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Abstract: Problem statement: The main aim was to clinical assessment of the ultrasonographic 
changes of transcutaneous electrical neural stimulation after inducing injury in the SDFT in horses. 
Approach: Using 8 adults' castrated horses having 350-550 Kgbw with 4-6 years of age. The left hind 
limb and right fore-limb Superficial Digital Flexor Tendon (SDFT) were splitted longitudinally at mid 
metatarsal and metacarpal regions in full thickness of 10 cm in length using B.P.blade 15 time strikes, 
then the connective tissue and skin was approximated using No 2 Nylon. Horses were divided into two 
groups of control and treated with 4 horses each. No treatment was given to control one, whereas 
treated group was subjected to transcutaneous neural electrical stimulation for 10 min daily with 
intensity of 80 µs and 100 Hz frequency over 14 days using TENS apparatus newtens 900c. 
Ultrasonograhic examination was done using Pie Medical 200 Vet Apparatus in 0, 7, 14, 21, 28, 45 and 
60 days measuring Cross-Sectional Area (CSA) of SDFT in operated limbs in each horse. For 
assessing the variation in this finding the Repeated Measure Analysis of Variance was used. Results: 
After comparing the healing process between two groups, it was significantly accelerated in treated 
with therapeutic ultrasound. Pain relief, swelling, tenderness, heat and functional recovery in treated 
with therapeutic ultrasound significantly improved comparing to control group. There was significant 
effect on reducing lameness in treated group by 28 days after splitting, whereas lameness persisted till 
60 days in control group. Ultrasonography findings showed significant decrease in SDFT diameters 
and Cross Sectional Area (CSA) in the treated limbs comparing with control. Conclusion: Clinically 
speeding wound healing beside complete reduction of swelling, pain and lameness, its application 
significantly accelerated functional recovery affected limb. 
 
Key words: Ultrasonography, TENS-horse, tendon 

 
INTRODUCTION 

 
 Tendon injuries and severe fibrous tearing is often 
the result of sudden jerk and physical weight bearing 
strain overload by the soft tissue support of the distal 
limb. It is commonly recognized in racing and jumping 
horses, conformation can exacerbate an individual 
horse's propensity to tendinitis. Long sloping pasterns, 
long toes, over at the knees and tied in knees can 
increase the forces at the flexor surface when extreme 
extension is required by the limb. This injury may be 
caused by degenerative changes resulting from 
continued stress[1,5,7-9,20] or by mechanical damage from 
horseshoes, stall doors, farm machinery, or wire cut and 
healing of tendon lesions is usually protracted and 
complete functional restoration is rare[1,9] The 

Superficial Digital Flexor Tendon (SDFT) is most 
commonly affected and the incidence of reinjury in this 
tendon is relatively high[1,2]. Diagnostic 
ultrasonography has been established as the imaging 
technique of choice to confirm the presence or absence 
of an injured superficial digital flexor tendon by 
qualitatively identifying hypoechoic fiber bundles[1,5,10]. 
The collective ultrasonographic data have the potential 
to categorized tendon injuries when the prognosis is 
given for future racing. so the purpose of this study was 
to compare the effect of the local application of 
transcutaneous electrical nerve stimulation on healing 
of severed SDFT healing with that of treated 
conservatively (controlled one). It also gave the 
opportunity to compare the rate of reinjury in horses 
used for different athletic purposes.  
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MATERIALS AND METHODS 
 
 In this study, effects of therapeutic transcutaneous 
electrical nerve stimulation on experimentally induced 
severe injury on superficial flexor tendon in horses 
were evaluated by clinical, ultrasonographical, 
histomorphological and histobiochemical parameters. 
Eight  adults  mixed breed, clinically healthy horses, 4-
9 years old with weight range of 350-550 Kg were 
used. Full thickness in 10 cm in length of midsection of 
SDFT on left hind limb and right fore limb was splitted 
15 strikes using surgical blade (Fig. 1), then animals 
were divided into two groups of 4 horses in each group 
randomly. In group I control no treatment was used. 
whereas treated group was subjected to transcutaneous 
electrical neural stimulation for 10 min daily with 
intensity of 80 µs and 100 Hz frequency over 14 days 
using   TENS    apparatus    (newtens  900c)  (Fig.   2). 
 

 
 
Fig. 1: Splitting full thickness of SDFT  
 

 
 
Fig. 2: Proper position and placement of surface 

electrodes on the upper and lower parts of 
splitted area  

Ultrasonograhy recording was done using Pie Medical 
200 Vet Apparatus on 0, 7, 14, 21, 28, 45 and 60 days 
measuring Cross-Sectional Area (CSA) of SDFT of 
both operated limbs in each horse. For assessing the 
variation in this finding the Repeated Measure Analysis 
of Variance was used and for better evaluation grading 
from 0 (immediate after splitting) to 4 (normal echo) 
were used. 
 

RESULTS 
 
 After comparing the healing process between 
normal (Fig. 3), control and treated groups (Fig. 4 and 
5). it was significantly accelerated in treated tendon 
with TENS. Pain relief, swelling, tenderness, heat and 
functional recovery in treated limbs with TENS 
significantly improved comparing to control group. 
There was significant effect on reducing lameness in 
treated group by 28 days after splitting, whereas 
lameness  persisted   till   60   days   in   control   group. 
 

 
 
Fig. 3: Ultrasonography of normal SDFT (normal 

echogenic of SDFT (1), DDFT (2), Cruciate 
Ligament (3)  and suspensory ligament (4)) 

 

 
 
Fig. 4: Ultrasonography on 7th day showing increase in 

thickness and decrease echogenicity with peri-
tendinitis and centrally located core lesion 
inside the SDFT (1)   in treated limb 
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Fig. 5: Ultrasonography on 60 days showing improved 

echogenicity and reduced central defect in 
treated limb 

 
The injured SDFT was grossly thickened over 10 cm of 
the length at the site of splitting and ultrasonographic 
images showed an extensive hypoechoic core and in 
sagittal plane, the thickness of SDFT was also quite 
evident with predominately granular hypoechoic in the 
injured area in control limb. On 7th day there were 
grade 3 echogenicity in both control  and treated limb 
(Fig .4) whereas in treated one on 14 day it was reduced 
to 2 and even to 1.25 grade on 21st day which showed 
normal echogenicity in treated group on day 28 and 60 
days (Fig. 5) after splitting and treatment. But no 
changes were observed in control ones ,therefore there 
was significant decrease in SDFT diameters and Cross 
Sectional Area (CSA) in the treated limbs comparing 
with control one. No ultrasonographical abnormalities 
were detected in the other part of tendon. 
 

DISCUSSION 
 
 Traditional therapy and Transcutaneous Electrical 
Nerve Stimulation (TENS) and other similar devices 
use a mild form of electrically-induced pain to block 
the body's ability to perceive the pain that is being 
treated[2-4]. When patients receive TENS at low 
frequencies (eight pulses per second or less), their 
production of endorphins may increase, thus producing 
temporary relief. The effect of TENS is believed to 
stimulate A-b (beta) pain-suppressing nerve fibers to 
overwhelm   chronic   pain carrying C fibers. 
 Massage, ice and heat also relieve pain this way[18]. 
TENS and high-voltage pulsed galvanic stimulators 
deliver currents in the milliamperage range; this 
stimulation generally exceeds the nerve firing 
threshold, resulting in sensation ranging from a gentle 
tingling to intense muscle throbbing[13,22,24]. Traditional 
TENS only works if the current is strong enough to 
feel, which can result in the administered current being 

as strong as 80 milliamperes. Increasing the current 
causes mild electrical burns in about one third of the 
patients and the technique provides no significant 
residual effects in tissue healing[12]. In this study the 
ultrasonographical observations of the injured SDFT 
correlated well with the histopathological findings. The 
disrupted bundles of tendon fibers, which acted as 
diffuse rather than specular reflectors[17]. The fibroblast 
containing hyper cellular tracts and occasional fresh 
hemorrhagic foci[28] all contributed to the observed 
hypoechogenic areas in the tendon[14,15]. During the 8 
weeks period of observation the injured SDFT was at 
the early maturation phase of tendon healing. The 
progressive increase in tendon echogenicity was related 
to a gradual reorientation of the bundles of tendon 
fibers along the lines of stress of tendon[26-28] so that the 
reoreintated bundles now acted as specular reflectors. 
The increase in the acoustic density of the tendon fibers 
bundles was due to increase in the number of 
intermolecular and intermolecular linkages in the 
collagen fibers[33] and even a decrease in the number of 
fibroblasts. The extent of tendon and ligament injuries 
has been based on a qualitative assessment of their 
echogenicity[25,29]. A more detailed method of 
determining the severity of a tendon or ligament injury 
and the prognosis for repair was suggested[6,7,11,16]. They 
proposed the recordings be made of the percentage of 
the cross-sectional area that was damaged in the tendon 
or ligament, the length of the lesion and whether the 
origin or insertion of the tendon or ligament was 
involved[14,19,21,23] recorded the percentage cross 
sectional area of the damaged part of SDFT and 
multiplied them firstly by the scaling factor of 
0.025.The resultant "severity rating" was used to 
provide information on the extent of tendon injury and 
to give a prognosis for satisfactory return to racing. In 
this study, the effect of TENS[30-32] and accuracy of the 
ultrasonographic examination[26] could be further 
increased by including a quantitative, rather than a 
qualitative measurement of tendon or ligament 
echogenicity. 
 

CONCLUSION 
 
 Ultrasonographic findings can be regarded as good 
clinical indication for normalization of injured tendon. 
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