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a b s t r a c t 

Equine back pain can potentially initiate an unstable intervertebral situation that results in atrophy and 

dysfunction of the epaxial muscles even after back pain has resolved. Several physiotherapy approaches 

are advocated to promote the strengthening of the multifidus muscle. This study aimed to asses and com- 

pare the effect of dynamic mobilization exercises (DME) and neuromuscular electrical stimulation (NMES) 

in 8 adult horses (4 individuals by group) to increase the cross-sectional area (CSA) of this muscle after 

a 7-weeks period treatment. The epaxial muscles of NMES group were electrical stimulated during 10 

minutes per session, 4 days a week for 7 weeks, yielding a total of 28 sessions per individual. Horses 

included in DME group were trained to move the chin to a specific position (three different cervical 

flexions, one cervical extension and three different lateral bending exercises) to the left and right sides, 

repeated 5 times per session, completing 28 sessions. Ultrasonographic images of the left and right mul- 

tifidus muscle were acquired at 3 different spinal locations (T12, T16 and L2) at the initial and the end of 

the experiment. Significant increases ( P < .050) in its CSA were obtained at all levels considered (except 

at T16), consistent with a 18.65% and 13.41% increase after NMES and DME, respectively. These results 

suggest that a 7-week period of DME or NMES treatments are useful to increase the CSA of the multi- 

fidus muscle in horses, and hence, these two therapies could be combined during a back-rehabilitation 

program to improve the spine stabilization in horses. 

© 2022 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Control of flexibility, mobility and stability of the back have 

een widely investigated in horses. These concepts are integral to 
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he equine core, which includes the body axis (spine and its asso- 

iated soft tissues like ligaments and muscles from the cervical re- 

ion to the pelvis) and extrinsic muscles of the limbs. The equine 

ore is essential for maintaining body posture and for providing 

uppleness in the generation of locomotor forces [1] . 

Several muscle groups contribute to ensuring back strength and 

acilitate movement. The more superficial epaxial muscles ( ilio- 

ostalis and longissimus m. ) have long fibers that span along many 

ertebral levels [2] , whereas the deeper epaxial multifidus m. is 

ivided in five short fascicles for each spinal level that spread 

ranio-caudally over five intervertebral joints [3] . Additionally, the 

bdominal muscles ( transversus, rectus abdominis , and the internal 

nd external oblique m. ) and the hypaxial sublumbar group lie ven- 

rally to the transverse processes of the vertebrae [4] . 

Functionally, the longissimus m. contributes to extend the spine 

5] , and participates in lateral bending movements [6] , whereas 
under the CC BY-NC-ND license 
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he multifidus m. has a significant role in the segmental stabiliza- 

ion of the intervertebral joints and maintains the vertebral motion 

egments neutrality in several species, including horses [7] . Multi- 

dus m. also avoids an abnormal rotation during the contraction of 

ntagonist muscles, being activated in anticipation along with the 

ransversus abdominis m. in order to stabilize the spine prior to and 

uring body movement [ 8 , 9 ]. The abdominal and hypaxial sublum- 

ar muscles ensure flexion of the spine [4] . 

Back pain is one of the main complaints that impair athletic 

erformance in sport horses. In this scenario, a vicious cycle of dis- 

omfort inhibits muscle activity that results in intervertebral joint 

nstability. It is well known that back pain in people inactivates 

he multifidus m., and therefore decreases the spine stabilization 

10] . Similar findings supporting a clear relationship between back 

athology and muscle wasting have been described in previous re- 

orts. Progressive atrophy of multifidus and longissimus m. has been 

bserved following back pathology in the horse [ 11 , 12 ]. Also, this

ondition has been identified as a predisposing factor in recurrent 

ack pain and related lesions, such as osteoarthritis of the interver- 

ebral joints [ 3 , 13 ]. In addition, asymmetry of the multifidus m. may

e found with unilateral back pain both in man [14] and horses 

 12 , 15 ], with persistent atroph y and lack of functionality leading to

ntervertebral instability even after back pain has resolved [ 13 , 16 ]. 

Changes in the multifidus m. can be identified with ultrasonog- 

aphy . This imaging modality enables evaluation of the symme- 

ry and cross sectional area (CSA) of the multifidus m. in re- 

ponse to therapeutic exercises aimed toward muscle activation 

nd strengthening [16] . 

For all these reasons, and based on the human model of back 

ain, different physiotherapy strategies have been developed in 

orses in order to activate the multifidus m. Previous reports sug- 

est that cervical dynamic mobilization exercises (DME), that tar- 

et the cervical and thoracolumbar spine, may be useful for acti- 

ating the deep epaxial and abdominal musculature and to pro- 

ote hypertrophy of the multifidus m. at all spinal levels after a 

-month period of therapy [16] . Electrical stimulation has been 

idely used to strengthen and prevent atrophy of both normal 

nd de-enervated muscles, to enhance muscular function and re- 

ducation following a neurological damage [17] . Neuromuscular 

lectrical stimulation (NMES) has been advocated as an effective 

ean in rehabilitation inducing muscle strengthening and motor 

ecovery in human patients [18] . This therapeutic approach aims 

o produce controlled and visible muscle contractions generated by 

lectrical high intensity impulses, which are directed toward the 

arget muscle through a surface electrode [19] . NMES of the multi- 

dus m. has been described to improve the control of intervertebral 

otion in the sagittal and frontal planes in people [20] . 

The aim of this study was to evaluate and compare two differ- 

nt therapeutic strategies, dynamic mobilization exercises and neu- 

omuscular electrical stimulation, to increase the cross-sectional 

rea of the multifidus m. at different back levels after a 7-week pe- 

iod treatment on sound horses. 

. Material and Methods 

This study was approved by the Ethical Commission of Animal 

se of the University Alfonso X el Sabio in accordance with the 

thical principles of animal experimentation. 

.1. Subjects 

Eight crossbreed retired horses that had been previously used 

ainly for pleasure riding, now belonging to the Veterinary Teach- 

ng Hospital of Alfonso X el Sabio University ́s teaching herd, were 

sed in this study. All horses were not trained nor ridden for more 
2 
han 12 weeks before the research was initiated, so they were as- 

umed in a homogeneous pretraining level. They were turned out 

n small paddocks of 4 ×6 meters dimension, 12 hours daily, de- 

ending on weather conditions, and were stalled in box at night. 

hey were neither in a regular training program nor ridden during 

he study period. 

Inclusion criteria specified sound horses with no evidence of 

ack pathology or overt back pain during the initial clinical exam- 

nation. 

The horses were randomly divided in two different treatment 

roups. Four horses (two mares and two geldings), aged from 15 to 

6 years of age (mean ± SD; 19.75 ± 4.87) were used in the neuro- 

uscular electrical stimulation group (NMES group). Dynamic mo- 

ilization exercise group (DME group) included four horses (three 

ares and one gelding), aged from 9 to 31 years of age (mean ±
D; 16 ± 8.77 years). 

.2. NMES Treatment 

The horses included in this group received NMES therapy for 

0 minutes per session, 4 days a week for 7 weeks, yielding a total 

f 28 sessions per animal. The protocol selection, treatment dura- 

ion, and the number of sessions per week were based on previous 

ublished literature where they were associated with a significant 

ffect on muscle tone and strength after this therapy in both hu- 

an [21] and veterinary patients [ 15 , 17 , 22 ]. 

Prior to NMES therapy, the skin of each horse at the right and 

eft parasagittal back muscles was clipped and prepared with wa- 

er and ultrasound gel to create good contact surface between the 

lectrode and the skin. 

Two channels with 2 electrodes each of 50 ×100 mm 

1 were 

sed to transfer the electrical signal. The electrodes were placed 

ver the epaxial muscles of the horses, approximately at the level 

f T12 and T18, where two motor points were identified and cre- 

ted an effective muscle contraction when stimulated electrically. 

he electrodes were individually and slightly modified in position 

o identify the motor point that created the muscle contraction. 

oth right and left epaxial muscles were stimulated simultaneously 

 Image 1 ). 

The electrical stimulation was performed with a portable mus- 

le stimulator (Sonopuls 492 1 ) held by an elastic belt around the 

orse thorax, that provided a pulsed, biphasic and rectangular 

aveform at 60 Hz and a pulse width set to 300 μs. The signal 

ulse included a ramp up phase lasting 2 seconds followed by a 

ustained phase of muscle contraction for 2 seconds, and a final 

ecreasing ramp down for 2 more seconds. 

The current intensity was set individually for each animal in or- 

er to produce an obvious visual and palpable contraction of the 

paxial muscles, without creating any apparent discomfort for the 

orse. The voltage applied ranged from 12 to 14 mA at the begin- 

ing of the study and was increased during subsequent adaptation 

o stimulation sessions until 13.2 to 14.2 mA at the end of the ex- 

eriment (see supplemental document). 

.3. DME Therapy 

The four horses included in this group performed the exercises 

ith the same frequency as the NMES group – 4 days per week 

uring 7 weeks for a total of 28 sessions. The mobilization exer- 

ises were baited stretches as described previously [16] , in which 

he horse was trained to move the chin to a specific position, and 

ncluded three cervical flexions (chin to chest, chin to carpi, chin 

o fore fetlocks), one cervical extension and three lateral bending 
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Image 1. Electrodes position over the epaxial muscles of NMES therapy horses. (A): lateral view; (B): caudal view. NMES, neuromuscular electrical stimulation. 

Image 2. Examples of dynamic mobilization exercises: (A): chin to carpi; (B): chin to hip. 

Image 3. Ultrasonographic image of the right multifidus m . at the level of L2. (A): initial evaluation (CSA: 7.04 cm 

2 ); (B): final evaluation (right, CSA: 8.32 cm 

2 ). CSA, 

cross-sectional area. 
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chin to girth, chin to hip, chin to hocks) exercises to the left and

ight sides, that were repeated 5 times per session ( Image 2 ). The

orse was encouraged to hold each position for 5 seconds. 

.4. Ultrasonography 

Ultrasonographic images of the left and right multifidus m. were 

cquired at 3 locations (T12, T16 and L2) at the initial and at the 

nd point of the study in order to evaluate the effect of NMES 

nd DME therapies across the length of this muscle in the back of 

he horses. After clipping and skin cleaning, ultrasonographic ex- 

mination (Toshiba Xario XG) 2 of the multifidus m. was performed 

sing a curvilinear probe ranging from 2 to 6 MHz (Toshiba PVT- 

75BT) 2 . The probe was placed perpendicular to the dorsal midline 

nd followed the skin curvature of the epaxial muscles at an angle 

f approximately 45 °. Images were captured between the cranial 

nd caudal articular processes of selected vertebrae, where the fol- 

owing structures were clearly visible: the dorsal spinous process, 

he ventral bony margin of the rib or transverse process, and the 

ateral fascial border between multifidus and longissimus dors i m. 

 Image 3 ). 
2 Toshiba, Diagnostic Ultrasound System, Japan. 

m

C

t

3 
Three ultrasonographic images were acquired at each location 

n the left and right sides. Multifidus m . cross sectional area (CSA) 

easurement was performed using the software on the ultrasound 

achine (Toshiba Xario SSA-660A v. 5.0 0 ∗R0 03). Three measure- 

ents for each image were registered by an experienced ultrasono- 

rapher who was blinded to horse, spinal level and time period. 

.5. Data Analysis 

Categorical variables were presented as percentages. For con- 

inuous variables, data distribution normality was evaluated with 

he Kolmogorov-Smirnov test. Continuous data were presented 

s mean (standard deviation, SD) or median (interquartile range 

IQR]). 

A t-paired test was performed to determinate the change be- 

ween initial and final CSA of the multifidus m . in both treatments, 

ivided by localization and side. The variation in muscle size was 

efined as a percentage by the following formula: [final CSA media 

initial CSA media)/final CSA media] ∗ 100. 

The three measures of the CSA of the multifidus m . performed 

t each anatomical landmark were used to calculate the arith- 

etic mean. An intraclass correlation coefficient was calculate with 

I95% to determinate the reliability. To assess the quantitative es- 

imation a Feiss’ kappa scale was used. 
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Table 1 

Cross-sectional area (CSA) of the multifidus m. (mean ± SD) before 

(initial evaluation) and after (final evaluation) performing neuromus- 

cular electrical stimulation (NMES group) and dynamic mobilization 

exercises (DME group) for 7 weeks. 

Treatment Initial Final Increase 

(%) 

P 

Mean SD Mean SD 

NMES 10.45 2.32 12.84 3.20 18.65 < .001 

DME 8.80 1.14 10.17 1.82 13.41 < .001 

Table 2 

Cross-sectional area (CSA) of the multifidus m. (mean ± SD) before 

(initial evaluation) and after (final evaluation) performing neuromus- 

cular electrical stimulation (NMES group) for 7 weeks. 

NMES Initial Final Increase 

(%) 

P 

Mean SD Mean SD 

Localization 

T12 9.98 2.39 13.23 4.02 24.61 .005 

T16 11.09 2.43 12.20 2.73 9.13 .131 

L2 10.28 2.31 13.09 3.06 21.50 .014 

Side 

Left 10.46 2.19 13.03 3.13 19.77 .003 

Right 10.44 2.55 12.65 3.40 17.50 .009 

Table 3 

Cross-sectional area (CSA) of the multifidus m. (mean ± SD) before 

(initial evaluation) and after (final evaluation) performing dynamic 

mobilization exercises (DME group) for 7 weeks. 

DME Initial Final Increase 

(%) 

P 

Mean SD Mean SD 

Localization 

T12 9.39 0.70 10.75 1.39 12.67 .012 

T16 9.28 0.95 9.96 1.56 6.82 .161 

L2 7.74 0.97 9.79 2.43 20.92 .025 

Side 

Left 8.81 1.21 10.33 1.66 14.71 .002 

Right 8.80 1.12 10.00 2.03 12.06 .042 
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Assumptions of normality and homoscedasticity were checked. 

he level of significance was set at P < .050 for all comparisons. 

BM SPSS. 20 for Windows version 10 was used for data analysis. 

. Results 

The multifidus m. CSA was measured, either at the start of the 

ME and NMES therapy and after the end of both treatments, to 

ssess the change over the duration of the two treatments types. 

he intraclass correlation coefficient (IC) was 0.98 (95% IC 0.97–

.99; P < .001), what was defined in substantial agreement accord- 

ng to Fleiss’ kappa scale. There were no missing data. 

The multifidus m. area was increased after treatments in both 

roups, from an average CSA of 10.45 ± 2.32 to 12.84 ± 3.20 cm 

2 

mean ± SD) in the NMES group and from 8.80 ± 1.14 to 10.17 

1.82 cm 

2 (mean ± SD) after the DME therapy. These data rep- 

esented an increase of 18.65% and 13.41% of the muscle size af- 

er NMES and DME treatments, respectively. Significant increases 

 P < .001) of the multifidus m. CSA between the initial and the 

nal treatment periods, both in NMES and DME, were obtained 

 Table 1 ). 

A significant increase in CSA was detected at the right and left 

ides of T12 and L2 ( P < .05) in both treatments ( Tables 2 and 3 ). 

. Discussion 

This is the first report, to the best of our knowledge, that 

ompares the efficacy of NMES and DME in increasing the cross- 
4 
ectional area of the multifidus m. in horses. Our results indicate 

hat both treatments induce an increase in the area of the mul- 

ifidus m. when applied for a 7-week period, suggesting either a 

eturn toward a normal size in a previously atrophied muscle or 

ypertrophy of a normal muscle. Interestingly, these findings were 

ignificantly more evident in T12 and L2. Muscle CSA at T16 was 

nlarged at a lesser extent. This result might probably be influ- 

nced by the sample size, or by the presence of some occult patho- 

ogical changes not clinically evidenced. 

The findings observed with the DME group are in agreement 

ith previous reports following a 3 months mobilization therapy 

 16 , 23 ]. Nevertheless, studies in Thoroughbred horses in full racing 

raining [24] concluded that these mobilization exercises failed to 

how any improvement in the multifidus m. area when applied be- 

ond 6 weeks, suggesting that maximal potential to hypertrophy 

f multifidus m. occurs during this initial period of time. Although 

esults in our study have shown an increase in CSA at T12 and L2 

pine levels, it remains uncertain, therefore, if additional sessions 

o the completed 7 weeks could have induce greater changes in 

uscle size at T16 level when applying DME manipulation. 

Spinal flexion and extension are induced at different levels 

uring DME, as well as rotation and back movements along T6 

hought to S2, especially in exercises were the chin is moved cau- 

ally to the hip and tarsus [ 4 , 16 ]. This movement highly acti-

ates the multifidus m ., producing an extension force to balance the 

nwanted flexion. Interestingly, the highest muscle augmentation 

dentified at L2 in the DME group could indicate a greater muscu- 

ar activity required at this point, representing a reinforcement and 

trengthening of the core musculature to stabilize the horse’s back 

t this level. 

Results arisen from NMES therapy were unpredictable, as re- 

orted outcomes in human and equine research differ. Some pub- 

ications have presented conflicting information regarding the time 

eeded and the protocol used to achieve muscle hypertrophy after 

lectrostimulation. Neither a 6-weeks period of therapy in human 

atients with back pain nor 12 weeks of NMES treatment in the 

uadriceps m. of old people have achieved any clinical benefit, in- 

rease strength or muscle CSA changes [ 25 , 26 ]. Similarly, nor his-

ological or size muscle modifications were obtained in the equine 

ultifidus m. after 4 weeks of electrical treatment [22] ; moreover, 

 months of NMES training was unsuccessful to increase the thick- 

ess of the rectus abdominis m. in horses, although an improve- 

ent in muscle force and fatigue resistance measured by surface 

lectromyography was evident [27] . The reason for the lack of re- 

ponse to NMES therapy in some studies remains unidentified, 

ut it has been hypothesized that neural changes before structural 

odifications and muscle hypertrophy could occur [28] ; hence, 

onger treatments could be needed to produce these adaptations. 

therwise, there is also a considerable divergence between patient 

eatures, muscle groups stimulated, number of NMES sessions per- 

ormed and current parameters used in the published literature, so 

esults are difficult to be homogenized. 

In both humans and horses, the muscles involved in the spine 

tabilization have a high content of type I fiber and muscle spin- 

les, indicative of their complex role in neuromotor control. In 

orses, the multifidus fiber composition can slightly vary across 

reeds, but it appears to have an equal proportion of I and 

IA fibers, indicating that it could have a role both in locomo- 

ion and spinal stabilization [ 29 , 30 ]. We were not able to distin-

uish if changes in the multifidus m . obtained in our investigation 

ere related to any histological or fiber modification, since mus- 

le biopsies were not performed during the experiment. Besides 

his, there is scarce knowledge on the effects of DME and NMES in 

orses at the single muscle fiber level. Few studies have intended 

o clarify this issue in horses [ 22 , 31 ] and people [32–34] . The

ecruitment pattern of activation of motor units under NMES 
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[

[  
timulation is quite different from the ‘‘ size principle ’’ voluntary 

ontraction [35] . Activation of fast and slow motor units (force- 

roducing type II and type I muscle fibers, respectively) occurs 

ynchronously during NMES therapy. The main consequence of this 

s the magnified metabolic cost, which could provoke greater and 

arlier onset of muscle fatigue [21] . This feature needs special con- 

iderations when applying this therapy to muscles with a great 

roportion of fast glycolytic II fibers [ 19 , 36 ]. 

Optimal NMES dosages and treatment characteristics for reduc- 

ng muscle tension are still being identified. To maximize the effect 

f this therapy, it is strongly recommended to use biphasic rectan- 

ular pulses of short pulse duration to avoid fatigue [21] , delivered 

t a stimulation frequency of 50 to 100 Hz [37] , and at the highest

olerated current intensity [38] . However, longer pulse durations 

re advised when the anatomic structure to be stimulated is cov- 

red by the skin and subcutaneous fat tissue, as multifidus m. is 

 39 , 40 ]. The selected current protocol used in this study included

hese considerations and was set in order to generate the highest 

uscle workload, without causing serious discomfort to the pa- 

ient. Skin irritation during NMES therapy has been described as 

imilarly occurs with transcutaneous electrical nerve stimulation 

TENS) [17] . We didn’t find any apparent complaint during NMES 

reatment in any patient, and in general terms, it was well toler- 

ted by horses. 

The findings of this research have to be seen in light of some 

imitations. The first is the lack of a control group. Horses included 

n this study were turned out in a small paddock for 12 hours 

aily, however non were handwalked or received dedicated exer- 

ise. Although we assumed that their physical activity was insuffi- 

ient to cause significant changes to multifidus m CSA, it would be 

dvisable to include a control group to evaluate this effect in future 

nvestigations. The second limitation concerns the sample size. Sig- 

ificant T16 changes could have emerged with a larger sample of 

orses. However, pathology in the spine (i.e. spinous process im- 

ingement or articular facet remodeling) was not investigated in 

ur equine population. Even in the absence of clinical evidence of 

ack pain, pathologic change at T16 might have been a substan- 

ial consideration and could explain the lack of significant findings 

t this spine level. Nevertheless, despite the small population size, 

ignificant change in the multifidus m. was observed at T12 and L2, 

nformation which is useful for clinical practitioners. 

. Conclusions 

In conclusion, our results suggest that a 7-week period of dy- 

amic mobilization exercises and neuromuscular electrical stimu- 

ation are useful to increase CSA of the multifidus m. in horses, 

nd hence, to improve the spine stabilization. These two thera- 

ies could be combined and implemented in conjunction during 

 back-rehabilitation program to ensure an optimal outcome or as 

n additional tool to enhance performance in horses. 
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