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Abstract 
Background: In horses, therapeutic ultrasound has been shown to be benefi-
cial for suspensory ligament injuries, and more generally to stimulate tissue 
repair and reduce localized pain. However, it has yet to be examined in rela-
tion to soft tissue injuries sustained during competition or in connection with 
rider/saddle interactions. Aim: The aim of the present study was to examine 
the efficacy of topical low-frequency therapeutic ultrasound on the shoulder 
muscles of injured horses. Methods: Muscle mass and cellular health was as-
sessed for M. trapezius using non-invasive multi-frequency bioimpedance, 
and dynamic improvements in M. trapezius and M. latissimus dorsi were 
examined using acoustic myography (AMG). A total of 8 injured horses 
(painful to palpation and atrophied) were treated using an EQ Pro Therapy 
unit, following a set protocol that comprised treatment every other day for 10 
treatments. Pre-treatment values were then compared with post-treatment 
measurements (1 & 6 months later). Results: The mfBIA results for M. trape-
zius showed a significant improvement (P < 0.05) of EQ Pro Therapy treat-
ment for the membrane capacitance (Mc) and phase angle (PA) parameters 
when comparing the Pre vs Post 1 and Post 1 vs Post 2 measurements. Similar 
improvements were seen for the AMG measurements for M. trapezius and M. 
latissimus dorsi where statistically significant improvements in the muscle ef-
ficiency (E-score) and temporal summation (T-score) as well as the spatial 
summation (S-score) and mean of the ST-scores were noted (P < 0.05 to P < 
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0.01). Conclusion: The present findings suggest that EQ Pro Therapy treat-
ment is efficacious in terms of equine cases involving soft tissue shoulder 
muscle injuries (painful to palpation and atrophied). The main improvements 
noted were not only increased muscle mass and cellular health but also im-
proved force production, better coordination, and lateral balance, which per-
sisted for at least six months after treatment. 
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1. Introduction 

It has been reported that injuries to the skeletal and muscular systems of horses 
remain the primary reason for them being euthanized [1]. Indeed, a Swedish 
study of 8281 horses, assessed over a period of 22 years, revealed that 11% had 
flexion test issues relating to the forelimb region, and of those cases with a posi-
tive palpatory orthopaedic examination, 57% were identified as relating to the 
shoulder muscles [1]. More recently it has been reported that the degree of 
loading to the back of horses affects their movement mechanics [2]. Wilk and 
colleagues [2] used thermal imaging to show that loading significantly increased 
the superficial temperature of the front of trunk (shoulder muscles) region 
compared with values at rest, a region that not only bears a proportion of the 
rider’s weight but is also important for saddle contact and fit. Of course, a saddle 
should not only ensure a rider’s safety and comfort, it should also facilitate an 
even distribution of pressure to the horse’s shoulders and back [3]. Thus, a sad-
dle that is a poor fit for a horse causes instability in the rhythmic motion of the 
horse’s back as well as its range of motion [4], ultimately translating into health 
and lameness issues in the back and limbs [2].  

Therapeutic ultrasound is a commonly used treatment for a variety of condi-
tions, ranging from pain management, oedema, muscle spasms, and tissue repair 
[5]. Recently, it was shown that low-frequency therapeutic ultrasound (38 kHz), 
was effective as a form of treatment for horses with suspensory ligament injury 
[6]. Thus, since this mode of treatment is non-invasive and comprises simple 
massaging of an injured area in combination with a traditional ultrasound gel, 
we were interested to establish whether it could be used as part of a rehabilita-
tion program for horses with the muscular shoulder injury.  

The present study has therefore assessed any benefits of topical low-frequency 
therapeutic ultrasound on the shoulder muscles of horses, as assessed by the 
static measurement of multi-frequency bioimpedance (mfBIA) and the dynamic 
measurement of acoustic myography (AMG) for muscle function monitoring [7] 
[8]. The hypothesis was that improvements in both mfBIA and AMG parame-
ters, indicative of cellular health and muscle function, would occur with low- 
frequency therapeutic ultrasound treatment in the shoulder muscle of injured 
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horses.  

2. Materials & Methods 
2.1. Ethics 

The study was carried out in accordance with the Helsinki Declaration. The 
owners of the horses used, gave their informed consent prior to the start of this 
study. In addition, this study was entirely non-invasive in its nature, and full 
ethical approval was gained from Copenhagen University Department of Patho-
biological Sciences, Faculty of Health & Medical Sciences before the start of the 
trial. 

2.2. Subjects 

Ten subjects were recruited for the present study (Isbell DVM; Livermore, USA). 
Of the 10 that started the trial, two horses died of unrelated causes before the 
post treatment measurements could be taken (1 horse died of colic, 1 horse was 
euthanized after a fence injury that destroyed the hock ligaments), so a final total 
of 8 horses were included in the data set. The average age of the horses in this 
study was 14.3 years, which included 3 Thoroughbreds, 1 Arabian and 4 Warm-
bloods. Of the 8 horses, seven of them were geldings. The inclusion criteria were 
the following; horses that were being rested, had a large turn-out area so that ex-
ercise would not be a factor in muscle change, and had muscles that were both 
mildly painful to palpation and atrophied. All the horses were evaluated through 
manual palpation of the muscle region, as well as a complete physical and lame-
ness evaluation by a qualified and experienced veterinarian (DI) and any horses 
exhibiting severe pain responses were excluded from the study. A severe pain 
response was assessed in accordance with the published grimace scale [9]. 

2.3. Experimental Protocol 

The protocol adopted in this study was to identify muscles that are often painful 
to palpation and atrophied. These are often muscles at the shoulders, or along 
the back that can be injured during exercise, perhaps as a result of an ill-fitting 
saddle. The plan was then to measure the state of the trapezius muscle both stat-
ically and dynamically before treatment, and at two set times post treatment 
(Post 1 and Post 2). Post 1 measurements were undertaken 1 month after the 
start of treatment, and Post 2 measurements were undertaken 6 months after 
treatment start. In between these two, post treatment time points the horses were 
not actively exercised but were simply allowed out to pasture on a daily basis. 

2.4. mfBIA 

Multi-frequency Bioimpedance (mfBIA; ImpediVET BIS 1, Pinkenba, Australia) 
was used to assess the shoulder muscle trapezius (cervical) in a static state. In 
brief, this technique relies on the application of an alternating low-level current 
which is sent through the muscle of interest, whilst the voltage is measured 
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across the same site. Using Ohm’s law it is then possible to measure the cellular 
mass and health of the tissue and with the aid of different frequencies, to assess 
not only the intracellular resistance (Ri) but also the centre frequency (fc), 
membrane capacitance (Mc) and overall level of tissue health using the phase 
angle (PA). For some reference equine muscle values and more details about 
mfBIA see Harrison and colleagues [7]. 

2.5. Acoustic Myography 

Acoustic myography (AMG) is a biomechanical method that measures the pres-
sure waves generated by active muscle contractions [8]. AMG recordings were 
carried out for the muscles trapezius and latissimus dorsi (the later selected for 
its role in shoulder flexion and limb retraction) with a CURO unit and CURO 
sensors (CURO-Diagnostics ApS, Denmark; formerly MyoDynamikApS) and 
followed in real time on an iPad Air (Apple Inc, Cupertino, CA, USA) via the 
App “CURO Equine” and a specialized data recording system. This allowed us to 
see the actual recordings while the horses were physically active. We used 20 mm 
sensors with a frequency recording range of 0.5 - 20 ± 0.5 kHz, and the sampling 
rate was 4 kHz. Recorded data was stored to the CURO Unit and after comple-
tion of measurements transferred to the CURO software  
(https://app.myodynamik.com).  

In brief, ultrasound-gel coated sensors were placed centrally on the muscles of 
interest, connecting cables were run from the sensors and connected to the 
CURO unit which was placed in a pouch mounted on a surcingle fastened to the 
horses. The sensors and the wires from the sensors were secured with a flexible 
adhesive bandage (Snøgg AS; Norway).  

The AMG signal comprises three components: 1) efficiency (E-score) 2) tem-
poral fibre recruitment (T-score) and 3) spatial fibre recruitment (S-score), cal-
culated using the CURO software [8] [10].  

As an example, the S-score was determined as the signal amplitude in relation 
to a full 6 dB signal (measured as approx. 1 V). For more intuitive assessment of 
optimal muscle function, a scale of 0 - 10 was adopted, where 0 was considered 
as 0% optimal and 10 was considered 100% optimal. To calculate the score, the 
measured mV amplitude was subtracted from the maximal mV amplitude that 
could be accurately detected. The difference was then divided by the maximal 
amplitude and multiplied by 10 to yield a 0 - 10 scoring system. By way of an 
example, an S-score of 8 represents a signal with a very small amplitude (approx. 
0.3 V), whereas an S-score of 1 represents a relatively large amplitude signal 
(approx. 0.7 V). The T- and E-score were calculated in a similar way to their full 
signal to give a score scale from 0 - 10, where 0 is full activity and 10 is no activi-
ty. For further details see Harrison [8]. 

2.6. Exercise 

For the dynamic assessment of muscle function involving AMG, horses were 
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walked in a straight line for approx. 2 mins thereafter they were trotted, also in a 
straight line, for a further approx. 2 mins. The exercise took place on an even, 
firm surface, and was the same for all the horses measured in this study.  

2.7. Low Frequency Ultrasound 

The device used for low-frequency ultrasound therapeutic treatments was an EQ 
Pro (EQ Veterinary, Daytona Beach, Florida USA; http://www.eqveterinary.com). 
This device produces a low-frequency therapeutic ultrasound, which operates at 
38 kHz (±2 kHz). The unit comes with six different color-coded transducers, 
featuring continuous and pulsed emission and with different transducer shapes 
to allow treatment of different musculoskeletal pathologies (for details see: 
http://www.eqveterinary.com) [6]. 

2.8. Treatment 

The two advantages of using low-frequency therapeutic US versus high frequen-
cy US are increased intensity of induced acoustic effects and depth of penetra-
tion. A hand-held transducer of the type “RED” was used for the treatment re-
gions. The “RED” transducer features a flat head and continuous emission and 
generates acoustic effects and thermal effects: it is ideal to treat large and flat 
areas and when heat is the desired effect (see Figure 1).  

EQ Pro therapy does not require horses to be sedated or treatment areas to be 
shaved, only that they are cleaned with water and left wet so as to facilitate the 
EQ Pro transduction. US-specific gel was applied to both the contact surface of 
the EQ Pro transducer and directly to the treatment area. This was done so as to 
further facilitate penetration, but also to assist the transducer head to smoothly 
glide over the treatment area. Subsequent applications of US gel were made 
when it was felt that insufficient gel was present at the treatment site. The power 
output was set to 80% - 100% and a treatment time of 10 minutes was used, with 
the transducer being constantly moved over the hair and skin surface, equivalent  
 

 
Figure 1. A photograph taken during treatment of the hand-held transducer of the type 
“RED” in place on the cervical region of the shoulder muscle trapezius. 
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to an area of approx. 21 × 27 cm. Treatment was performed by massaging the 
selected area of the horse applying slight pressure and maintaining the US 
transducer in direct contact with horse’s gel enriched hair. This treatment pro-
tocol was repeated every other day for 10 treatments. For details concerning the 
heads and treatment protocols see (http://www.eqveterinary.com) [6]. 

2.9. Statistics 

All statistics were performed using GraphPad InStat 3 for Mac (Version 3.0b, 
2003; Graph- Pad Inc., La Jolla, CA). Data were initially tested for normal dis-
tribution and equal variance, and then subsequently analyzed using a t-test. Dif-
ferences between means with a P value > 0.05 were considered non-significant. 
Values are presented as the mean ± the standard error of the mean. 

3. Results 

mfBIA. The mfBIA data for M. trapezius can be found in Figure 2. Whilst there 
was a tendency for the Ri parameter to decline over time, this was not significant 
due to a large variation in the data set. However, both the right-hand side M. 
trapezius Mc and PA parameters were found to be significantly improved (P < 
0.05) when comparing the Pre vs Post 1 and Post1 vs Post 2 values. No signifi-
cant changes in the mfBIA parameters were noted for the left-hand side of this 
muscle group although similar tendencies to those for the right-hand side were 
seen. 

 

 
Figure 2. mfBIA data for the shoulder muscle trapezius taken prior to the start of treatment, after treatment (Post 1) and after 
treatment (Post 2) for both the left- and right-hand sides of the horses. Values are presented as the mean ± SD of n = 8. Statisti-
cally significant differences between means are denoted by a line and a * = P < 0.05. 
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AMG. The AMG data for M. trapezius and M. latissimus dorsi can be found 
in Table 1, Table 2 and Table 3, Table 4. For M. trapezius at the walk, there was 
a statistically significant improvement in the E and T-scores for the left-side, and 
for the E, S and ST-scores for the right-side between the Pre and Post 2 meas-
urements (P < 0.05 to P < 0.01). 

 
Table 1. M. trapezius AMG E, S and T-scores as well as the mean ST-score at the walk for the left- and right-sides of the horses 
measured in this study. * = P < 0.05 and ** = P < 0.01. 

Walk 
Left side  Right side 

E S T ST  E S T ST 

Pre 1.7 ± 1.1 6.8 ± 1.7 5.2 ± 2.1 6.0 ± 1.8 2.7 ± 2.5 6.7 ± 2.5 4.8 ± 2.3 5.7 ± 1.6 

Post 1 3.9 ± 3.4 6.4 ± 2.9 7.1 ± 1.2 6.7 ± 1.5 5.0 ± 3.5 7.1 ± 1.5 6.8 ± 1.9 6.9 ± 1.4 

Post 2 5.6 ± 3.2** 7.3 ± 1.5 7.3 ± 2.2* 7.3 ± 1.7 5.9 ± 3.3* 7.3 ± 2.0 7.0 ± 1.8* 7.2 ± 1.6* 

 
Table 2. M. trapezius AMG E, S and T-scores as well as the mean ST-score at the trot for the left- and right-sides of the horses 
measured in this study. ** = P < 0.01. 

Trot 
Left side  Right side 

E S T ST  E S T ST 

Pre 0.2 ± 0.1 2.6 ± 1.7 6.1 ± 2.5 4.4 ± 1.8 0.8 ± 0.8 4.1 ± 1.8 6.8 ± 2.1 5.5 ± 1.2 

Post 1 1.1 ± 1.6 3.5 ± 3.5 7.4 ± 1.1 5.5 ± 1.8 0.9 ± 2.8 4.3 ± 2.9 7.8 ± 1.7 6.0 ± 1.3 

Post 2 1.8 ± 1.8** 3.3 ± 2.9 7.7 ± 0.5 5.5 ± 1.6 1.4 ± 2.1 2.9 ± 3.6 7.6 ± 0.9 5.6 ± 2.1 

 
Table 3. M. latissimus dorsi AMG E, S and T-scores as well as the mean ST-score at the walk for the left- and right-sides of the 
horses measured in this study. * = P < 0.05. 

Walk 
Left side  Right side 

E S T ST  E S T ST 

Pre 6.0 ± 3.2 8.6 ± 0.7 6.7 ± 1.7 7.6 ± 1.2 6.8 ± 2.7 9.0 ± 0.2 8.3 ± 1.1 8.7 ± 0.6 

Post 1 6.9 ± 2.2* 8.7 ± 0.8 8.4 ± 1.1 8.6 ± 0.8 8.3 ± 1.6* 8.9 ± 0.8 8.7 ± 1.5* 8.7 ± 0.7 

Post 2 4.7 ± 3.6 7.7 ± 1.8 7.6 ± 1.5 7.7 ± 1.5 5.7 ± 3.6* 7.6 ± 1.8* 6.9 ± 2.8* 7.2 ± 2.0* 

 
Table 4. M. latissimus dorsi AMG E, S and T-scores as well as the mean ST-score at the trot for the left- and right-sides of the 
horses measured in this study. * = P < 0.05 and ** = P < 0.01. 

Trot 
Left side  Right side 

E S T ST  E S T ST 

Pre 1.1 ± 0.8 5.4 ± 2.8 6.3 ± 2.2 5.9 ± 1.8 4.2 ± 2.7 7.9 ± 1.2 7.4 ± 2.5 7.7 ± 1.4 

Post 1 3.2 ± 3.3 7.2 ± 1.6* 8.2 ± 1.0 7.7 ± 1.1** 6.2 ± 2.7 8.0 ± 0.8 8.5 ± 1.4 8.3 ± 0.7* 

Post 2 2.7 ± 3.6 4.1 ± 2.9 8.1 ± 1.0* 6.1 ± 1.7 4.3 ± 3.2 5.6 ± 3.2* 8.5 ± 1.1 7.0 ± 2.1* 
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For M. trapezius at the trot, there was a statistically significant improvement 
in the E-score only for the left-side between the Pre and Post 2 measurements (P 
< 0.01). 

For M. latissimus dorsi at the walk, there was a statistically significant im-
provement in the E-score for the left-side between the Pre and Post 1 measure-
ment only (P < 0.05), and for the E and T-scores for the right-side between the 
Pre and Post 1 (P < 0.05) yet an impaired E, S, T and ST-score for the Pre vs Post 
2 measurements (P < 0.05). 

For M. latissimus dorsi at the trot, there was a statistically significant im-
provement in the S and ST-scores between Pre and Post1 measurements for the 
left-side (P < 0.05 and P < 0.01) and an improvement in the T-score between the 
Pre and Post 2 measurement only (P < 0.05). For the right side, a statistically 
significant improvement in the ST-score (P < 0.05) was found between the Pre 
and Post 1 measurements, and for the S and ST-scores an impaired S and 
ST-score for the Pre vs Post 2 measurements (P < 0.05). 

The balance scores for M. trapezius at the walk were 0.5 ± 7.0 Pre and 1.7 ± 
9.2 and 1.6 ± 4.2 for Post 1 and Post 2, respectively. For M. trapezius at the trot 
the balance scores were 2.8 ± 3.1 Pre and 2.9 ± 6.5 and 1.4 ± 6.5 for Post 1 and 
Post 2, respectively. 

The balance scores for M. latissimus dorsi at the walk were 2.8 ± 6.2 Pre and 
1.6 ± 4.2 and 0.5 ± 9.8 for Post 1 and Post 2, respectively. For M. latissimus dorsi 
at the trot the balance scores were 6.6 ± 7.7 Pre and 3.4 ± 5.4 and 2.9 ± 7.7 for 
Post 1 and Post 2, respectively. 

The mfBIA findings lend support to the AMG data for the shoulder muscle M. 
trapezius at the walk, where not only does the E- and T-score improve signifi-
cantly with treatment, but also the ST-score on the right-hand side significantly 
improves, indicating more force production, complying with the significant in-
crease in the PA parameter for this muscle and side of the horses. At the trot, 
this muscle group was found to work very evenly (right vs left side) with regard 
to the acoustic myography parameters. 

4. Discussion 

This study is the first to examine the effect of low-frequency ultrasound thera-
peutic treatment on the M. trapezius and M. latissimus dorsi of horses, assessing 
any changes in static as well as dynamic muscle properties.  

The mfBIA data for the shoulder muscle M. trapezius reveals a significant im-
provement in the Mc and PA parameters for the right-hand side of the horses 
after treatment compared with the pre-treatment values. Membrane capacitance 
(Mc) defines the status of the muscle fibre membrane potential, and as such it 
illustrates a combination of fibre health and transport status of the membrane. 
However, it is also very much related to the thickness of the cell membrane [11] 
[12] [13]. The phase angle (PA) has been used as a means of assessing changes in 
an individual’s body mass, representing as it does a ratio of R and Xc [11] [14]. 
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What the EQ Pro ultrasound therapy indicates, therefore, is an improvement in 
not only the mass of the right-hand side shoulder muscles but also its cellular 
health. In fact, the results show that the right-hand side M. trapezius has a lower 
Mc and PA at the start of the study and becomes more even after EQ Pro Ther-
apy treatment.  

For M. latissimus dorsi, at the walk there was an initial imbalance in the 
acoustic myography signals such that the left-hand side appeared to work more 
(lower scores), but this imbalance was resolved with EQ Pro Therapy ultrasound 
treatment such that both sides worked with very similar scores. A similar finding 
of an imbalance in the AMG scores was found pre-treatment for this muscle at 
the trot, and after treatment a more balanced set of scores was measured, with 
the right-hand side engaging and working more than it did pre-treatment.  

Similar changes in mfBIA values have been documented after treatment of 
another kind (myofascial release), with some myofascial groups improving im-
mediately with treatment, and others worsening temporarily, before also finally 
improving after a number of hours (24 - 48) [15]. Indeed, this form of compen-
sation over time to treatment reported by Elbrønd and colleagues [15] is a wide-
ly known phenomenon. Likewise, in the present study, the data suggest that for 
the horses measured there was a tendency based on the pre-treatment values for 
the horses to slightly overuse their left-hand side M. trapezius and M. latissimus 
dorsi muscles at the walk and trot.  

In terms of limitations, this study should be seen as a preliminary investiga-
tion as there are relatively few horses measured, and they were not recruited 
with identical, or indeed symmetrically diagnosed symptoms. Another limitation 
might also be a lack of a control group for this study. Horses were selected based 
on them having muscles that were mildly painful to palpation and atrophied. 
There is now a need, therefore, for a more carefully planned study to confirm 
and further investigate these interesting findings. With regards to the AMG data, 
which show a degree of variation, a great deal of this is most likely associated 
with treatment-related compensation, as explained earlier [15], particularly since 
such compensation changes are very much related to the underlying issues of the 
individual subjects. However, the role, if any, of massage as a result of treatment, 
cannot be ignored as a contributing factor in this case. Yet despite all of these 
issues, this study indicates that with EQ Pro Therapy ultrasound treatment the 
initial muscle imbalance disappeared, both in terms of the static mfBIA mea-
surements and also in terms of the dynamic acoustic myography recordings. 
Furthermore, since Post 2 measurements were taken 5 months and 10 days after 
treatment ended, one might suggest that EQ Pro Therapy ultrasound effects are 
not only temporary and analgesic, but of a longer duration. 

5. Conclusion 

It is concluded that EQ Pro Therapy ultrasound treatment appears to have a 
lasting beneficial effect on soft tissue shoulder muscles both in terms of their 
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mfBIA parameters and their dynamic AMG measurements. These preliminary 
results suggest improvements in muscle mass, cellular health, and improved 
force production, better coordination, and improved lateral balance, although a 
more detailed study is now needed. EQ Pro Therapy ultrasound treatment may 
be a promising means of treating injured shoulder muscles in horses.  
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