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A B S T R A C T

Electrosurgery (ES) offers a promising alternative to conventional steel scalpel surgery (SSS), 
providing superior hemorrhage control and efficient tissue dissection with minimal invasiveness. 
Given the limited literature, this study aims to compare the clinical efficacy of ES with that of SSS 
in bovine umbilical herniorrhaphy. Fourteen crossbred male calves with reducible umbilical 
hernias, aged less than one month and weighing 25–47 kg, were randomly assigned to two 
experimental groups: group A (ES) and group B (SSS), each containing seven calves. Clinical 
parameters, such as temperature, heart rate, respiratory rate, and SpO2, were recorded 10 min 
preoperatively, intraoperatively at 20 and 40 min, and 10 min postoperatively. Hema-
tobiochemical parameters, including total erythrocyte count, hemoglobin, packed cell volume, 
total serum protein, blood urea nitrogen, and creatinine, were also assessed at these intervals. 
Skin incision length, volume of blood loss, surgical duration, healing time, postoperative com-
plications, and postoperative pain response were documented. Furthermore, a sonographic 
evaluation of postoperative wound healing was conducted. The clinical and hematobiochemical 
parameters did not vary significantly between the groups. However, significant variations 
(p<0.05) were noted in skin incision length, volume of blood loss, surgical duration, and healing 
time between the groups. Group A calves experienced smaller incisions, reduced blood loss, 
shorter surgical duration, quicker recovery, and fewer postoperative complications and pain. The 
ultrasonographic evaluation revealed superior postoperative wound healing in group A compared 
to group B. These findings suggest that ES is a more effective clinical approach than traditional 
SSS for umbilical herniorrhaphy in bovine calves.

1. Introduction

A hernia is the protrusion or displacement of an organ, segment of an organ, or tissue outside the body cavity through an abnormal 
opening in the cavity wall [1,2]. The external hernias are visible outside an animal’s body and detectable with clinical examination. In 
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small and large animals, various types of hernias (i.e., umbilical, inguinal, scrotal, femoral, perineal, ventral, and abdominal hernias) 
are observed [3]. The umbilical hernia is the most common congenital hernia in neonatal calves [4]. Umbilical hernias can be 
symptomatic or asymptomatic. If not promptly treated, most umbilical hernias progressively enlarge, potentially leading to pain, 
anorexia, and weight loss [1,5]. Chronic herniation often results in the adhesion of the herniated contents to the hernial sac, with 
incarceration and strangulation being the most severe and life-threatening complications [2,6].

External hernias (e.g., umbilical hernias) in calves can be treated by various procedures depending on the size of the hernial ring. 
For small and reducible hernias, conservative treatments, such as the application of bandages, clamps, or ligatures, as well as the 
injection of irritants around the hernial ring, may be effective in promoting cicatrization [5,7]. However, irreducible hernias neces-
sitate surgical intervention. Herniorrhaphy is a widely used and reliable surgical technique for repairing uncomplicated hernias (both 
reducible and irreducible) in bovine calves [1,8]. This procedure is typically performed under sedation followed by local anesthesia 
and involves the use of suture materials [1,9–11]. In cases where the hernia presents with a larger ring diameter, hernioplasty (i.e., the 
application of mesh) is required for effective repair [12,13]. In both herniorrhaphy and hernioplasty, the standard surgical procedure 
involves skin incisions, followed by blunt dissection of the subcutaneous tissue and associated muscles to expose the hernia, and 
finally, reduction of the hernia. This procedure requires instruments to make incisions and devices to control subsequent hemorrhage. 
While a traditional steel scalpel is limited to cutting only, an electrosurgical unit provides the dual functionality of cutting and 
coagulation simultaneously [14].

Traditionally, skin incisions are performed using stainless steel scalpels because of their ease of use and widespread availability. 
The scalpel is widely considered the gold standard for performing surgical incisions, as it allows surgeons to ensure control precisely 
over the length and depth of the incision [15]. However, such incisions are often associated with significant hemorrhage and pain [16,
17]. Moreover, scalpel-related injuries represent the second most common cause of intraoperative injuries among surgical staff, 
following suture needle injuries [18]. Therefore, scalpels should be used cautiously in surgical procedures, and their use should be 
restricted whenever feasible. Diathermy and electrosurgery have been introduced as alternatives to overcome the drawbacks of steel 
scalpels [19,20]. Electrosurgery refers to the deliberate application of high-frequency waveforms or currents through bodily tissues to 
achieve a controlled surgical effect [21,22]. Unlike electrocautery, which utilizes direct current, electrosurgery is regarded as a su-
perior technique as it employs alternating current to cleave and coagulate tissues [20]. Electrosurgical devices are used to make in-
cisions in the skin, subcutaneous tissue, and muscle [23]. Electrosurgery offers several advantages, including quicker incisions, rapid 
hemostasis by sealing off blood vessels, and a reduction in overall blood loss [24]. However, electrosurgical techniques may raise 
concerns about the risks of postoperative scarring, wound infections, and delayed healing [17,24,25], thereby restricting their use for 
skin and invasive incisions. Subsequently, it is imperative that electrosurgical devices be selected carefully to suit the specific re-
quirements of individual cases.

Comparative studies evaluating the efficacy of steel scalpels and electrosurgical units are well-documented in human subjects [15,
23,25,26] and small animals [22,27,28]. However, there is a paucity of similar research on large ruminants. Despite the higher cost 
and the requirement of expert hands, electrosurgery is a promising technique in veterinary clinical practices [29–31]. Nevertheless, the 
potential advantages of electrosurgery in ruminant hernia repair remain unexplored. This study intends to evaluate the clinical efficacy 
of electrosurgery versus conventional steel scalpel surgery for repairing bovine umbilical hernias in a veterinary hospital setting, 
focusing on their impacts on the animals’ key clinical and hematobiochemical parameters, as well as intraoperative and postoperative 
outcomes.

Fig. 1. A crossbred bovine calf with an umbilical hernia (irrespective of groups), detected through physical examination and ultrasonography: (A) a 
reducible umbilical hernia, identified manually by palpation, (B) ultrasonography reveals a notable breach (indicated by white arrows) in the 
abdominal wall integrity (bright echogenic linear structures) near the umbilicus. The hernial gate (the area between the arrows) demonstrates the 
projection of hypoechogenic structures, resembling the abdominal contents. Linear probe; orientation: longitudinal, frequency: 7.5 MHz, depth: 
3 cm.
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2. Materials and methods

2.1. Animals

Fourteen crossbred male bovine calves, in apparently good health with a body condition score of 2.5–3 (on a scale of 5), under one 
month of age, and weighing between 25 and 47 kg, were included in this study. The animals were selected from routine cases admitted 
to a veterinary teaching hospital, all presenting with uncomplicated reducible umbilical hernias [Fig. 1(A and B)], with hernial ring 
diameters ranging from 5.08 to 6.35 cm (2–2.5 inches) at the longest axis. The calves were randomly and equally divided into two 
groups (groups A and B), with seven calves in each group. The sample size per group was determined using the resource equation 
approach described elsewhere [32]. Group A (n = 7) calves underwent electrosurgery (ES), while the claves in group B (n = 7) were 
treated with steel scalpel surgery (SSS) for hernia repair.

2.2. Clinical monitoring

The clinical parameters, including temperature, heart rate (HR), respiration rate (RR), and peripheral oxygen saturation (SpO2) of 
the calves in both groups, were monitored 10 min preoperatively (without premedication or sedative induction), intraoperatively at 20 
and 40 min, and again 10 min postoperatively. Temperature was measured manually from the rectum using a clinical thermometer. HR 
and RR were recorded with a stethoscope. SpO2 was documented using a digital patient monitor (Oxysmart-M®, Oxycon Co. Ltd.). The 
same clinical team monitored these parameters in both groups to ensure consistency.

2.3. Blood collection and hematobiochemical evaluation

Blood samples were obtained via jugular venipuncture from both groups 10 min preoperatively (without premedication or sedative 
induction), intraoperatively at 20 and 40 min, and again 10 min postoperatively. A total of 5 mL of blood was aspirated in each case; 3 
mL were transferred to a vacutainer without anticoagulant (clot activator tube), while the remaining 2 mL were transferred to a 
vacutainer containing ethylenediaminetetraacetic acid (EDTA tube). Samples in clot activator tubes were centrifuged at room tem-
perature for 15 min at 3000 rotations per minute. In each case, the supernatant serum was collected for biochemical analysis. A 
biochemical analyzer (Microlab 300 Semi-automated Biochemistry Analyzer, ELITECH) was used to evaluate total serum protein 
(TSP), blood urea nitrogen (BUN), and creatinine. Besides, samples in EDTA tubes were considered for hematological analysis. A 
hematology analyzer (Z5Vet, Zybio) was used to assess total erythrocyte count (TEC), hemoglobin (Hb), and packed cell volume (PCV).

2.4. Surgical procedures and postoperative management

Before surgery, in both groups, the calves were kept off feed and water for 16 h and then stabilized with intravenous 500–940 mL of 
5 % dextrose in normal saline (0.9 % NaCl), adjusted according to their body weights (25–47 kg). Each calf was premedicated with 

Fig. 2. Intraoperative phases of herniorrhaphy in a calf (irrespective of groups): (A) preparation of the surgical site, (B) exposure of the hernia, (C) 
absence of adhesions and reduction of herniated contents, (D) repositioning of herniated contents into the abdominal cavity following trimming of 
the hernial sac at the level of the hernial ring, (E) closure of the hernial ring, (F) muscle layers closure, (G) approximation of the skin edges.
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atropine sulfate at 0.04 mg/kg body weight (BW) (Atrovet®, Techno Drugs Ltd.) followed by deep sedation with xylazine hydro-
chloride (HCl) at 0.1 mg/kg BW (Xylaxin®, Indian Immunologicals Ltd.) via intramuscular (IM) injections. Aseptic preparation of the 
umbilical region (surgical site) was conducted (Fig. 2A). Linear local infiltration of 2 % lidocaine HCl (Jasocaine®, Jayson Pharma-
ceuticals Ltd.) was performed, encircling the hernial ring. Under deep sedation with appropriate regional desensitization, the calves 
were positioned in right lateral recumbency. Two elliptical skin incisions, lateral to each other, were made over the surgical site in each 
case. In group A calves, the incisions were made using an electro-scalpel connected to an electrosurgical unit (Meditom® MT-400, Italy 
via C. Bonozzi), with power settings at 50 Watts (W) for cutting and 30 W for coagulation (alternating current radio frequency: 400 kHz 
modulated by 33 kHz, as appropriate). In contrast, incisions in group B calves were made using a steel scalpel (handle number 4 and 
blade number 20). Then the incised skin edges were gently everted, and the subcutaneous tissue and abdominal muscles were bluntly 
dissected to expose the hernial sac (Fig. 2B). In group B, hemostasis was achieved with gauze pressures, mosquito artery forceps, or 
vessel ligation with suture, whereas in group A, electro-coagulation was performed following electro-incision. The tip of the hernial sac 
was incised carefully to reveal the herniated contents, ensuring no injury. In both groups, no adhesions were detected between the 
herniated content(s) and the sac, and the content(s) were readily reducible through the hernial ring (Fig. 2C). In each case, the hernial 
sac was trimmed just at the level of the ring, and the herniated content(s) were returned to the abdominal cavity through the ring 
(Fig. 2D). Peritoneal lavage was not conducted. Following hernial reduction, herniorrhaphy was performed. This involved the closure 
of the hernial ring (Fig. 2E) using horizontal mayo-mattress sutures with polyglactin 910 of size 1 (VicrylTM, Ethicon, J & J Medical 
Devices Companies), following a gentle circumferential scraping of the mucosal layer of the ring to expose a raw surface, thereby 
promoting healing. Once the ring was closed, the surrounding muscle layers were approximated (Fig. 2F) using simple interrupted 
sutures with Vicryl™ of size 1. The excess loose skin was surgically excised, and the remaining skin edges were sutured together 
(Fig. 2G) in a simple interrupted pattern using 2-0 nylon (Ethilon®, Ethicon, J & J Medical Devices Companies). Finally, a protective 
belly bandage with medicated gauze was applied to the surgical site. All surgical procedures in both groups were conducted by the 
same surgeon, accompanied by the same surgical team.

Postoperatively, the calves received a medication regimen that included ceftriaxone IM at 15 mg/kg (Trizon Vet, Acme Labora-
tories Ltd.) twice a day for seven consecutive days, ketoprofen IM at 3.3 mg/kg once a day for three days, and pheniramine maleate IM 
at 1 mg/kg once a day for five days. Fly repellent was routinely used in the calf barns, while 5 % povidone-iodine (Viodin® 5 % 
ointment, Square Pharmaceuticals Ltd.) was topically applied to the wound areas twice a day for five days. Furthermore, it was 
recommended that all calves be provided with half of their standard diets and subject to movement restrictions for three weeks post- 
surgery. In most cases, the skin sutures were removed two weeks postoperatively in both groups, revealing healing at the surgical sites. 
However, in group B, complications such as discharge from the surgical site and dehiscence of skin wounds were observed in two cases 
within five days post-surgery. Treatment involved the application of an antiseptic dressing with 10 % povidone-iodine (Viodin® 10 % 
solution, Square Pharmaceuticals Ltd.) twice a day for three days, followed by surgical debridement and suture replacement, along 
with an additional course of the antibiotic. The complications resolved, and healing was noted within one week after the additional 
treatment; thereafter, the external sutures were removed. Postoperative monitoring for both groups was conducted by the same 
observer, a member of the clinical team, ensuring uniformity in data collection.

2.5. Measuring the skin incision length

The skin incision length was measured in inches using a measuring scale for each case in both groups to facilitate comparison.

2.6. Evaluating the volume of blood loss

Before each surgery, the surgical gloves, gauze pieces, and drapes were accurately weighed using a digital weighing balance (SF- 
400, Precision Digital Scale) under aseptic conditions, and the weights were recorded in grams (g). The gauze pieces were used to soak 
blood from the surgical site intraoperatively. The blood-moistened gauze pieces were promptly transferred, one after another, into a 
polybag (following their use) to minimize the evaporative loss of the blood’s fluid portion. Immediately after surgery, the surgical 
drapes were collected. The blood-stained surgical gloves, blood-moistened gauze pieces, and drapes were reweighed using the same 
scale. The total amount of blood loss was calculated by subtracting the pre-surgery weights from the post-surgery weights of the gloves, 
gauze pieces, and drapes.

Weight calculation formula:
Dry weight of surgical gloves = A g, dry weight of gauze pieces = B g, dry weight of surgical drapes = C g, weight of blood-stained 

gloves = D g, weight of blood-moistened gauze pieces = E g, weight of drapes after surgery = F g, and weight of polybag = G g
Therefore, the amount of blood loss = [(D + E + F + G) – (A + B + C + G)] g.
According to an earlier study [33], the density of blood is comparable to that of water, allowing 1 g of blood loss to be equivalent to 

1 mL. Based on this observation, the blood loss measured in ‘g’ was converted to ‘mL’ and was referred to as the volume of blood loss.

2.7. Determining the duration of surgery and healing time

The total duration of surgery was determined by recording the time in minutes with a stopwatch from the initial skin incision to the 
final skin closure for each case in both groups. The healing time was assessed through manual inspection of the surgical site post-
operatively in both groups, and it was recorded as the number of days required for skin wound recovery. For this purpose, the animals 
were monitored weekly for three weeks following surgery.
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2.8. Evaluating the postoperative complications and pain response

The calves in both groups were carefully monitored twice a day after surgery for any postoperative complications, including 
surgical site discharge, skin wound dehiscence, hernial recurrence, and deep scar formation. The monitoring commenced 48 h post- 
surgery and continued for up to three weeks. Apart from scar formation (a minor and transient skin defect) [Fig. 3(A and B)], all other 
complications observed within this period were effectively treated until recovery, as outlined in the postoperative management 
section. A six-month postoperative follow-up revealed no complications in either group. The local pain response was assessed in both 
groups once a day at three-day intervals from the third to the nineteenth postoperative days. This assessment was conducted manually 
through gentle and compassionate handling of the animals, accompanied by a physical examination that involved light palpation of the 
surgical site to elicit a withdrawal reflex. The incidence of postoperative complications and pain response were expressed as 
percentages.

2.9. Evaluating the postoperative wound healing through ultrasonography

An ultrasound scanner (SonoScape P15 Ultrasound Machine, SonoScape) was employed for sonographic assessments of the 
postoperative wound healing, focusing on echogenicity to facilitate the detection of granulation tissue formation (an important in-
dicator of the healing process) and wound contraction at the surgical site. This assessment was conducted 35 days post-surgery for each 
case in both groups.

2.10. Statistical analysis

The data obtained from this experiment were calculated and presented as ‘mean ± standard error of the mean’ and percentages for 
both groups. Independent Samples t-tests were performed to compare the means of parametric variables (i.e., clinical and hema-
tobiochemical indices, skin incision length, volume of blood loss, surgical duration, and healing time) between the two groups, using 
GraphPad Prism (version 9.3.1). A p-value of <0.05 was considered statistically significant. Descriptive statistics (i.e., case frequency 
and percentage) were presented to report the postoperative complications and pain response.

3. Results

3.1. Variations in the clinical and hematobiochemical parameters

The clinical and hematobiochemical parameters assessed perioperatively for both groups are presented in Tables 1 and 2, 
respectively. Throughout the experimental period, there were negligible variations in these parameters, and no significant differences 
(p > 0.05) were observed between the groups.

3.2. Variations in the skin incision length, blood loss, surgical duration, and healing time

The skin incision length, volume of blood loss, duration of surgery, and healing time for both groups are illustrated in Fig. 4(A–D). 
Significant differences (p < 0.05) were observed in all these parameters between the two groups. The calves in group A, which un-
derwent ES, demonstrated significantly shorter skin incision lengths, reduced blood loss, shorter surgical duration, and faster recovery 
than those in group B with SSS. Notably, the mean volume of blood loss in group A was less than 50 % of that observed in group B.

3.3. Variations in the postoperative complications and pain response

The postoperative complications and pain response of the calves for both groups are demonstrated in Table 3. No complications 

Fig. 3. Scar formation noted after skin suture removal two weeks postoperatively: (A) negligible stitch scar (fine line) in a calf from group A, (B) 
deep stitch scar (hypertrophic) in a calf from group B.
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were recorded postoperatively in group A calves, however, postoperative complications, such as surgical site discharge and skin wound 
dehiscence (28.57 %) as well as deep scar formation (42.86 %), were observed in group B calves. No instances of hernial recurrence 
were identified in either group.

3.4. Variations in the postoperative wound healing

The postoperative ultrasonographic evaluation of wound healing is illustrated in Fig. 5(A and B), featuring a representative case 
from each group. The areas of granulation tissue and wound contraction were more pronounced in group A than in group B. 
Conversely, the areas indicating the wound gaps were comparatively smaller in group A than in group B.

4. Discussion

Bovine umbilical hernia is a commonly reported clinical condition that frequently necessitates surgical intervention [9,34,35]. 
Currently, there is a significant emphasis on the value and efficiency of surgical procedures. Thus, it is worthwhile to investigate the 

Table 1 
Clinical parameters of the calves (perioperatively).

Parameters (Mean ± SEM) Groups Preoperative Intraoperative Postoperative

− 10 min 20 min 40 min +10 min

T (◦F) A (ES, n = 7) 102.15 ± 0.25 102.01 ± 0.35 102.07 ± 0.30 102.20 ± 0.33
B (SSS, n = 7) 101.80 ± 0.12 101.73 ± 0.18 101.84 ± 0.16 101.90 ± 0.14
p-value 0.489 0.431 0.453 0.453

HR (beat/min) A (ES, n = 7) 83.71 ± 4.37 78.84 ± 5.42 79.29 ± 5.34 83.11 ± 5.81
B (SSS, n = 7) 86.85 ± 5.41 84.86 ± 8.17 84.71 ± 5.86 89.00 ± 8.67
p-value 0.554 0.541 0.557 0.854

RR (breath/min) A (ES, n = 7) 25.25 ± 4.68 22.57 ± 3.96 22.86 ± 3.57 27.00 ± 4.04
B (SSS, n = 7) 26.40 ± 3.34 25.14 ± 3.78 25.43 ± 5.74 27.14 ± 3.86
p-value 0.751 0.980 0.652 0.920

SpO2 (%) A (ES, n = 7) 99.00 ± 2.00 94.71 ± 4.00 94.43 ± 3.23 99.18 ± 3.51
B (SSS, n = 7) 98.99 ± 5.00 92.14 ± 2.55 91.95 ± 2.83 98.96 ± 3.21
p-value 0.740 0.632 0.575 0.901

SEM: standard error of the mean, T: temperature, HR: heart rate, RR: respiratory rate, SpO2: saturation of peripheral oxygen, ES: electrosurgery, SSS: 
steel scalpel surgery.

Table 2 
Hematobiochemical parameters of the calves (perioperatively).

Parameters (Mean ± SEM) Groups Preoperative Intraoperative Postoperative

− 10 min 20 min 40 min +10 min

Hematological
TEC (1012/L) A (ES, n = 7) 7.68 ± 0.27 7.02 ± 0.16 6.89 ± 0.21 7.07 ± 0.13

B (SSS, n = 7) 8.41 ± 0.93 7.91 ± 0.29 7.78 ± 0.35 8.12 ± 0.82
p-value 0.530 0.369 0.481 0.595

Hb (g/dL) A (ES, n = 7) 9.00 ± 1.90 8.92 ± 2.10 8.24 ± 1.95 8.60 ± 2.00
B (SSS, n = 7) 10.18 ± 1.95 9.80 ± 1.63 8.97 ± 1.46 9.65 ± 1.75
p-value 0.729 0.889 0.754 0.901

PCV (%) A (ES, n = 7) 26.71 ± 5.07 25.11 ± 6.21 23.95 ± 4.93 24.19 ± 6.07
B (SSS, n = 7) 29.15 ± 6.23 28.37 ± 6.59 27.88 ± 5.80 28.03 ± 6.66
p-value 0.811 0.668 0.733 0.817

Biochemical
TSP (g/dL) A (ES, n = 7) 5.76 ± 0.64 5.15 ± 0.24 4.98 ± 0.51 5.04 ± 0.67

B (SSS, n = 7) 6.14 ± 0.22 5.86 ± 0.47 5.10 ± 0.19 5.73 ± 0.23
p-value 0.708 0.905 0.825 0.690

BUN (mg/dL) A (ES, n = 7) 18.63 ± 2.52 18.90 ± 3.15 19.47 ± 2.80 20.25 ± 2.76
B (SSS, n = 7) 21.15 ± 3.09 21.66 ± 3.58 21.93 ± 3.33 22.80 ± 2.94
p-value 0.447 0.236 0.671 0.715

Cr (mg/dL) A (ES, n = 7) 1.45 ± 0.62 1.45 ± 0.38 1.47 ± 0.30 1.48 ± 0.25
B (SSS, n = 7) 1.27 ± 0.31 1.28 ± 0.22 1.31 ± 0.45 1.34 ± 0.63
p-value 0.623 0.971 0.890 0.558

SEM: standard error of the mean, TEC: total erythrocyte count, Hb: hemoglobin, PCV: packed cell volume, TSP: total serum protein, BUN: blood urea 
nitrogen, Cr: creatinine, ES: electrosurgery, SSS: steel scalpel surgery.
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Fig. 4. Intraoperative and postoperative parameters evaluating the efficacy of ES and SSS: bar diagrams showing the intergroup variations in (A) 
skin incision length, (B) volume of blood loss, (C) duration of surgery, and (D) healing time (* = p < 0.05).

Table 3 
Postoperative complications and pain response of the calves.

Postoperative complications

Groups Surgical site discharge and skin wound dehiscence Hernial recurrencea Deep scar formationb

F % F % F %

A (ES, n = 7) 0 0.00 0 0.00 0 0.00
B (SSS, n = 7) 2 28.57 0 0.00 3 42.86

Days postoperative pain responsec

Groups Day 3 Day 7 Day 11 Day 15 Day 19
F % F % F % F % F %

A (ES, n = 7) 7 100 7 100 4 57.14 0 0.00 0 0.00
B (SSS, n = 7) 7 100 7 100 6 87.71 2 28.57 0 0.00

ES: electrosurgery, SSS: steel scalpel surgery, F: frequency, %: percentage.
a Data recorded until six months post-surgery.
b Data recorded through visual inspection of the skin at the surgical site until three weeks post-surgery.
c Based on gentle palpation of the surgical site and concurrent withdrawal reflex of the animals.
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clinical efficacy of scalpels and electrosurgical units in repairing bovine umbilical hernias, focusing on a less invasive approach with 
minimal biological impacts. The intraoperative and postoperative parameters investigated in the present study, specifically skin 
incision length, blood loss, surgical duration, postoperative complications, and healing time, have also been documented as instru-
mental in facilitating comparisons between various surgical techniques in other research [15,22,25,36,37]. The assessment of clinical 
parameters (temperature, HR, RR, SpO2) and hematobiochemical parameters (TEC, Hb, PCV, TSP, BUN, and creatinine) was 
considered important; as ES employing alternating current at specific frequencies to body tissues may influence these parameters, 
indicating potential alterations in the animals’ vital organs functions [38].

This study demonstrated minimal or negligible variations in the clinical and hematobiochemical parameters of the calves in both 
groups, none of which were statistically significant. These findings suggest that neither ES nor SSS were associated with adverse effects 
on the animals’ vital functions. Additionally, it may be stated that the flow of alternating current during ES did not typically affect the 
animals’ physiology. In the present study, the cutting and coagulation electrical energies were set at 50 W and 30 W, respectively, 
which are in alignment with the findings from previous studies [2,39,40]. Therefore, electrosurgery, at these applied levels of cutting 
and coagulation current, may be safely employed for hernia repair in bovine calves. However, a comparison of intraoperative blood 
pressures between the ES and SSS groups would have been valuable. This was not possible in the present study, as this data had not 
been recorded properly. ES may influence both systolic and diastolic blood pressures, a point to be considered [41]. Although the 
thermal injury to surrounding tissues associated with ES is an important parameter [42,43], it was not evaluated in this study, 
underscoring the necessity for further research. In this context, plasma scalpels have been demonstrated to be superior to both 
electrosurgical scalpels and steel scalpels [44].

In this study, the electrosurgical skin incisions were observed to be shorter, with a mean length of 7.003 cm (2.757 inches), in 
comparison to traditional scalpel incisions, which exhibited a mean length of 7.910 cm (3.114 inches). It is important to note that these 
measurements correspond exclusively to the initial skin incisions made for hernia exposure, and do not include those performed for the 
final trimming of excess loose skin after hernia repair, prior to skin closure. Although these incisions were elliptical, their lengths were 
measured in a linear orientation after the skin edges had been manually stretched. The shorter incisions achieved with electro-scalpels 
may be attributed to their capacity to provide finer thermal cuts, reducing the extent of adjacent tissue damage. In contrast, traditional 
steel scalpels require additional physical force and control to create mechanical cuts, increasing the chances of adjacent tissue damage 
and potentially leading to relatively greater incisions. The shorter incisions sped up wound closure following hernia repair, contrib-
uting to a reduction in overall surgical time. Apart from initial skin incisions, all other incisions made in the fascia, subcutaneous 
tissues, and muscles either with electro-scalpels or steel scalpels were not measured but the associated hemorrhages were considered in 
either group.

The hemorrhage associated with the use of electro-scalpels during herniorrhaphy was significantly reduced, measuring less than 
half of that observed with steel scalpels. This reduction may be ascribed to the simultaneous functionality of the handpiece electro- 
scalpel, which features integrated cut and coagulation buttons within a probe-like design. This technique allowed for alternate 
point applications of electro-coagulation following electro-incision to achieve hemostasis. The finding that the electrosurgical tech-
nique facilitated a reduction in blood loss is consistent with the observations in related studies [25,45]. Given that ES demonstrated a 

Fig. 5. Ultrasonographic evaluation of wound healing 35 days postoperatively: (A) a calf from group A demonstrating superior outcomes compared 
to (B) a calf from group B, as assessed by the observation of granulation tissue formation, wound contraction, and wound gap. The areas of 
granulation tissue (heteroechoic transverse zones) are highlighted with yellow dotted lines, while black stars denote the areas of wound contraction 
(hyperechoic zones), and white stars indicate the wound gaps (anechoic zones). The assessment was performed using a linear probe with a lon-
gitudinal orientation, a frequency of 7.5 MHz, and a depth setting of 3 cm. The blue spots indicate blood flow away from the probe, while the red 
spots indicate blood flow toward the probe.
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reduction in intraoperative hemorrhage during umbilical herniorrhaphy, it might be a superior choice for animals presenting with 
anemia, thrombocytopenia, or coagulation disorders. Intraoperative hemorrhage can obscure the surgical field, compromising visi-
bility. Diffuse or focal abdominal hemorrhage during herniorrhaphy (if any), particularly in the absence of electrosurgical devices, may 
necessitate the increased use of abdominal swabs, retractors, and hemostats, potentially leading to additional blood loss. In the present 
study, however, no abdominal swabs were used, given the absence of notable abdominal hemorrhage. Although not investigated in the 
present study, it is suggested that surgeons may prefer the use of a combination of steel scalpels and electrosurgical devices in clinical 
practices to enhance the efficiency and convenience of surgical procedures as deemed appropriate.

In the present study, the overall surgical duration was notably shorter with the use of electrosurgical devices, primarily due to 
shorter incision time and the subsequent decrease in hemorrhage requiring hemostasis. Hemostasis, achieved with gauze pressures, 
artery forceps, or vessel ligation with suture, was observed to extend the intraoperative time in cases of scalpel surgery, thereby 
increasing overall surgical duration. This observation is consistent with the findings reported in previous research [26,41,46,47]. The 
shorter incision time observed with ES during umbilical herniorrhaphy might be attributed to a few factors. Since ES employs a 
high-frequency current to generate heat for tissue dissection, it allows for precise incisions with minimal handling pressure. This 
alleviates hand fatigue typically associated with steel scalpels, thereby improving the speed and accuracy of incisions. However, in 
certain cases, there may be no clinically significant differences in intraoperative duration, particularly concerning incision times 
between ES and SSS, as documented elsewhere [23].

In addition to shorter incision time, ES offered several benefits during herniorrhaphy in the calves. Electrosurgical scalpels pro-
vided uniform cutting across various tissue types, minimizing variability in incision quality. In contrast, the inconsistencies in making 
incisions with steel scalpels, particularly when addressing tougher or highly vascularized tissues, reasonably prolonged the surgical 
process. Allowing simultaneous cutting and coagulation, ES reduced the need for frequent instrument-switching intraoperatively, 
leading to a decrease in total operation theater time. Although not investigated in the present study, this finding suggests that a shorter 
surgical duration associated with ES may require reduced dosages and duration of anesthesia, facilitating quick anesthetic recovery.

The incidence of postoperative complications, including discharge, wound dehiscence, and deep scarring, was notably higher in the 
calves treated with steel scalpels. These findings contrast with those of other researchers [45,48,49], who reported an increase in 
postoperative complications associated with the use of electro-scalpels, especially with the ‘coagulation’ mode or with lower power 
setting in ‘cut’ mode (≤30 W) for incisions. However, these complications were not observed when the actual ‘cut’ mode of 
electro-scalpels was used for making incisions, as observed previously [22] and corroborated by the results of the present study. 
Besides, several studies have suggested no remarkable variations in postoperative complications between ES and SSS groups [15,37,41,
50]. In the present study, electro-scalpels provided immediate vessel sealing and tissue coagulation, minimizing postoperative hem-
orrhage and oozing within the wounds, which likely contributed to the absence of visible discharge and wound dehiscence. The 
complications documented for manual scalpel surgery might be because of more invasive tissue handling, tissue damage, increased 
intraoperative time, and hemorrhage, which led the animals to be more stressed than those treated with electro-scalpels. This sub-
sequently might have contributed to increased inflammatory responses during wound healing, leading to surgical site discharge and 
wound dehiscence, with higher risks of postoperative infections. Greater tissue damage may have induced healing through fibrous 
connective tissue proliferation, resulting in more prominent scarring in the scalpel group observed until three weeks post-surgery. 
Conversely, a previous investigation has documented scarring to be more pronounced in the ES group compared to the SSS group 
seven days post-surgery [45]. This may be because the heat generated by the alternating current caused excessive damage to sur-
rounding tissues. Therefore, the use of electrosurgical devices should be tailored to specific applications, with accurate current settings 
for both coagulation and cut modes according to tissue types, requiring skilled hands. In addition, the selection of electrosurgical 
electrode tips, incision speed and pattern, and suturing techniques might be important variables. Besides, several other studies have 
demonstrated no significant differences in scar tissue formation between ES and SSS groups three months postoperatively [37,51]. 
These findings suggest that the presence and characteristics of scar tissue may vary depending on the timing of observation of wound 
healing postoperatively, as scar tissue undergoes continuous remodeling over time [52].

The present study documented relatively short-term postoperative pain in the calves treated with ES, which is correlated with 
previous findings [25,50,53]. The greater intensity and durability of postoperative pain in the scalpel group might be attributed to 
increased intraoperative tissue damage, which likely triggered more acute inflammatory responses affecting local nerves and vessels 
during wound healing. This might have resulted in a comparatively prolonged painful condition postoperatively. Nevertheless, 
different studies have demonstrated no significant variations in postoperative pain between ES and SSS groups [15,22,47]. In the 
present study, postoperative pain was assessed by observing the withdrawal reflexes of the animals following manual palpation. This 
pain assessment procedure was implemented based on individual experience and was consistently carried out by the same observer in 
both groups to facilitate a reliable comparison. Accurate pain assessment might be difficult in animals, and variations may arise with 
different observers or the use of various assessment methods, such as pain indexes, scales, or scoring systems described in other studies 
[54,55]. While the pain assessment in the present study was somewhat superficial depending on manual palpation, the 
UNESP–Botucatu unidimensional composite pain scale appears to be more reliable for evaluating postoperative pain in calves [56].

The calves treated with ES demonstrated comparatively faster skin wound healing. This might be ascribed to the minimally invasive 
nature of ES, characterized by shorter incision lengths and reduced tissue trauma, culminating in very minor wound gaps following 
precise approximation of wound edges; this, in turn, resulted in the absence of the postoperative complications observed with SSS. This 
finding contrasts the previous report [45], where delayed healing was associated with ES. Additionally, several studies have indicated 
no significant differences in wound healing between ES and SSS groups [22,37]. Thus, it is worth mentioning that postoperative 
healing in animals is dependent not only on the surgical devices used (steel scalpel and electro-scalpel) but also on the types of surgical 
cases, patients, and associated anatomical structures and tissues. Ultrasonography provided valuable insights into postoperative 
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wound healing by detecting the extent of granulation tissue, wound gap, and wound contraction, with superior outcomes observed in 
the ES group. The feasibility of sonographic techniques in this context is substantiated by relevant studies [57,58].

The procedures used in premedication, sedation, surgical intervention, and suturing, are concordant with those documented in 
other studies [1,2,59]. No recurrence of hernia was noted in either group, which might be attributed to the effectiveness of the surgical 
procedures, postoperative medications, and management. This study is limited by its sample size and reliance on manual observations 
and assessments. Although a postoperative histological evaluation of wound healing was deemed important, it could not be conducted 
due to the owners’ constraints, as all animals in this study were hospital patients rather than experimental subjects.

The use of electrosurgical devices presents certain limitations compared to steel scalpels. While no additional skills are required to 
operate surgical scalpels, the safe and effective use of electrosurgical devices necessitates a comprehensive understanding of elec-
trosurgical biophysics, equipment principles, tissue effects, spatial orientation, and hand-eye coordination [60]. Improper or inex-
perienced application of electrosurgical devices may result in electrothermal injuries, electric shock, unintended burns, accidental 
tearing of adjacent blood vessels, charring, and production of surgical smoke [61]. Hence, it is imperative to possess appropriate 
knowledge of the technique and adhere to safety protocols [61] while operating electrosurgical devices for bovine herniorrhaphy. 
Electrosurgical devices, although commonly used in well-equipped operating theaters, are also available as portable versions [62]. The 
portable versions, powered by batteries, can be easily transported for field use. Moreover, mobile veterinary clinics and services can 
deploy these devices in field operations, enhancing accessibility in remote and resource-limited areas [63].

5. Conclusions

The use of ES, employing both cutting and coagulation modes for dissection and hemostasis during umbilical herniorrhaphy in 
bovine calves, was determined to be superior to the traditional SSS in terms of incision quality, hemorrhage control, postoperative 
complications, and wound healing. Neither ES nor SSS demonstrated any significant adverse effects on the primary clinical or hem-
atobiochemical parameters of the animals. Hence, ES with an accurate current setting based on tissue types, incorporating skilled 
hands, should be considered a feasible approach for umbilical herniorrhaphy in calves. However, further research is warranted to 
explore the thermal damage to surrounding tissues associated with ES, as well as the histological characteristics of wound healing 
following its application in bovine umbilical herniorrhaphy.
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