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Effect of monopolar diathermy 
power settings on postoperative 
pain, wound healing, and tissue 
damage after tonsillectomy: 
a randomized clinical trial
Ju Hyun Yun 1,3, Jeon Yeob Jang 1,3, Yoo Seob Shin 1, Hyun Jun Kim 1,2, Chul‑Ho Kim 1 & 
Do‑Yang Park 1,2*

This study aimed to assess the impact of varying monopolar diathermy power settings on 
postoperative pain, hemorrhage, and wound healing following tonsillectomy. A single-center, 
prospective, randomized, double-blinded, controlled clinical study was conducted. During bilateral 
tonsillectomy procedures, one tonsil received low-power settings (15 W, cutting/blend) while the 
other tonsil received high-power settings (35 W, cutting/blend). Postoperative pain scores (0–10) and 
wound healing scores (0–3) were evaluated immediately after surgery and at 1, 2, and 4 weeks 
postoperatively using the visual analog scale. Additionally, histological analysis was performed on 
electrically resected tonsil tissues to assess tissue damage in the tonsil bed. The allocation of high and 
low power settings to each side was randomized. Results showed that 1 week after the surgery, the 
high-power group experienced significantly higher pain scores (mean ± standard deviation: 4.84 ± 2.21) 
compared to the low-power group (3.56 ± 2.24, p = 0.049). Moreover, the high-power side exhibited 
slower wound healing during the initial 1–2 weeks postoperatively, as indicated by lower wound scores 
at 2 weeks (high-power: 1.96 ± 0.64; low-power: 2.43 ± 0.59, p = 0.008). Furthermore, histological 
analysis revealed significantly deeper tissue degradation on the high-power side compared to the 
low-power side (p < 0.001), with mean depths of 565.2 ± 291.0 µm and 156.0 ± 36.8 µm, respectively. In 
conclusion, these findings suggest that when employing monopolar diathermy in tonsillectomy, lower 
power settings can lead to improved outcomes in terms of postoperative pain, wound healing, and 
tissue damage.

Trial registration: CRIS identifier: KCT0005670 (cris.nih.go.kr, registration date: 11/12/2020).

Tonsillectomy is a multi-frequency surgery with indications for various causes and diseases, such as frequent 
tonsillitis, obstructive sleep apnea, deep neck infection, and oropharyngeal abscess1–3. Since the conception 
of tonsillectomy, resection and hemostasis of the tonsils have utilized a variety of methods, from tools such as 
thread, surgical steel knives, and traditional compression dressing to various suture techniques. Early tonsillec-
tomy was time-consuming and associated with a relatively large amount of perioperative bleeding and delayed 
wound recovery4. From the mid-1900s to the present day, electrical surgical units (ESUs) capable of relatively 
rapid surgery and hemostasis, such as electric monopolar cautery4,5, coblation6, and plasmablade7, have been 
applied in tonsillectomy. These innovations aim to reduce operation time, minimize complications, decrease 
intraoperative and postoperative bleeding, alleviate postoperative pain, and shorten the recovery period8. The 
most commonly used ESU device is a monopolar electro-surgery instrument9–11.

There have been various studies and guidelines for tonsillectomy, mainly in terms of postoperative major 
and minor bleeding and reoperation. Representatively, in 2004, Lowe et al. observed that when monopolar dia-
thermy was applied, it showed a statistically significant increase in postoperative bleeding and reoperation rates 
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compared to cold steel knife and the NICE guideline published in 2005 reported that it was better to avoid tonsil 
surgery using monopolar diathermy12,13. However, there have been differences of opinion on the study design14, 
and there have also been various opposing studies on the results15,16. Even after that, monopolar diathermy for 
tonsillectomy is the most frequently applied method4,11,16–18. It may be caused by differences in the medical envi-
ronment between countries, shorter surgery time and convenience of surgery, which can be related to the rate 
of complications in patients. In addition, since most studies focused on bleeding and reoperation, few studies 
reported on patient discomfort, pain, or wound recovery.

According to the results of tonsillectomy studies performed with various instruments with various amounts of 
energy, it is thought that high bleeding and reoperation tendencies are mainly observed when devices with high 
energy are used2,19–21. Monopolar electro-surgery instrument can adjust the electrical power (0–300 W) within 
the allowable range, and support three or more modes depending on the electrical frequency and type. The mode 
is determined according to the target area, the depth of electrical penetration, and whether hemostasis should 
be performed simultaneously. Regarding electrical power (Watt) for cutting, the operator should begin by using 
the minimum predictable power and gradually increase it to determine the optimal power22,23. However, in most 
cases, the initial power is determined by the experience of the surgeon and the routine manual supplied by the 
hospital, and the ESU power is finely adjusted at the discretion of the surgeon during surgery.

Despite the need for objective research, few well-controlled systematic studies of the relationship between 
ESU power and postoperative parameter, such as discomfort, pain, and wound healing parameters, have been 
conducted. Therefore, even in monopolar electro-surgery, postoperative results such as the recovery rate of the 
surgical wound and patient pain can differ according to the applied ESU power. However, the effects of varying 
monopolar diathermy power settings on postoperative parameters including patient outcome and histological 
characteristics have not been established.

We studied the patient’s pain levels, wound healing rates, and tissue status according to the amount of energy 
used in monopolar diathermy, which has been the most commonly used method until now. This study aimed 
to investigate the effect of varying monopolar diathermy power settings on postoperative pain, hemorrhage, 
complications, and wound healing following tonsillectomy.

Methods
Study participants
Among the patients who visited our hospital between Dec 2018 and September 2020, we enrolled participants 
between 19 and 65 years old who required bilateral tonsillectomy for indications such as chronic frequent tonsil-
litis, tonsillolith, and simple snoring with tonsillar hypertrophy. Children and pregnant women, patients with 
abnormal enlargement of one side of the tonsils, excessive asymmetry of the left and right tonsils, abscess on 
one or both sides of the tonsils, high inflammatory findings, and patients requiring radical surgical treatment 
for which it is difficult to secure adequate surgical planes due to tonsil cancer or related lesions were excluded.

Of the 29 patients who agreed to participate in the study, three were initially excluded due to a history of 
peritonsillar abscess. In the middle of the study, six patients were excluded due to follow-up loss after discharge. 
In the final analysis, 40 bilateral tonsils of 20 patients were analyzed, completely (Fig. 1). This prospective, double-
blinded, randomized clinical trial was conducted after obtaining approval from the Institutional Review Board of 
a tertiary hospital (AJIRB-MED-THE-18-398). This clinical trial was registered in the Clinical Research Infor-
mation Service, Republic of Korea (No. KCT0005670, registration date: 11/12/2020). Written informed consent 
was obtained from all patients. We conducted this study in accordance with the Helsinki Declaration and the 
Good Clinical Practice guidelines and reported the findings based on the applicable Consolidated Standard of 
Reporting Trials guidelines. A reporting guideline checklist is included in the Supplementary Information file.

Protocol for tonsillectomy with varying electrical power
A single otolaryngologist expert performed the tonsillectomy using a monopolar diathermy unit (Valleylab Force 
FX Electrical Generator C, Boulder, CO) and blend mode with a sharp steel needle tip (Covidien‐Medtronic, 
Minneapolis, MN) with different electrical intensities applied to the left and right sides. Among the monopolar 
electro-surgery intensities, mainly adjusted at 20 W or less17, that are generally recommended in the official 
manual (10–40 W)23, we excluded the minimum (10 W) and maximum (40 W) values. These two extreme values 
were not applied in order to avoid possible complications in the participants. A simple randomization method 
was used: an online randomization program (http://​www.​rando​mizat​ion.​com) was used to determine the which 
power (35 W or 15 W) was applied to which side for each patient, i.e. 15 W on one side and 35 W on the other. 
In the event of unexpected excessive bleeding, damage to the tonsil capsules, unexpected tonsil abscesses, or 
other complications during surgery, it was decided to apply the conventional electrical power of 20 W and drop 
out the participants from the study. Hemostasis was performed to a minimum degree when bleeding occurred 
with 15 W power using a bipolar instrument.

Outcome measures and follow‑up
The operation time was measured for each side. The pain was evaluated using the Wong–Baker Pain Scale24,25 
(a visual analogue scale [VAS] with a score of 0–10) for each side within 2 h and at 1, 2, and 4 weeks postopera-
tively. Patients who were not informed to which side received which monopolar settings, were asked about their 
pain level on each side as follows: “On a scale of 0 to 10, where 0 indicates no pain and 10 represents the most 
severe pain you have ever experienced, what is your pain score?”. Endoscopic evaluations of the surgical wounds 
on each side were performed within 2 h and at 1, 2, and 4 weeks postoperatively. Postoperative wound healing 
was evaluated by another otorhinolaryngologist expert who did not perform tonsillectomy and was blinded 
to patient information, by scoring the size of pinkish membrane coverage over the tonsillar fossa26. Coverage 
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of < 10% = 0 point; 10% ≤ 1 point < 25%; 25 ≤ 2 points < 50%; and 50% ≤  3 points. Postoperative complications 
were also recorded for each side.

Histological analysis
The effect of the ESU power on the surgical wound can be accurately determined by measuring the depth of the 
surgical wound (i.e., of the electrical burn), which can be achieved by harvesting the superior pharyngeal con-
strictor muscle of the tonsil bed after tonsillectomy. However, in human studies, this is against safety and ethics 
regulations. Therefore, the degree of surgical burn and depth of electrical penetration were measured by staining 
the resected side of the tonsils, which is believed to reflect the influence of the electrical burn on the tonsil bed.

In a standardized manner, the tonsil specimens were excised by electro-surgery at 15 W and 35 W. The excised 
tonsils were fixed in 10% formalin overnight. The tonsils were then embedded in paraffin, and the paraffin blocks 
were sectioned at 5 μm thickness. To visualize the wounds and connective tissue around the tonsils, the slides 
were stained with hematoxylin and eosin and Masson’s trichrome. After staining, tonsil specimens were imaged 
using an inverted light microscope (magnification × 40, IX73-F22PH, Olympus). The dimensions of the cutting 
plane of the tonsil surface in images were calculated using ImageJ software. The thickness of the connective tissue, 
which was hypothesized to shrink due to the electrical energy, and the depth of wound damage were measured.

Figure 1.   CONSORT flow diagram for study enrollment. VAS visual analog scale.
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Statistical analysis
The sample size was calculated using G*Power 3.1.9.2 (Heinrich-Heine-Universität, Germany), with the effect size 
selected based on both the researcher’s experience and previous literature26,27. With paired surgical wound side 
of high power applied and low power applied, statistical analysis was conducted using paired t-tests. Statistical 
analysis was conducted using SPSS version 22.0.0 (IBM Corp., Armonk, NY) and GraphPad Prism 6 (GraphPad 
Software Inc., La Jolla, CA). All data are expressed as the mean ± standard deviation. A p-value of < 0.05 (two-
sided) was regarded as statistically significant.

Ethical approval
All procedures performed in the studies involving human participants were in accordance with the ethical 
standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards.

Informed consent
Informed consent was obtained from all individual participants included in the study.

Results
Patient demographics
There were a total of 26 participants, mean participant age was 24.7 ± 5.4 (young adult), the male: female ratio 
was 9:17, mean BMI was 26.3 ± 4.1 (mild obesity)28, and the most common surgical indication was frequent 
tonsillitis (Table 1).

Intraoperative and early postoperative outcomes
The operation time was significantly reduced on the high-power side relative to the low-power side, with 
5.06 ± 1.54 min in the high-power side group and 6.11 ± 2.06 min in the low-power side group (p < 0.001) (Fig. 2). 
In the evaluation of pain immediately after surgery, the participants’ VAS pain scores were significantly more 
severe on the side to which high-power was applied, with a 6.92 ± 2.06 pain score in the high-power group and 
a 5.80 ± 2.12 pain score in the low-power group (p = 0.001) (Fig. 3). Since there was no wound healing process 
right after the surgery, there was no difference in the degree of wound healing in either the high-power or low-
power application (Fig. 3). All patients were discharged the day after surgery, and no immediate postoperative 
bleeding was observed at the surgical site during the admission period.

Table 1.   Baseline demographic characteristics of enrolled patients (n = 26). SD standard deviation, BMI body 
mass index.

Variables Total (n = 26)

Age (years), mean ± SD 24.72 ± 5.43

Male:female 9:17

BMI (kg/m2) 26.27 ± 4.11

Reason for tonsillectomy, n (%)

 Frequent tonsillitis 21 (80.7)

 Tonsilolith 3 (11.5)

 Snoring 2 (7.7)

Figure 2.   Operation time between high- and low-power settings. The operation time was lower on the high-
power side.
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Late postoperative outcomes
At week one postoperatively, the pain was significantly greater on the high-power side than on the low-power 
side, with a 4.84 ± 2.21 pain score in the high-power group and 3.56 ± 2.24 pain score in the low-power group 
(p = 0.049). At week 2, postoperatively, the pain was not significantly different between the high-power side 
(1.26 ± 1.84 pain score) and the low-power side (0.78 ± 1.04 pain score, p = 0.061). By week 4 postoperatively, 
there were no pain complaints on either side (Fig. 3). In the comparison of the surgical wound, wound heal-
ing was significantly more delayed on the high-power side than on the low-power side with a wound score of 
0.70 ± 0.56 and 1.00 ± 0.74 in the high-power and low-power groups (p < 0.001), respectively, at 1 week, and a 
wound score of 1.96 ± 0.64 and 2.43 ± 0.59 in the high-power and low-power groups (p = 0.008), respectively, 
at 2 weeks, postoperatively. Regardless, complete wound healing was observed at the same time of week 4, on 
both sides, postoperatively (Fig. 3). Delayed postoperative bleeding occurred in 1 patient (3.8%) on the high-
power side, but it was successfully controlled by applying direct pressure with gauze and performing a single 
cauterization using a bipolar cautery device under local anesthesia. There were no cases of major complications 
for re-operation or admission.

Histological features of the surgical specimens
Histologic features were compared among 20 specimens from 10 patients who agreed to provide a surgical speci-
men. The thickness from tonsil parenchyma of the resected connective tissue (between the tonsil and pharyngeal 
constrictor muscle) did not significantly differ, with a mean depth of 160.3 ± 39.5 µm and 136.8 ± 40.5 µm in 
the low and high-power groups (p = 0.83), respectively, but a greater degree of shrinkage due to electrical was 
observed on the high-power side than the low-power side. Especially, the damage to the tonsil parenchyma was 
significantly more extensive and deeper on the high-power side relative to the low-power side with a mean of 
156.0 ± 36.8 µm and 565.2 ± 291.0 µm depth in both the low and high-power groups (p < 0.001), respectively. 
(Fig. 4).

Discussion
There is a common belief among otolaryngologists that an increase in the diathermy energy used to carry out 
a tonsillectomy is associated with an increase in postoperative pain and wound healing29. This is thought to be 
due to a higher rate of tissue necrosis in the surgical plane, leading to an increase in postoperative pain and risk 
of delayed wound healing1,30,31. This study aimed to examine the effect of varying power settings in monopolar 
diathermy tonsillectomy on parameters such as operation time, postoperative pain, and wound healing. On 
the high-power side, the operation time was shorter, but the immediate and early postoperative pain was more 
severe, and wound healing was delayed. Pathologic findings showed that the damage to the tonsil parenchyma 
was deeper. Further, postoperative bleeding was more frequent on the high-power side. These findings suggest 
a dose–response relationship between the intensity of diathermy energy and the degree of damage to the sur-
rounding surgical plane12.

The NICE guideline published in 2005 indicated that monopolar diathermy tonsillectomy, which had become 
popular with the development of ESU, may be somewhat dangerous in terms of postoperative bleeding compared 
to cold steel knife tonsillectomy. However, even today, tonsillectomy using monopolar diathermy is the most 
used in terms of the short operation time, which can reduce surgical complications, and operator convenience, 
and bipolar diathermy is often applied to control bleeding during surgery4,11–18.

Different surgical instruments are available for performing various types of tonsillectomy. These include 
cold steel knife and snare, monopolar and bipolar electro-surgery, carbon dioxide laser, and ultrasonic scal-
pel. Monopolar cautery is the most commonly used surgical method in tonsillectomy. Overall, this technique 
facilitates time-effectiveness, availability, and maneuverability. However, some limitations are associated with 
its use regarding thermal damage around the tissues, such as hemorrhage and wound healing. As new ESUs 

Figure 3.   Comparison of visual analog scale pain scores and wound healing scores between the low-power 
and high-power sides. (A) Higher pain was reported on the high-power side than on the lower power side from 
immediately after surgery to 1 week after surgery. (B) The size of the surgical wound was the same immediately 
after the operation, but at 1–2 weeks postoperatively, wound recovery was slower on the high-power side 
than on the low-power side. Regardless, both sides were fully healed at 4 weeks. Error bars represent standard 
deviation. VAS visual analog scale, n.s. not significant. *p < 0.05.
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are developed, attempts to apply them to tonsillectomy continue to this day. When comparing tonsillectomy 
using diathermy to past cold knife surgery, the operation time is relatively short, but the incidence of secondary 
hemorrhage is reportedly high32. When the developed radiofrequency coblator was applied to tonsillectomy, the 
incidence of secondary hemorrhage was lower than that of diathermy33. Ultrasonic ESUs involve the application 
of a lower temperature than previous instruments, thus offering the advantage of minimizing tissue damage. 
Such devices are also associated with certain advantages regarding patient wellbeings, such as postoperative 
pain and wound healing periods34–37. Therefore, the electrical energy applied to the surgical plane is thought to 
influence both the patient’s operative and postoperative progress. However, in a study comparing the effect of 
different ESU powers on patients using the same instrument, rather than comparing different instruments, it 
was reported that the higher the power the shorter the surgery time. Therefore, if the ESU does not accurately 
measure the ‘on’ time on the surgical plane, there may be a difference in the actual applied electrical energy 
(power × time). In a study in which a timer developed by the author was applied to the foot switch of a bipolar 
diathermy device, the exact amount of energy applied to the surgical surface was determined by measuring the 
exact time that the actual bipolar diathermy was applied38. This clinical study also reported a higher tendency 
of postoperative bleeding at a high power.

Several studies have reported the effect of monopolar diathermy power on surgical wounds, but not tonsil-
lectomy, according to the severity. When monopolar diathermy with different power settings was applied to 
the oral mucosa of mice, a narrower mucosal incision margin was observed at high power39. This may have 
the advantage of inducing more precise resection of the lesion by identifying a more precise boundary during 
surgery and shortening the operation time. Beak et al. reported that the high-power setting of electrocautery 
tonsillectomy was associated with a lower minimal hemorrhage rate27. However, since the operation time was 
significantly shorter in the group receiving high power, it is possible that perhaps the amount of energy (power 
setting × usage time) applied to the tonsil bed was erroneously small.

The basic mechanism of tissue resection using ESUs involves heating of the contact tissue via an electric cur-
rent, followed by vaporization and ionization of the water content of tissue, and finally, vapor expansion and tissue 

Figure 4.   Hematoxylin and eosin and Masson trichrome staining for each resected tonsil. The degree of 
connective tissue shrinkage was greater on the high-power side than the low-power side. The depth of tissue 
damage observed on the resected surface of the tonsil parenchyma was significantly more extensive on the high-
power side relative to the low-power side (green arrow). *P < 0.05. H&E hematoxylin and eosin, MT Masson 
trichrome.
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fragmentation40. The amount of thermal energy and the current intervals are correlated with the degree of tissue 
damage41,42. The use of diathermy leads to heating of the tissue to an average temperature of 300–400 °C43. This 
mechanism is associated with postoperative pain, delayed wound healing, and scar contractures44,45. It is not clear 
why higher ESU power settings are associated with more severe postoperative pain and delayed wound healing. 
However, higher diathermy power settings may increase the area of tissue damage by thermal energy, which 
results in a larger area of tissue necrosis within the surgical plane. It was reported that the histological features 
of surgical specimens differed according to cold steel or diathermy dissection, and more damage was observed 
with diathermy dissection21,46. This can be expected to lead to postoperative pain and delayed wound healing.

However, this study has some limitations. First, this study included a small number of participants. To address 
this limitation, we exclusively enrolled adults who could accurately localize and express their own pain, as 
opposed to children. In addition, as an objective indicator, we assessed the wound healing scores and the extent 
of damage in the actual tonsil specimens. Second, it was not possible to measure the exact time when the ESU 
was applied, and the actual amount of applied energy was determined by multiplying the set power by the applied 
time. For accurate measurement, a timer-checking device should have been additionally applied to the ESU unit 
for measurement, but this was not possible because a suitable device could not be found. The time required for 
each operation on both sides was measured to determine the time that the instrument was applied, but this may 
have differed from the actual application time. Regardless, considering that the negative effect was significantly 
greater at high power despite a shorter operation time, the negative effect would have been more pronounced 
if the actual time was compared with the same. Additionally, the usual surgical method was resection of the 
tonsil with monopolar diathermy followed by the application of bipolar diathermy to the active and potential 
bleeding focus of the tonsil bed. Therefore, the effect of monopolar diathermy could be masked to some extent 
by the bipolar diathermy procedure for hemostasis on the tonsil bed. To prevent this potential masking, bipolar 
diathermy was applied with the same 15 W power and only to the same extent possible on both sides. However, 
these limitations must be considered when interpreting our results.

Conclusion
We confirmed that using monopolar diathermy in a relatively low-power setting has more positive effects on 
the patient’s wellbeing, wound healing, and degree of tissue damage after tonsillectomy. Therefore, the surgeon 
should be aware that even if the operation time is slightly longer, it may be more beneficial to the patient to 
proceed with as low-power setting as possible during the operation.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.

Received: 18 May 2023; Accepted: 22 December 2023

References
	 1.	 Galindo Torres, B. P., De Miguel García, F. & Whyte Orozco, J. Tonsillectomy in adults analysis of indications and complications. 

Auris Nasus Larynx 45, 517–521. https://​doi.​org/​10.​1016/j.​anl.​2017.​08.​012 (2018).
	 2.	 Tan, A. K. et al. Coblation vs electrocautery tonsillectomy: Postoperative recovery in adults. Otolaryngol.-Head Neck Surg. 135, 

699–703. https://​doi.​org/​10.​1016/j.​otohns.​2006.​03.​008 (2006).
	 3.	 Setabutr, D., Adil, E. A., Adil, T. K. & Carr, M. M. Emerging trends in tonsillectomy. Otolaryngol. Head Neck Surg. 145, 223–229. 

https://​doi.​org/​10.​1177/​01945​99811​401728 (2011).
	 4.	 Walner, D. L., Parker, N. P. & Miller, R. P. Past and present instrument use in pediatric adenotonsillectomy. Otolaryngol. Head Neck 

Surg. 137, 49–53. https://​doi.​org/​10.​1016/j.​otohns.​2007.​02.​036 (2007).
	 5.	 D’Eredita, R. Tonsillectomy in children: A five-factor analysis among three techniques-reporting upon clinical results, anesthesia 

time, surgery time, bleeding, and cost. Laryngoscope 120, 2502–2507. https://​doi.​org/​10.​1002/​lary.​21128 (2010).
	 6.	 Magdy, E. A., Elwany, S., El-Daly, A. S., Abdel-Hadi, M. & Morshedy, M. A. Coblation tonsillectomy: A prospective, double-blind, 

randomised, clinical and histopathological comparison with dissection-ligation, monopolar electrocautery and laser tonsillecto-
mies. J. Laryngol. Otol. 122, 282–290. https://​doi.​org/​10.​1017/​s0022​21510​70009​3x (2008).

	 7.	 Clenney, T., Schroeder, A., Bondy, P., Zizak, V. & Mitchell, A. Postoperative pain after adult tonsillectomy with PlasmaKnife 
compared to monopolar electrocautery. Laryngoscope 121, 1416–1421. https://​doi.​org/​10.​1002/​lary.​21806 (2011).

	 8.	 Lee, Y. C. et al. Adolescents and adults undergoing temperature-controlled surgical instruments vs electrocautery in tonsillectomy: 
A systematic review and meta-analysis of randomized clinical trials. JAMA Otolaryngol. Head Neck Surg. 146, 339–346. https://​
doi.​org/​10.​1001/​jamao​to.​2019.​4605 (2020).

	 9.	 Thottam, P. J. et al. The utility of common surgical instruments for pediatric adenotonsillectomy. Laryngoscope 125, 475–479. 
https://​doi.​org/​10.​1002/​lary.​24830 (2015).

	10.	 Krishna, P., LaPage, M. J., Hughes, L. F. & Lin, S. Y. Current practice patterns in tonsillectomy and perioperative care. Int. J. Pediatr. 
Otorhinolaryngol. 68, 779–784. https://​doi.​org/​10.​1016/j.​ijporl.​2004.​01.​010 (2004).

	11.	 Walner, D. L., Mularczyk, C. & Sweis, A. Utilization and trends in surgical instrument use in pediatric adenotonsillectomy. Int. J. 
Pediatr. Otorhinolaryngol. 100, 8–13. https://​doi.​org/​10.​1016/j.​ijporl.​2017.​06.​019 (2017).

	12.	 Lowe, D. & van der Meulen, J. Tonsillectomy technique as a risk factor for postoperative haemorrhage. Lancet 364, 697–702. https://​
doi.​org/​10.​1016/​s0140-​6736(04)​16896-7 (2004).

	13.	 (NICE), N. I. f. H. a. C. E. Electrosurgery (Diathermy and Coblation) for Tonsillectomy, Interventional Procedures Guidance [IPG150]. 
https://​www.​nice.​org.​uk/​guida​nce/​ipg150/​resou​rces/​elect​rosur​gery-​diath​ermy-​and-​cobla​tion-​for-​tonsi​llect​omy-​pdf-​18998​63273​
411269 (2005).

	14.	 Shahzad, A. Diathermy and tonsillectomy: Criticism of NICE. J. R. Soc. Med. 97, 610–611. https://​doi.​org/​10.​1258/​jrsm.​97.​12.​610 
(2004).

	15.	 Francis, D. O. et al. Postoperative bleeding and associated utilization following tonsillectomy in children. Otolaryngol. Head Neck 
Surg. 156, 442–455. https://​doi.​org/​10.​1177/​01945​99816​683915 (2017).

https://doi.org/10.1016/j.anl.2017.08.012
https://doi.org/10.1016/j.otohns.2006.03.008
https://doi.org/10.1177/0194599811401728
https://doi.org/10.1016/j.otohns.2007.02.036
https://doi.org/10.1002/lary.21128
https://doi.org/10.1017/s002221510700093x
https://doi.org/10.1002/lary.21806
https://doi.org/10.1001/jamaoto.2019.4605
https://doi.org/10.1001/jamaoto.2019.4605
https://doi.org/10.1002/lary.24830
https://doi.org/10.1016/j.ijporl.2004.01.010
https://doi.org/10.1016/j.ijporl.2017.06.019
https://doi.org/10.1016/s0140-6736(04)16896-7
https://doi.org/10.1016/s0140-6736(04)16896-7
https://www.nice.org.uk/guidance/ipg150/resources/electrosurgery-diathermy-and-coblation-for-tonsillectomy-pdf-1899863273411269
https://www.nice.org.uk/guidance/ipg150/resources/electrosurgery-diathermy-and-coblation-for-tonsillectomy-pdf-1899863273411269
https://doi.org/10.1258/jrsm.97.12.610
https://doi.org/10.1177/0194599816683915


8

Vol:.(1234567890)

Scientific Reports |          (2024) 14:267  | https://doi.org/10.1038/s41598-023-50633-z

www.nature.com/scientificreports/

	16.	 Mitchell, R. B. et al. Clinical practice guideline: Tonsillectomy in children (Update). Otolaryngol.-Head Neck Surg. 160, S1–S42. 
https://​doi.​org/​10.​1177/​01945​99818​801757 (2019).

	17.	 Messner, A. H. Tonsillectomy. Oper. Tech. Otolaryngol. Head Neck Surg. 16, 224–228. https://​doi.​org/​10.​1016/j.​otot.​2005.​09.​005 
(2005).

	18.	 Francis, D. O. et al. Tonsillectomy for Obstructive Sleep-Disordered Breathing or Recurrent Throat Infection in Children (Agency for 
Healthcare Research and Quality (US), 2017).

	19.	 Garcia Callejo, F. J. et al. Factors related to post-tonsillectomy pain in adults. Acta Otorrinolaringol. Esp. 67, 23–32. https://​doi.​
org/​10.​1016/j.​otorri.​2015.​01.​004 (2016).

	20.	 Lowe, D. et al. Diathermy power settings as a risk factor for hemorrhage after tonsillectomy. Otolaryngol. Head Neck Surg. 140, 
23–28. https://​doi.​org/​10.​1016/j.​otohns.​2008.​08.​025 (2009).

	21.	 O’Leary, S. & Vorrath, J. Postoperative bleeding after diathermy and dissection tonsillectomy. Laryngoscope 115, 591–594. https://​
doi.​org/​10.​1097/​01.​mlg.​00001​61361.​66191.​60 (2005).

	22.	 Park, D. Y. et al. Correlations between pediatric obstructive sleep apnea and longitudinal growth. Int. J. Pediatr. Otorhinolaryngol. 
106, 41–45. https://​doi.​org/​10.​1016/j.​ijporl.​2018.​01.​001 (2018).

	23.	 Medtronic. Force Fx. Electrosurgical Generator C. User’s Guide. https://​www.​medtr​onic.​com/​conte​nt/​dam/​covid​ien/​libra​ry/​us/​en/​
produ​ct/​elect​rosur​gical-​hardw​are/​force-​fx-​elect​rosur​gical-​gener​ator-​users-​guide.​pdf (2020).

	24.	 Gostian, A. O. et al. Postoperative pain after tonsillectomy—The value of standardized analgesic treatment protocols. Auris Nasus 
Larynx 47, 1009–1017. https://​doi.​org/​10.​1016/j.​anl.​2020.​05.​011 (2020).

	25.	 Owczarzak, V. & Haddad, J. Jr. Comparison of oral versus rectal administration of acetaminophen with codeine in postoperative 
pediatric adenotonsillectomy patients. Laryngoscope 116, 1485–1488. https://​doi.​org/​10.​1097/​01.​mlg.​00002​27530.​64179.​1f (2006).

	26.	 Moon, J. H., Lee, M. Y., Chung, Y. J., Rhee, C. K. & Lee, S. J. Effect of topical propolis on wound healing process after tonsillectomy: 
Randomized controlled study. Clin. Exp. Otorhinolaryngol. 11, 146–150. https://​doi.​org/​10.​21053/​ceo.​2017.​00647 (2018).

	27.	 Baek, M.-K. et al. A pilot randomized comparative study of two diathermy power settings for monopolar microdissection and 
bipolar hemostasis during tonsillectomy. Korean J. Otorhinolaryngol. Head Neck Surg. 59, 836–842 (2016).

	28.	 Oh, S. W., Shin, S. A., Yun, Y. H., Yoo, T. & Huh, B. Y. Cut-off point of BMI and obesity-related comorbidities and mortality in 
middle-aged Koreans. Obes. Res. 12, 2031–2040. https://​doi.​org/​10.​1038/​oby.​2004.​254 (2004).

	29.	 Murty, G. E. & Watson, M. G. Diathermy haemostasis at tonsillectomy: Current practice—A survey of U.K. otolaryngologists. J. 
Laryngol. Otol. 104, 549–552. https://​doi.​org/​10.​1017/​s0022​21510​01131​31 (1990).

	30.	 Nadig, S. K., Back, G. W., Uppal, S. & Coatesworth, A. P. A blinded in vitro comparison of five sets of bipolar diathermy forceps. 
Clin. Otolaryngol. Allied Sci. 29, 721–724. https://​doi.​org/​10.​1111/j.​1365-​2273.​2004.​00872.x (2004).

	31.	 Phillipps, J. J. & Thornton, A. R. Tonsillectomy haemostasis: Diathermy or ligation. Clin. Otolaryngol. Allied Sci. 14, 419–424. 
https://​doi.​org/​10.​1111/j.​1365-​2273.​1989.​tb003​97.x (1989).

	32.	 Nunez, D. A., Provan, J. & Crawford, M. Postoperative tonsillectomy pain in pediatric patients: Electrocautery (hot) vs cold dis-
section and snare tonsillectomy—A randomized trial. Arch. Otolaryngol. Head Neck Surg. 126, 837–841. https://​doi.​org/​10.​1001/​
archo​tol.​126.7.​837 (2000).

	33.	 Aksoy, F., Ozturan, O., Veyseller, B., Yildirim, Y. S. & Demirhan, H. Comparison of radiofrequency and monopolar electrocautery 
tonsillectomy. J. Laryngol. Otol. 124, 180–184. https://​doi.​org/​10.​1017/​s0022​21510​99916​42 (2010).

	34.	 Cushing, S. L., Smith, O., Chiodo, A., Elmasri, W. & Munro-Peck, P. Evaluating postoperative pain in monopolar cautery versus 
harmonic scalpel tonsillectomy. Otolaryngol. Head Neck Surg. 141, 710–715. https://​doi.​org/​10.​1016/j.​otohns.​2009.​08.​023 (2009).

	35.	 Potts, K. L., Augenstein, A. & Goldman, J. L. A parallel group analysis of tonsillectomy using the harmonic scalpel vs electrocautery. 
Arch. Otolaryngol. Head Neck Surg. 131, 49–51. https://​doi.​org/​10.​1001/​archo​tol.​131.1.​49 (2005).

	36.	 Jones, D. T. et al. Comparison of postoperative pain in pediatric patients undergoing coblation tonsillectomy versus cautery tonsil-
lectomy. Otolaryngol. Head Neck Surg. 144, 972–977 (2011).

	37.	 Littlefield, P. D., Hall, D. J. & Holtel, M. R. Radiofrequency excision versus monopolar electrosurgical excision for tonsillectomy. 
Otolaryngol. Head Neck Surg. 133, 51–54 (2005).

	38.	 Cardozo, A. A., Hallikeri, C., Lawrence, H., Sankar, V. & Hargreaves, S. Teenage and adult tonsillectomy: Dose–response relation-
ship between diathermy energy used and morbidity. Clin. Otolaryngol. 32, 366–371. https://​doi.​org/​10.​1111/j.​1749-​4486.​2007.​
01529.x (2007).

	39.	 Warshavsky, A. et al. The effect of diathermy power settings on oral cavity mucosal contraction: A rat model. Laryngoscope. https://​
doi.​org/​10.​1002/​lary.​29155 (2020).

	40.	 Palanker, D., Vankov, A. & Jayaraman, P. On mechanisms of interaction in electrosurgery. N. J. Phys. 10, 123022 (2008).
	41.	 Massarweh, N. N., Cosgriff, N. & Slakey, D. P. Electrosurgery: History, principles, and current and future uses. J. Am. Coll. Surg. 

202, 520–530. https://​doi.​org/​10.​1016/j.​jamco​llsurg.​2005.​11.​017 (2006).
	42.	 Basu, M. K., Frame, J. W. & Rhys Evans, P. H. Wound healing following partial glossectomy using the CO2 laser, diathermy and 

scalpel: A histological study in rats. J. Laryngol. Otol. 102, 322–327. https://​doi.​org/​10.​1017/​s0022​21510​01048​52 (1988).
	43.	 Cristalli, G. et al. Histopathological assessment in glossectomy: Harmonic shears versus monopolar electrosurgery pilot study. 

Otolaryngol. Head Neck Surg. 147, 1076–1082. https://​doi.​org/​10.​1177/​01945​99812​456966 (2012).
	44.	 Liboon, J., Funkhouser, W. & Terris, D. J. A comparison of mucosal incisions made by scalpel, CO2 laser, electrocautery, and con-

stant-voltage electrocautery. Otolaryngol. Head Neck Surg. 116, 379–385. https://​doi.​org/​10.​1016/​s0194-​5998(97)​70277-8 (1997).
	45.	 Fisher, S. E., Frame, J. W., Browne, R. M. & Tranter, R. M. A comparative histological study of wound healing following CO2 laser 

and conventional surgical excision of canine buccal mucosa. Arch. Oral Biol. 28, 287–291. https://​doi.​org/​10.​1016/​0003-​9969(83)​
90069-9 (1983).

	46.	 Yamahara, K., Lee, K., Egawa, Y., Nakashima, N. & Ikegami, S. Surgical outcomes and unique histological features of tonsils after 
tonsillectomy in adults with periodic fever, aphthous stomatitis, pharyngitis, and cervical adenitis syndrome. Auris Nasus Larynx 
47, 254–261. https://​doi.​org/​10.​1016/j.​anl.​2019.​08.​009 (2020).

Acknowledgements
This was not an industry-supported study. This work was supported by a National Research Foundation of Korea 
Grant funded by the Korean Government (NRF-2019R1A2C4002468) to D.Y. Park. The funders had no role in 
the study design, data collection, and analysis, decision to publish, or preparation of the manuscript.

Author contributions
Conceptualization: D.-Y.P. Data curation: J.Y.J. Formal analysis: J.H.Y., J.Y.J. Funding acquisition: D.-Y.P. Meth-
odology: J.H.Y., J.Y.J., Y.S.S., H.J.K., C.-H.K., D.-Y.P. Supervision: D.-Y.P. Validation: J.H.Y., J.Y.J., D.-Y.P. Writ-
ing—original draft: J.H.Y., D.-Y.P. Writing—review and editing: J.H.Y., J.Y. J., Y.S.S., H.J.K., C.-H.K., D.-Y.P.

Competing interests 
The authors declare no competing interests.

https://doi.org/10.1177/0194599818801757
https://doi.org/10.1016/j.otot.2005.09.005
https://doi.org/10.1016/j.otorri.2015.01.004
https://doi.org/10.1016/j.otorri.2015.01.004
https://doi.org/10.1016/j.otohns.2008.08.025
https://doi.org/10.1097/01.mlg.0000161361.66191.60
https://doi.org/10.1097/01.mlg.0000161361.66191.60
https://doi.org/10.1016/j.ijporl.2018.01.001
https://www.medtronic.com/content/dam/covidien/library/us/en/product/electrosurgical-hardware/force-fx-electrosurgical-generator-users-guide.pdf
https://www.medtronic.com/content/dam/covidien/library/us/en/product/electrosurgical-hardware/force-fx-electrosurgical-generator-users-guide.pdf
https://doi.org/10.1016/j.anl.2020.05.011
https://doi.org/10.1097/01.mlg.0000227530.64179.1f
https://doi.org/10.21053/ceo.2017.00647
https://doi.org/10.1038/oby.2004.254
https://doi.org/10.1017/s0022215100113131
https://doi.org/10.1111/j.1365-2273.2004.00872.x
https://doi.org/10.1111/j.1365-2273.1989.tb00397.x
https://doi.org/10.1001/archotol.126.7.837
https://doi.org/10.1001/archotol.126.7.837
https://doi.org/10.1017/s0022215109991642
https://doi.org/10.1016/j.otohns.2009.08.023
https://doi.org/10.1001/archotol.131.1.49
https://doi.org/10.1111/j.1749-4486.2007.01529.x
https://doi.org/10.1111/j.1749-4486.2007.01529.x
https://doi.org/10.1002/lary.29155
https://doi.org/10.1002/lary.29155
https://doi.org/10.1016/j.jamcollsurg.2005.11.017
https://doi.org/10.1017/s0022215100104852
https://doi.org/10.1177/0194599812456966
https://doi.org/10.1016/s0194-5998(97)70277-8
https://doi.org/10.1016/0003-9969(83)90069-9
https://doi.org/10.1016/0003-9969(83)90069-9
https://doi.org/10.1016/j.anl.2019.08.009


9

Vol.:(0123456789)

Scientific Reports |          (2024) 14:267  | https://doi.org/10.1038/s41598-023-50633-z

www.nature.com/scientificreports/

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​50633-z.

Correspondence and requests for materials should be addressed to D.-Y.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2024

https://doi.org/10.1038/s41598-023-50633-z
https://doi.org/10.1038/s41598-023-50633-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effect of monopolar diathermy power settings on postoperative pain, wound healing, and tissue damage after tonsillectomy: a randomized clinical trial
	Methods
	Study participants
	Protocol for tonsillectomy with varying electrical power
	Outcome measures and follow-up
	Histological analysis
	Statistical analysis
	Ethical approval
	Informed consent

	Results
	Patient demographics
	Intraoperative and early postoperative outcomes
	Late postoperative outcomes
	Histological features of the surgical specimens

	Discussion
	Conclusion
	References
	Acknowledgements


