recordings. In A, a cord dorsum potential recorded in dog N. 7. In B, no cord dorsum potential
recordable in dog N. 10.

F IGURE 6 Motor-evoked potentials (MEP) of the tibialis cranialis muscle after stimulation of the sciatic nerve. In A, normal potentials in the
normal limb of cat N. 3. In B, absence of potentials in the affected limb in the same cat.

6 DELL'APA ET AL.
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species because differences in CMAP values have been reported

between the 2 species.24,25 Each clinical and EDX variable was tested

as predictive of the outcome using a nominal logistic model and

included in the subsequent stepwise multivariate model if P < .10. A

stepwise procedure then was used to assess which variable could

explain the outcome, as previously defined, using an automated pro-

cedure. Post hoc, receiver operating characteristic (ROC) curves were

evaluated for continuous variables, considering the area under the

curve (AUC) and the relative 95% confidence interval (CI) and evaluat-

ing the optimal cut-off value based on the Youden's index J. Sensitiv-

ity, specificity, and positive and negative predictive values (PPV and

NPV, respectively) also were reported. In addition, a Mann-Whitney's

U test was used to evaluate differences between the 2 sub-groups (ie,

positive vs negative outcome).

A chi-squared test was used for categorical variables. Contin-

gency tables and Cohen's kappa agreement were applied to study the

correlation between clinical and EDX localization.

Finally, for dogs, we tested whether the days elapsed were signifi-

cantly different between the outcomes for CMAP = 0 and again for

the CMAP cut-off amplitude identified, using a pooled Student's t test

or a Mann-Whitney U test, according to data distribution.

3 | RESULTS

3.1 | Sample population and clinical evaluation

Forty-eight patients were included in the study, of which 38 (79%)

were dogs and 10 (21%) were cats. Breeds of dog are recorded in

Figure S1. Cats were mostly European Shorthair (8, 80%) and 1 each

(10%) of Chartreux and British Shorthair. No statistics were applied to

the breed distributions, which were considered consistent with the

breeds commonly seen at the included institutions.

Dogs were 52 ± 44 (range, 4-192) months old and weighed

22.3 ± 11.4 (range, 4.9-49.1) kg; cats were 73 ± 46 (range, 12-156)

months old and weighed 3.8 ± .4 (range, 3.0-4.5) kg. There were

18 (47%) female dogs and 20 (53%) male dogs; there were 7 (70%)

female cats and 3 (30%) male cats.

In dogs the right hind limb was affected in 21 (55%) cases and the

left in 17 (45%); in cats the distribution was even between the right

and left hind limbs. The reported causes of the clinical signs are sum-

marized in Table 1. Diagnostic imaging tests were not performed or

were not available in 4 (8%) patients, 2 dogs, both with lesions caused

by bites, and 2 cats, 1 with signs caused by bite lesions and the other

because of an IM injection. Of the remaining patients (44), 26 (59%)

had plain radiographs taken, 10 (23%) had both radiography and ultra-

sonography performed, 3 (7%) had ultrasonography, 3 (7%) had mag-

netic resonance imaging, and 2 (4%) underwent all 3 imaging

modalities.

Results of the neurological examination for the 2 species are sum-

marized in Table 2. For dogs, the mean time from the onset of clinical

signs until EDX evaluation was 67 ± 65 (range, 7-300) days; in cats, it

was 65 ± 108 (range, 7-365) days. The EMG and MNCS of the sciatic-

tibial and sciatic-peroneal nerves were performed in all patients. All

animals had SPA on EMG in at least 1 of the muscles of the affected

limb; results of the EMG are summarized in Table 3. The median

values of CMAP amplitudes are shown in Table 4. The CMAP record-

ings showed absence of action potentials (Figure 1C) at both the prox-

imal and distal stimulation sites of both the tibial and peroneal nerves

in 6/38 (16%) dogs and 1 cat. Specific results on temporal dispersion

are summarized in Table S1. Conduction blocks were recorded in

8/33 (24%) dogs and 1 cat, all pertaining to the tibial nerve.

The MNCV could not be measured because of absence or

extreme reduction of the CMAP amplitude in the tibial nerves of

12/38 (32%) dogs and 1 cat, and in the peroneal nerves of 22/38

(58%) dogs and 4/10 (40%) cats. The median values of MNCV, cat-

egorized as pathologic or physiologic, are shown in Table 5. Spe-

cific results for the SNCS for the tibial and peroneal nerves, F

waves and CDP are summarized in Table S2. The MEP was per-

formed in 6/38 (16%) dogs and 1 cat. It was present in 3 patients

and absent in 4. A significant association (P = .01) was found

between the clinical and EDX localization (Table S3) but with low

agreement (κ = .36, P = .0002).

3.2 | Outcome

Outcome was available for 32/38 (84%) dogs and 9/10 (90%) cats.

Nine of 32 (28%) dogs and 1 cat had a negative outcome. Eight dogs

and 1 cat recorded as having a negative outcome underwent limb

amputation, and the other dog was euthanized for worsening of its

clinical condition.

Clinical and EDX variables significantly associated with outcome

are summarized in Table 6. Nonsignificantly associated clinical and

EDX variables are summarized in Table S4. The CMAP recordings of

the tibial nerve with proximal stimulation in dogs were the only

TABLE 1 Causes of sciatic nerve injury recorded in the 2 species.

Injury Dog Cat

Trauma involving the pelvis 6 (16%) 5 (50%)

Bites 9 (24%) 1 (10%)

Surgery 7 (18%)

TPLO

Modified retinacular imbrication

Removal intramedullary pin

TPO

DPO

Surgery for femoral fracture 5 (13%) 2 (20%)

Trauma involving the limb 5 (13%)

Surgery for pelvic fracture 3 (8%)

Surgery for pelvic and femoral fracture 3 (8%)

Intramuscular injection 2 (20%)

Abbreviations: DPO, double pelvic osteotomy; TPLO, tibial plateau

leveling osteotomy; TPO, triple pelvic osteotomy.

DELL'APA ET AL. 7
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independent predictor of outcome in the multivariable analysis. The

results of the ROC curve evaluation for CMAPs are summarized in

Table 7 and Figure 7. The ROC analysis was repeated for dogs within

90 days after trauma11; 25 dogs were included in this further analysis,

and the results are summarized in Table 7. At CMAP = 0, the days

elapsed from the beginning of the clinical signs and the EDX

examination were not different (P = .81) between positive (54 ± 47)

and negative (28 ± 28) outcomes in dogs. Similarly, no differences

(P = .78) were detectable at CMAP = 1.45 mV between positive (35;

9-150 days) and negative (40; 20-210 days) outcomes in dogs. The only

independent predictor of a positive outcome in cats was the absence of

SPA 3+ at the EMG evaluation of the quadricepsmuscle.

TABLE 2 Results of the clinical
neurological examination.

Test

Dogs (N = 38) Cats (N = 10)

Present Decreased/Absent Present Decreased/Absent

Stifle flexion 34 (89%) 4 (11%) 7 (70%) 3 (30%)

Hock extension 8 (21%) 30 (79%) 0 (0%) 10 (100%)

Hock flexion 7 (19%) 31 (81%) 1 (10%) 9 (90%)

Proprioception 9 (24%) 29 (76%) 3 (30%) 7 (70%)

Tibial sensitivity 28 (74%) 10 (26%) 5 (50%) 5 (50%)

Peroneal sensitivity 19 (50%) 19 (50%) 5 (50%) 5 (50%)

Root signature 5 (13%) 33 (87%) 0 (0%) 10 (100%)

Predominant involvement Dogs (N = 38) Cats (N = 10)

Tibial nerve 6 (16%) 2 (20%)

Peroneal nerve 14 (37%) 6 (60%)

Sciatic nerve (common trunk) 18 (47%) 2 (20%)

Note: The presence or absence of the tested reflexes, proprioception, sensitivity, and root signature are

reported as number of patients and percentage of the total within each species. The predominant

involvement of the sciatic-tibial, sciatic peroneal, or common trunk sciatic nerves defined according to

the clinical evaluation are reported as number of patients and percentage of the total within each species.

TABLE 3 Results of the EMG recordings, reported as the number of patients and percentage of the total within each species for each
spontaneous pathologic activity (SPA) grade.

Species SPA grade
Quadriceps
m. (N, %)

Semitendinosus
m. (N, %)

Tibialis cranialis
m. (N, %)

Gastrocnemius
m. (N, %)

Plantar interossei
m. (N, %)

Dog (n = 38) 0 30 (79%) 21 (56%) 5 (13%) 2 (5%) 2 (5%)

+1 3 (8%) 5 (13%) 1 (3%) 2 (5%) 0 (0%)

+2 2 (5%) 2 (5%) 2 (5%) 7 (19%) 7 (19%)

+3 2 (5%) 8 (21%) 11 (29%) 14 (37%) 12 (31%)

+4 1 (3%) 2 (5%) 19 (50%) 13 (34%) 17 (45%)

Cat (n = 10) 0 9 (90%) 5 (50%) 1 (10%) 0 (0%) 0 (0%)

+1 0 (0%) 2 (20%) 1 (10%) 1 (10%) 1 (10%)

+2 0 (0%) 2 (20%) 2 (20%) 1 (10%) 2 (20%)

+3 1 (10%) 1 (10%) 2 (20%) 4 (40%) 2 (20%)

+4 0 (0%) 0 (0%) 4 (40%) 4 (40%) 5 (50%)

Note: SPA included fibrillation potentials, positive sharp waves, and complex repetitive discharges, and was graded according to Ref. [17]. 0 = physiological

electromyographic recording.

Abbreviations: m., muscle; SPA, spontaneous pathologic activity.

TABLE 4 Median (range) CMAPs amplitudes for the proximal and distal stimulation sites of the tibial and peroneal nerves in the 2 species.

Proximal tibial nerve Distal tibial nerve Proximal peroneal nerve Distal peroneal nerve

Dogs (n = 38) 1.2 (0.0-8.3) 1.6 (0.0-16.1) 0.2 (0.0-15.7) 0.3 (0.0-14.5)

Cats (n = 10) 2.1 (0.0-22.6) 3.5 (0.0-18.9) 1.2 (0.0-13.8) 0.7 (0.0-25.0)

8 DELL'APA ET AL.
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3.3 | Quality of life

The questionnaire was completed by 38 owners, 31 owning a dog and

7 a cat. The QoL of their pet was perceived as poor in 3 cases, fair in

4, good in 11 and excellent in 13. Regarding their own QoL, owners

reported that it had worsened in 13 cases, remained the same in

24 cases and improved in 1 case. When asked if and how their rela-

tionship with their pets had changed, 22 reported no change and

16 reported improvements. Outcome did not affect the perception of

the QoL of the patient (P = .57), the owner (P = .68), or their

relationship (P = .54). Similarly, whether the pet lived outdoors,

indoors, or both did not affect perceptions of the QoL for the patient

(P = .91), the owner (P = .29), or their relationship (P = .76).

4 | DISCUSSION

Our primary aim was to describe the causes of SNI in a cohort of dogs

and cats. The most common cause of SNI was trauma, particularly to

the pelvis and the hind limbs. The higher prevalence of this cause

TABLE 5 Median (range) motor nerve conduction velocity (MNCV) for the tibial and peroneal nerves, categorized as physiological or
pathological, in the 2 species.

Physiological Pathological

Tibial nerve Peroneal nerve Tibial nerve Peroneal nerve

Dogs (n = 26 T.n.; n = 16 P.n.) 59.9 (53.6-113.0)a 76.9 (68-94.8) 46.9 (20-54.5) 45.8 (26.7-53.8)

Cats (n = 9 T.n.; 6 P.n.) 92.9 (71.4-104.5) 104.8 (100-116.7) 54 (53-55) 48b

Abbreviations: P.n., peroneal nerve; T.n.: Tibial nerve.
aIncludes a 5-months-old puppy in which a low motor nerve conduction velocity is considered physiologic.
bTwo subjects with the same MNCV.

TABLE 6 Variables significantly associated to the outcome at the univariate and multivariable nominal logistic regression.

Variable Univariate OR (95% CI) Positive outcome Negative outcome Difference Multivariable

Dogs

Hock flexion .03 0 (0-1.3) pres. 17 abs. 6 pres. 9 abs. 0 .15 (n.s.) .17 (n.s.)

Hock extension .06 0 (0-1.8) pres. 18 abs. 5 pres. 9 abs. 0 .29 (n.s.) .33 (n.s.)

Tibial n. CMAP proximal .01 2.2 (1.0-5.1) (2.4; 0-22.6) (0; 0-1.3) .02* .01*

Cats

SPA quadriceps m. <.0001 0.0 (0.0-1.1) SPA +3 0 abs. 8 SPA +3 1 abs. 0 .003* .01*

SPA semitendinosus m. .10 n.a. SPA +3 0

SPA +2 2

SPA +1 1

abs. 5

SPA +3 0

SPA +2 0

SPA +1 1

abs. 0

.03* .99

Peroneal n. CMAP distal .06 n.a. 2.1 (0-22.6) 0a .32 (n.s.) .99

Tibial n. sensitivity .06 n.a. pres. 7 abs. 1 pres. 0 abs. 1 .04* .99

Note: According to the statistical test, the odds ratio (OR) and relative 95% confidence intervals were reported. Number of patients within the outcome

categories is reported for categorical variables, and median (range) for continuous variables. The P-value of the difference between the outcome categories

has been reported.

Abbreviations: 95% CI, 95% confidence interval; abs., absence; CMAP, compound muscle activation potential; m., muscle; n., nerve; n.a., nonassessable;

n.s., nonsignificant; OR, odds ratio; pres., presence.
aSingle cat with negative outcome.

*Statistically significant.

TABLE 7 Results of the receiver operator characteristic (ROC) curve analysis for the CMAP recordings of the tibial nerve with proximal
stimulation in dogs.

Variable ROC curve (AUC; 95% CI; sig.) Cut-off Youden's J Sens., Spec., PPV, NPV

Dogs

Tibial n. CMAP proximal 0.72 (0.59–0.86) P = .03* 1.45 mV 0.56 58%, 100%, 1.0, 0.43

Dogs (within 90 days)

Tibial n. CMAP proximal 0.68 (0.48–0.83) P = .01* 1.45 mV 0.53 53%, 100%, 1.0, 0.50

Note: The cut-off value, the corresponding Youden's index (J) and the value's sensitivity, specificity, negative, and positive predictive values are reported.

Abbreviations: AUC, area under the curve; CI, confidence interval; n., nerve; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver

operator characteristic; Sens., sensitivity; Spec., specificity.

*Statistically significant.
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appears to be consistent with other studies. Indeed, the pelvis and

extremities represented the most affected regions in traumatized

small animals.26-28 Therefore, it is very important to establish the

prognosis and the optimal therapeutic approach for these patients.29

The second most common cause was complications from surgery for

pelvic or femoral fractures and other orthopedic surgery of the pelvis,

femur, and femoro-tibial joint, similar to previous reports.1,2 Sciatic

nerve injury as a complication of total hip replacement, double pelvic

osteotomy, and stabilization of femoral fractures has been

reported.30-33 In general, the risk of SNI is considered to be higher in

femoral and pelvic fracture surgery because of the limited visibility of

the sciatic nerve as a consequence of its deep location.2 Hence, an

accurate neurological evaluation always should be performed before

surgery for pelvic and femoral fractures.29 Bites (21%) and injections

(4%) represented other less common causes of SNI. In all 9 dogs with

SNI caused by bites, the wound was the result of a wild boar attack.

Penetrating wounds inflicted by wild boars represented the third most

common cause of SNI in dogs in our study. As expected, this specific

cause has only been reported in countries where wild boar hunting is

practiced.34 In a retrospective study, wild boar attacks in dogs caused

penetrating wounds affecting hind limbs in 13% of the cases.34 The

only SNI caused by a bite in the cat in our study was associated with a

dog attack. Finally, IM injections have been reported to cause SNI in

dogs and cats.1,2,35 Nerve damage has been associated with direct

trauma by the needle, the injected substance, or even the scar result-

ing from irritating drugs.12,36,37 In our sample, injection lesions were

found only in cats, accounting for 20% of cases. Because of the rela-

tively high risk of damaging the sciatic nerve with injections in the

biceps femoris muscle in cats, choosing the quadriceps muscle mass has

been recommended.38

Regarding ancillary tests, radiographs were obtained in most

patients (86%), often before referral to the neurologist. Ten patients

underwent radiography in association with ultrasound neurography, a

versatile technique with high specificity that can be used to evaluate

nerve integrity. Ultrasonography can be used to assess the localization

of trauma in the presence of a foreign body, perilesional scar, neu-

roma, or nerve stump, as well as neuritis caused by injection.39-41

Magnetic resonance imaging also was used in combination with ultra-

sound neurography and alone in 3 patients. It is routinely performed

in human medicine, in association with EDX.42,43

Regarding the clinical neurological assessment, ability to actively

flex and extend the tarsal joints was significantly associated with a

positive outcome in dogs in our study. In contrast, the absence of

nociception of the tibial and peroneal nerves was not associated with

outcome, different from previous reports about dogs with SNI.1

Absence of nociception is a well-known sign of guarded or poor

F IGURE 7 Graphic representation
CMAP recordings at the proximal
stimulation site of the tibial nerve in dogs.
In A, median and range of the CMAP
values recorded in the positive and
negative outcome groups. In B, receiver
operator characteristic (ROC) curve for
the CMAP recorded values in the positive
and negative outcome groups. In C,

graphic representation of the cut-off
value—black vertical line—considering the
distribution of CMAP recorded values in
the positive and negative outcome
groups; the red dots represent the
patients with a positive outcome with
CMAP values lower than the cut-off value
identified.
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prognosis for recovery of ambulation in spinal cord injury. In our

study, absence of nociception was linked to peripheral nerve injury

because spinal cord injury was excluded by clinical evaluation and

diagnostic imaging. Fibers involved in nociceptive transmission are

very resistant because of their small diameter, deep location, and wide

distribution in the spinal cord. Therefore, absent nociception indicates

functional spinal cord transection.44 On the other hand, peripheral

nerve fibers can regenerate. Thus, even without motor and sensory

function at the neurological examination, recovery of limb function is

deemed possible after injury without neurotmesis.1 In our cases, the

severe reduction or absence of motor activity of the extensors and

flexors of the tarsal joints found in many animals with a poor progno-

sis may indicate axonotmesis or neurotmesis. The different involve-

ment of sensory and motor fibers has been reported previously in

2 dogs and 1 cat with sciatic nerve dysfunction that, despite having

absent nociception, had a fair prognosis. In the same case series,

2 other dogs with preserved nociception had a poor outcome.10 In

cats in our case series, no correlation was found between neurological

findings and outcome, probably because of the study's limited number

of cats.

According to the EDX findings, SPA was present on EMG in at

least 1 muscle of the affected limb in all patients. Given the history,

neurological findings and abnormalities found on the other EDX tests,

a myopathy was unlikely to have caused SPA on EMG in these cases.

This finding suggested the presence of denervation because of axo-

notmesis or neurotmesis. Neurapraxia was unlikely because this con-

dition should not be associated with the presence of SPA.45 In fact, in

neurapraxia, there should be no axonal damage and no signs of dener-

vation, especially several days after the injury.45

In some cases, the pathological temporal dispersion of CMAP and

conduction block is probably related to nerve injury. The normal

motor nerve conduction velocity found in most nerves is not surpris-

ing, given that nerve injury is associated with axonal loss.46 Conduc-

tion velocity was decreased when a substantial number of nerve

fibers, including the fastest fibers, were damaged. In the dogs, there

was a significant correlation between the CMAP values recorded at

the tibial nerve MNCS and outcome. Specifically, the amplitude of

CMAP during proximal sciatic-tibial nerve stimulation was higher in

dogs with a positive outcome. These findings are consistent with the

results of neurological evaluation, which identified reflex motor func-

tion as a predictor of outcome. The tibial nerve activates muscles that

extend the tarsus and flex the digits, and, together with the femoral

nerve, is essential for weight-bearing.3 The common peroneal nerve

supplies the muscles that flex the tarsus and extend the digits.3 When

damaged, the main neurological sign is knuckling of the foot. These

functional aspects may explain the association between the amplitude

of sciatic-tibial nerve CMAP recordings and outcome. However, in

most cases with poor outcome, both nerves seemed severely affected.

A cut-off for CMAP amplitude of 1.45 mV may help discriminate dogs

more likely to have a good prognosis. Unfortunately, CMAP ampli-

tudes <1.45 mV showed poor ability to predict negative outcome.

Surgical intervention for traumatic SNI has been widely described, but

decision-making remains to be tailored to the individual patient

according to clinical, imaging, and EDX results.47-51 With or without

surgical intervention, physiotherapy and the use of tarsus-foot ortho-

sis might be suggested as soon as possible in veterinary patients

regardless of predicted outcome.52-54 Indeed, physiotherapy would

help maintain muscle tone and avoid fibrosis, whereas the use of

orthosis could stabilize the hock joint and prevent cutaneous lesions

arising from dragging the hindlimb.52-54 When paresthesia and auto-

mutilation occur, or in absence of clinical improvement, hindlimb

amputation should be considered. Hence, patients with CMAPs

<1.45 mV should be frequently re-evaluated either clinically or with

EDX, or both. The potential ability of CMAP amplitude to help predict

functional recovery is not surprising. It reflects the number of muscle

cell fibers activated by nerve stimulation and is an indirect measure of

the number of functional motor nerve fibers.16 The MNCS and MEP

are considered valuable for predicting the prognosis of nerve injury.10

Both tests objectively assess motor function by stimulating motor

pathways and recording CMAP produced by muscles of the limbs.

In cats, an association between the results of EMG, MNCS, and

CDP and outcome was detected. The presence of SPA on EMG in the

semitendinosus and quadriceps muscles and the inability to record CDP

were associated with negative outcome. The presence of SPA in the

quadriceps indicated the presence of concomitant involvement of

the ipsilateral femoral nerve. Negative outcome of the cat with these

EMG findings is probably related to monoplegia of the affected limb

because of concomitant femoral involvement. The association

between the semitendinosus muscle SPA and outcome may be related

to the involvement of the proximal portion of the sciatic nerve. The

CDP is a sensory potential arising in the caudal lumbar spinal cord.

Abnormalities of the CDP also may indicate a proximal lesion.23 The

amplitude of CMAP recordings from the MNCS of the sciatic-peroneal

nerve with distal stimulation also was correlated with outcome. The

higher the amplitude, the higher the chance of a positive outcome,

considering that only 1 cat in our sample had a negative outcome.

These results are not surprising considering that proximal lesions are

those associated with the worst prognosis.2,7,8 It could be speculated

that excluding animals with signs of sacral trauma from our case series

decreased the number of cats, particularly those with severe traumatic

events. Pelvic trauma and related surgeries are the leading cause of

SNI in cats. Exclusion of the cats with signs of sacral involvement also

had a possible influence on the outcome, which was positive in most

cases. However, similar percentages of cats with a good or fair prog-

nosis also have been reported in other case series.2,28

Questionnaires were available for the majority of animals

included in the study. Most owners rated their pet's QoL as fair, good,

or excellent, regardless of the objective clinical outcome. The quality

of the owner-animal relationship was perceived as unchanged or,

more often, improved. Similar results have been reported previously

for brachial plexus injuries.4 Neuropathic pain has been reported to

affect approximately 50% of humans with peripheral nerve injury, up

to 100% in nerve root avulsions.55 If present in our patients, neuro-

pathic pain did not substantially affect QoL. Furthermore, negative

outcome did not substantially affect the animals' QoL. The owners of

13 animals (34%) felt that SNI decreased their own QoL. The physical

DELL'APA ET AL. 11

 19391676, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvim

.17076 by C
ochraneItalia, W

iley O
nline L

ibrary on [20/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



and psychological impact of their pets' permanent motor impairment

is likely to be responsible for this change in their QoL, even though

limb amputation does not appear to negatively affect QoL in both our

own and previous studies.56

The limitations of our study are primarily a consequence of its ret-

rospective nature. To limit the negative impact of missing data on the

quality of the study, we included only animals with medical records

including all of the variables of interest, an EDX including at least

EMG and MNCS of both sciatic-tibial and sciatic-peroneal, and a mini-

mum follow-up of 12 months. We also excluded all cases with con-

comitant sacral or cauda equina involvement or both, because the

signs associated with these radicular injuries, particularly neurogenic

urinary retention, may negatively affect outcome. These narrow inclu-

sion criteria may have decreased sample size, especially for the cats.

Another important limitation is the use of questionnaires.57,58 To

avoid further decreasing the number of cases, we did not exclude ani-

mals that had EDX >90 days after injury, although this delay may have

had an influence on SPA, EMG, and CMAP amplitudes in MNCS.

However, we repeated the statistical analysis with only those patients

tested within 90 days, and doing so did not affect the cut-off values

of CMAP amplitudes.

In conclusion, our study shows that neurological examination and

EDX findings may help predict long-term outcome in dogs and cats

with SNI. The ability to predict the prognosis of limb function recov-

ery in SNI is critical for the clinician to determine the optimal thera-

peutic approach.
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Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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