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Abstract

BACKGROUND: Equine superficial digital flexor (SDF) tendonitis is a very common cause of lameness in athletic horses
inducing long lameness and prolonged recovery. Multiple treatment protocols have been proposed for this injury none of
which have been able to solve the problem completely. Therefore, an affordable, widely available, and non-invasive thera-
peutic protocol is sought in the horse industry.

OBJECTIVES: The present study aimed to compare the use of topical dimethyl sulfoxide (DMSO) with a combination
of topical DMSO and pulsed electromagnetic field (PEMF).

METHODS: The subjects were divided into two groups of five polo ponies. The animals in the control group were treated
by topical DMSO and controlled exercise, while the ponies in the experiment group received the same protocol plus PEMF
on the injured tendon.

RESULTS: The ultrasonographic factors evaluated in the current study were mostly similar between the two groups
except for fiber alignment and echogenicity. The latter variables were shown to have a slightly better improvement in the
test group indicating the minimal positive effects of PEMF. In clinical evaluation, both groups were almost identical sug-
gesting no impacts for PEMF.

CONCLUSIONS: In conclusion, applying PEMF using different protocols, such as more extended application at differ-
ent frequencies is deemed necessary to elicit a favorable outcome of PEMF for the treatment of SDF tendonitis.
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Introduction

The equine superficial digital flexor tendon sensitive to injury as it bears extreme forces un-
(SDFT) is a weight-bearing elastic structure der exercise (Thorpe et al., 2010). The inflame-
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mation of this structure, which is a common
treatment challenge, is called SDF tendonitis
causing long episodes of lameness (Tipton et
al.,2013). The pathophysiology of this injury is
not fully understood yet; however, the assort-
ments of treatment strategies are applied by
equine practitioners worldwide. Although heal-
ing takes place in most patients, few are able to
continue their athletic careers without the recur-
rence of injury (Patterson-Kane and Rich,
2014). The treatment strategies are basically di-
vided into medical and surgical approaches
(Dyson, 2004; Witte et al., 2016). Among med-
ical treatments are stall rest with progressive
rehabilitation programs, using mesenchymal
stem cells, implanting pla-telet concentrates,
applying topical dimethyl sulfoxide (DMSO),
magnet therapy, and plenty of other treatment
methods (Gibson et al., 1997; Geburek et al.,
2017; Russell et al., 2016; Durgam et al., 2016;
Ortved, 2018). Tendon splitting and superior
check desmotomy are assumed as two surgical
treatments for this problem (Gibson et al.,
1997). It is obvious that practitioners and
equestrians seek novel treatment strategies that
are inexpensive, widely available, and most im-
portantly minimally invasive.

DMSO, known as a water-soluble, osmoti-
cally active organic solvent, was discovered in
the nineteenth century. The pain relief charac-
teristics of this agent were first noted in the
treatment of human arthritis (Elisia et al.,
2016). DMSO was approved to be used topi-
cally in equine medicine for acute traumatic
swelling and inflammation (Santos et al.,
2003). DMSO is an inexpensive, readily avail-
able compound, which could be applied on a
bowed tendon for pain control resulting in de-
creased inflammation and enhanced comfort in
the patient. All these qualities attributed to
DMSO make it an attractive choice for the
medical management of SDF tendonitis.

Pulsed electromagnetic fields (PEMFs) are
traditionally known to be effective in the man-
agement of musculoskeletal problems
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refractory to conventional medical treatments
in humans and animals (Vavken et al., 2009,
Huegel ef al., 2018). Even though its mecha-
nism of action is still partially elusive, PEMF
has been successfully applied in the treatment
of delayed or non-union fractures, osteoporo-
sis, and failed arthrodesis (Trock et al., 2003;
Markov, 2007b; Tucker et al.,2017). Moreover,
PEMEF was shown to be influential in the treat-
ment of soft tissue injuries, such as tendon
laceration, rotator cuff tendonitis in humans,
and wounds in diabetic rats (Goudarzi, et al.,
2010; Greenough, 1996; Trock et al., 2003).
The PEMF is also known to improve vascular-
ity, peripheral nerve regeneration, and
angiogenesis (Trock et al., 2003). The PEMF is
applied to the affected body part as a custom-
ized body brace with a device generating
electromagnetic field at a given frequency
(Trock et al., 2003).

The present study aimed to compare topical
DMSO with a combination of topical DMSO
plus electromagnetic field. Being non-invasive
and relatively inexpensive, both DMSO and
PEMF therapy are the existing options for the
treatment of SDF tendonitis in the horse. There-
fore, the authors tried to find out whether
PEMF can be an effective supplement to topi-
cal DMSO in the treatment of an extremely
common cause of lameness in the horse.

Materials and Methods

Subjects

Ten adult athletic horses of polo sport already
diagnosed with SDF tendonitis by practitioners
were chosen for this study. The horses aged 4-
18 years with a mean age of 10 years and
weighed approximately 350-450 kg. They were
kept in individual stalls for the whole period of
study with free access to water and were fed a
balanced ratio consisting of concentrate and al-
falfa hay (Dehghan et al., 2007). During the
study, the horses were only hand walked for 30
min daily and were not ridden.
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Diagnosis

The SDF tendonitis was suspected primarily
by observing the bowed tendon. Afterwards,
the injury was confirmed ultrasonographically
and the core lesions were identified in tendons
(Dyson, 2004).

Ultrasonography

In ultrasonographic evaluation, three factors
of fiber alignment, echogenicity, and core le-
sion to cross-sectional area (CSA) ratio (CSA
of the core lesion divided by the CSA of the
SDFT at maximum injury zone) were measured
at the maximum injury zone (MIZ). The MIZ
was located at the first ultrasonographic study
and its distance from the accessory carpal bone
was measured and recorded for each horse
(Dehghan et al., 2007).

The ultrasonographic evaluation was per-
formed wusing a Sonosite Micromaxx
Ultrasound Machine with a 10-13 MHz trans-
ducer. Each horse was sedated with 15 mg of
acepromazine maleate prior to examination.
The palmar surface of the affected limb was
clipped, washed with water, and cleansed with
alcohol before applying the coupling gel to be
prepared for the examination. Factors studied
in the ultrasonographic exam were measured
and recorded at the MIZ (Dehghan et al., 2007).

Fiber alignment was measured based on a
scale of 0-3 in which 0, 1, 2, and 3 were 76%-
100%, 51%-75%, 26%-50%, and 0%-25% of
fibers parallel, respectively (Rantanen et al.,
2011). Echogenicity was defined according to a
scale of 0-3, in which 0 is normal or near-nor-
mal echogenicity, 1 represents that 25%-50%
of the area has lost echogenicity, 2 refers to
50% echoic and 50% anechoic areas, and 3
means mostly to completely anechoic
(Rantanen et al., 2011). The core lesion to CSA
ratio was calculated by dividing the surface
area of the core lesion by the surface area of the
tendon at the MIZ (Dehghan et al., 2007; Dy-
son, 2004). All the sonographic evaluations
were carried out on days 1, 21, and 60.
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Clinical Evaluation

Horses were clinically evaluated using two
factors of lameness and the combination of
pain, swelling, and heat on the affected area by
a Visual Analogue Scale (VAS). Lameness was
assessed on a scale of 0-5 as suggested by the
American Association of Equine Practitioners
(O=sound and 5=nonweight-bearing) and VAS
was determined as O=absent swelling and re-
sponse to touch and 10=severe swelling and
response to touch. Clinical evaluations were
carried out on days 1, 21, and 60.

Experimental Design

The ten horses were blindly allocated to two
groups with five subjects in each group. In ad-
dition to stall rest and daily controlled hand
walk, the first group received 10 ml of topical
DMSO gel (90% DMSO supplied by TULSA,
OK 74116) on the bowed tendon rubbed for 5
min. As a common practice among practition-
ers in Iran, DMSO gel was carried on for four
successive days.

The second group received DMSO treatment
identical to the first group plus magnet therapy
as follows: horses in the magnet group received
a PEMF of 600 Gauss at a frequency of 50 Hz
on their affected metacarpal region as episodes
of 60 min daily continued for seven days (Alra-
shid, 2011; Rantanen et al., 2011). Moreover, it
should be mentioned that the inclusion of a con-
trol group (affected horses receiving no
treatment) was both unethical and unfeasible as
all the affected horses included in this study
were clinical cases with owners expecting
proper treatment.

Customized Magnet

For the treatment of the magnet group, a cus-
tomized electromagnet capable of producing
600 Gauss of PEMF at a frequency of 50 Hz
was engineered and devised (Hart, 2018;
Pathak, 2016). The piece that applied PEMF to
the metacarpal region consisted of a coil placed
inside the pocket of a leg wrap. In addition to
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producing a magnetic field of 600 Gauss, sev-
eral criteria needed to be considered, including:

1. Capability of producing a high magnetic
field with a variation of lower than 10% in lay-
ers, which penetrates up to 1 cm below the skin
in the injured tendon area.

2. Capability of producing a magnetic field
in a length of 7 cm, which is proved to be suf-
ficient to cover the biggest core lesions.

3. The part applied to the metacarpal region
of the horse does not weigh more than 1 kg.

4. Not generating unacceptably high temper-
atures that lead to thermal damage to the
animal.

5. Applying alternating current (AC) mag-
netic field.

Parameters that should be taken into consid-
eration for this structure are the radius and
height of the coil cylinder, number of turns, cur-
rent, and core material. According to condition
number 2, the coil needs to be finite. Therefore,
full-wave simulations using HFSS software
(Ansys) were used. The system was designed to
apply two parameters, namely the height and
radius of the cylinder. Consequently, we tried
optimization procedures on the radius value to
reduce the relative portion of the magnetic field
around the coil (1 cm away from the surface of
the coil) to field magnitude at the central point.
Two juxtaposed coils, each of which producing
300 Gauss, were designed using cast iron as
cores.

Following conducting some experiments to
calculate the permeability of cast iron core, a
cylinder 18 mm in radius and 6 cm in length
was utilized covered in 24000 Ampere-turns
per meter. All the measurements were com-
pleted by a Hall-effect sensor named
UGN3503UA being capable of measuring
magnetic fields up to 900 Gauss. In order to ob-
serve condition number 4, all the wires were
used from the suitable ratings to be able to tol-
erate the related currents while not producing
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excessive heat. All our design sections were de-
vised to omit the need for other electronic
devices except for a transformer with suitable
ratios.

Statistical Analysis

First, arcsine transformation was performed
for the data associated with lesion percentage
(CSA of the core lesion divided by the CSA of
the tendon at MIZ) to be analyzed as continu-
ous data. All data were analyzed using the
MIXED procedure, including RANDOM and
REPEATED statements in the model to specify
the covariation between and within groups, re-
spectively. In addition, the LSM-EANS
statement was utilized for multiple compari-
sons. All analyses were carried out by
Statistical Analysis System (SAS) software
version 9.4 (SAS Institute Inc., NC, USA).
Data are presented as meantSEM. P-
value<0.05 and 0.05<P-value<0.1 were con-
sidered as statistically significant and tending
to significant, respectively.

Results

Lameness

As can be seen in Figure 1, treatment and
treatmentxtime interaction did not influence
lameness degree (P>0.05). However, in both
groups, the degree of lameness subsided con-
tinuously throughout the study (P<0.01).

VAS

We found that treatment and treatmentxtime
interaction did not affect VAS (£>0.05). On the
other hand, VAD was influenced by time and
declined during days 0-21 and 21-60 in both
groups (P<0.01) (Figure 2).
Lesion Percentage

According to Figure 3 lesion percentage was
not affected by treatmentxtime interaction
(P>0.05). Regardless of timepoints, lesion per-
centage was higher in the DMSO gel group
compared with the DMSO gel magnet group
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(P=0.038). In addition, irrespective of experi-
mental groups, the size of the lesion constantly
dwindled over time (P<0.05).
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Figure 1. Lameness degree in DMSO and DMSO + Magnet groups on days 0, 21 and 60. Data are presented as mean +
SEM.

abevarious letters indicate significant difference among different timepoints within each experimental group (P<0.05).

Lameness was assessed on a scale of 0 to 5 as suggested by the American Association of Equine Practitioners (0=sound
and 5=non-weight bearing)
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Figure 2. VAS in DMSO and DMSO + Magnet groups on days 0, 21 and 60. Data are presented as mean + SEM.
abeVarious letters indicate significant difference among different timepoints within each experimental group (P<0.05).
VAS was determined as O=absent swelling and response to touch and 10=severe swelling and response to touch.
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Figure 3. Percentage of lesion in DMSO and DMSO + Magnet groups on days 0, 21 and 60. Data are presented as mean

+ SEM.

aeyarjous letters indicate significant difference among different timepoints within each experimental group (P<0.05).
Lesion percentage refers to the surface area of the core lesion divided by the surface area of the tendon at the MIZ.

Fiber Alignment

In the DMSO gel group, the fiber alignment
score did not change between days 0 and 21,
while was lower on day 60 than both days 0 and
21 (P<0.05). In the DMSO gel+magnet group,
the fiber alignment score was lower on days 21
and 60, compared to day 0 (P<0.01). However,

—t—DMSO gel
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1.50 1

Fiber alignment

1.00 1

0.50 A

0.00

=@ =DMSO gel + Magnet

the latter variable did not alter significantly af-
ter day 21 (P>0.05). Therefore, the fiber
alignment score did not differ between the two
groups on days 0 and 60. On the other hand, it
was lower in the DMSO gel+magnet group
than the DMSO gel group on day 21 (P=0.015)

(Figure 4).

Figure 4. Fiber alignment in DMSO and
DMSO + Magnet groups on days 0, 21 and 60.
Data are presented as mean + SEM.

®Various letters indicate significant differ-
ence among different timepoints within each
experimental group (P<0.05). Asterisks (**) in-
dicate significant difference between two
experimental groups at the specified timepoint
(P<0.05).

Fiber alignment was measured on a scale of 0
to 3 in which 0=76-100% of fibers are parallel,
1=51-75% of fibers are parallel, 2=26-50% of fi-
bers are parallel, and 3=0-25% of fibers are
parallel.

Day 0 Day 21
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Echogenicity

In the DMSO gel group, the echogenicity
score did not have a significant difference be-
tween days 0 and 21 and days 21 and 60
(P>0.05). However, echogenicity was lower on
day 60 than on day 0 (P=0.007). In the DMSO

—e— DMSO gel

=@ = DMSO gel + Magnet
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gel+magnet group, the echogenicity score de-
creased constantly from day 0 to 60 (P<0.05).
Accordingly, the echogenicity score did not dif-
fer between the two groups on days 0 and 21
(P>0.05), while it tended to be lower in the
DMSO gel+magnet group than the DMSO gel
group on day 60 (P=0.057) (Figure 5).

Figure 5. Echogenicity in DMSO and
DMSO + Magnet groups on days 0, 21

0 and 60. Data are presented as mean =+
SEM.
2301 abeVarious letters indicate significant dif-
ference among different timepoints
o 2.00 - within  each  experimental  group
S (P<0.05). Asterisks (*) indicate signifi-
g 1.50 | cant difference between two
éﬁ experimental groups at the specified
ial timepoint (0.05<P<0.10).
LU Echogenicity was defined on a scale of 0
to 3, in which O=normal or near normal
0.50 - echogenicity, 1=25-50% of the area has
lost echogenicity, 2=the area is 50% ech-
0.00 oic and 50% anechoic
Day 0 Day 21 Day 60
Discussion

Factors assessed in the present study fall into
two categories of clinical and ultrasonographic
findings. In the case of clinical factors, lame-
ness, VAS of swelling and pain, and touch
response were assessed.

Lameness score deescalated during the study
constantly and no significant difference was
observed between the two groups on the three
timepoints. This alleviation in lameness was
predictable and could be attributed to the com-
bination of therapies (stall rest, limited
exercise, and medical and magnet therapy) ad-
ministered to the affected horses. This decrease
in the lameness score as a result of different
therapeutic approaches has also been reported
by some other researchers (Dehghan et al.,
2007; Gibson et al., 1997; Firth et al., 2006;
Davidson, 2016).

Iran J Vet Med., Vol 15, No 2 (Spring 2021)

Furthermore, the VAS developed to represent
pain and swelling underwent a constant decline
with no significant difference between the two
groups on the three timepoints. This finding has
also been supported by other authors applying
conservative therapy to SDF tendonitis. Gibson
et al. (1997) reported alleviated affected ten-
dons using medical therapy. These results are
also close to the findings of Dehghan et al.
(2007) and Alzola and Freeman (2019).

The constant improvement of clinical factors
throughout the study without significant differ-
ences between the DMSO gel and DMSO
gel+magnet groups on the three timepoints in-
dicates that the effect of magnet was not
significant. This finding is similar to other stud-
ies reporting no significant impact for PEMF.
For instance, Greenough (1996) revealed that
the use of PEMF did not influence the healing
of injured tendons in the rabbit. Huegel ef al.
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(2020) showed no specific positive effects on
the healing of the Achilles tendon in the rat.
Contrary to our findings, Trock et al. (2003) re-
ported the efficacy of utilizing magnets in the
alleviation of pain caused by osteoarthritis in
human patients. Goudarzi et al. (2010) ob-
served positive effects for PEMF on wound
healing in rats. Osti ef al. (2015) claimed that
PEMF improved post-operative pain and di-
minished the need for analgesics after rotator
cuff repair surgery. Moreover, Rosso et al.
(2015) found positive in vitro impacts for
PEMF in tendon regeneration. Li ef al. (2015)
demonstrated PEMF to be beneficial in wound
healing through inducing angiogenesis. The
positive effect of PEMF on tendon injuries can
be elicited by the application of more extended
protocols of PEMF at different frequencies.

One ultrasonographic factor studied in our
work was lesion percentage (the CSA of the
core lesion divided by the CSA of the tendon at
MIZ), which dwindled during the study with no
significant difference between the two groups.
Furthermore, the echogenicity score of tendon
decreased (indicative of healing taking place)
during the study in both groups and the differ-
ence between the two groups was not signi-
ficant on day 21. However, this factor tended to
be significant on day 60 with the DMSO gel+-
magnet group showing a mild improvement.

In addition, the fiber alignment score de-
clined during 60 days and the difference
between the two groups was significant on day
21 in favor of the DMSO gel+magnet group.
The enhancement of ultrasonographic variables
during treatment has similarly been reported by
other researchers, such as Dehghan et al. (2007)
and Ashraf Abdulrazaq et al. (2018).
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The significant difference in fiber alignment
score between the two groups on day 21 sug-
gests the efficacy of applying PEMF for
treating equine tendonitis in at least one so-
nographic factor. Ashraf Abdulrazaq et al.
(2018) had similar results regarding improved
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Conclusion

In conclusion, using PEMF in the treatment
of equine tendonitis did not lead to clinically
significant improvement in affected horses.
However, some ultrasonographic factors en-
hanced significantly. Therefore, the efficacy of
PEMF in the improvement of injured SDF can-
not be ruled out. Furthermore, it could be
concluded that further studies are required ap-
plying more extended courses of magnet thera-
py at different frequencies on a bigger popula-
tion of affected horses to elucidate the impacts
of electromagnetic fields on the treatment of
equine tendonitis.
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