Romanian Journal of Rhinology, Volume 8, No. 31, July - September 2018

ORIGINAL STUDY

Comparison of the thermal effects of Coblation and
Radiofrequency waves in a porcine turbinate model
Klaus Vogt1, Inese Daine-Loza1, Maris Sperga2
University of Latvia, Faculty of Medicine, Center of Experimental Surgery, Riga, Latvia
Pathology Center, Riga East Clinical University Hospital, Riga, Latvia

1
2

ABSTRACT
BACKGROUND. Radiofrequency reduction and Coblation are widely used procedures for the treatment of functionally enlarged turbinates with an appropriate outcome. Bleeding and crusting are postoperative complications for Coblation. Thermographic measurements and histological analyses were used to elucidate the causes.
MATERIAL AND METHODS. In a porcine turbinate model, double-needle electrodes of different lengths were tested using
a 4MHz radiofrequency current with either automatic energy limitation or a predetermined energy amount of 200 J. Coblation,
according to the manufacturer’s instructions, was carried out with a Reflex Ultra 45 wand. The generated temperature was
measured with thermo-probes at the tip of the electrodes. The mucosa was subsequently investigated histologically.
RESULTS. Without preoperative saline injection, all procedures generate temperatures < 100° C. After saline injection, excessive temperatures are reached by Coblation after the release of plasma in a closed system. The follow-up is a severe deterioration
of the microscopic structures of the mucosa. The low-temperature advantages of Coblation are only effective if the mandatory
saline solution rinses the surface. The Radiofrequency applications deliver more predictable results.
CONCLUSION. For the treatment of the functional enlargement of the turbinates, Radiofrequency current with proofed settings should be chosen.
KEYWORDS: turbinate reduction, coblation, radiofrequency ablation, temperature measurements, tissue damage.

INTRODUCTION
The surgical treatment of nasal turbinates is certainly one of the most frequent procedures in rhinology due to the importance of the turbinates for the
resistance of the entire airway. A large number of publications exist discussing various energy-based treatment modalities of turbinate hyperplasia. In 2000, Hol
and Huizing1 had already listed 141 publications since
the year 1845, which mark the beginning of studies on
energy-based turbinate treatment. In a recent paper,
Passali et al.2 drew on their own former publications
and referred to additional reports on the application
of Radiofrequency ablation and Coblation. Through
postoperative investigations, the authors have found
these methods to have almost the same outcomes.
They reported a remarkable reduction of nasal airway
resistance and an increase in the nasal cross-sectional
area for one year postoperatively, as well as a low recurrence rate with increasing resistance over a period

of three years. Shah6 reported favourable outcomes of
Coblation turbinate reduction compared to bipolar
electrosurgery intramural reduction. Vogt and
Enache3, in a retrospective study, described 150 cases
of Radiofrequency (RF) turbinate reductions evaluated by pre- and postoperative 4-phase rhinomanometry. Cukurova et al.4 reported the same good
experience regarding the application of Radiofrequency in 197 cases after control by acoustic rhinometry and a VAS-scale. Bran7 et al. reported excellent
results with 4MHz bipolar Radiofrequency ablation of
the inferior turbinates in a prospective, single-blinded,
placebo-controlled crossover trial. In summary, RFturbinate reduction and Coblation seem to be frequently used methods for the treatment of turbinate
hyperplasia.
Coblation claims to be a low-temperature technology (“cold ablation”), where plasma created at the tip
of the instrument breaks the molecular structures and
disintegrates tissue8. According to the manufacturer,
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the temperature in the tissue will be around 60°C.
With 4MHz Radiofrequency claiming to be a minimally-invasive, gentle method of creating tissue lesions, it is well suited for the delicate resection of
structures at minimally lateral thermal damage when
cutting through tissue9,10.
The aim of any energy-based method for reduction
of the turbinates should be as follows:
• Decreasing the blood supply to reduce excessive
swelling;
• Preserving the mucociliary epithelium;
• Minimizing postoperative bleeding and the duration of postoperative care;
• Achieving long-term relief of symptoms.
From a technical point of view, the procedure has
to produce a precisely circumscribed submucosal lesion. Excessive heat will lead to unwanted tissue damage, potentially leading to turbinate bone necrosis or
mucosal necrosis. Such effects would have a negative
impact on wound healing, postoperative pain, preservation of the turbinate function and recovery in general. Additionally, due to the immense impact on the
quality of life, such a routine method should be available at reasonable costs per procedure.
The aim of this experimental in-vitro study was to
measure and map the temperature at the tip of the electrodes of a bipolar 4MHz RF system and of a Coblation
wand in a porcine turbinate model. A histological evaluation of tissue damage was performed to verify and validate the thermal measurements and with the intention
of gaining further insights on the tissue effects of the
two technologies.

Figure 1 Turbinates of the pig (sagittal and 2 cross sections).

Figure 2 Reflex Ultra 45 wand.

MATERIAL AND METHODS
Turbinate specimens and histological analysis
We used the lower turbinates of freshly slaughtered
pigs, which are comparable to human turbinates and
only differ in length and cross section. The mucosa
has a similar thickness. Porcine lower turbinates are
fully pneumatized, and the bony structures are thin,
which is helpful as they can easily be removed for experimental purposes (Figure 1).
The specimens were fixed in a 4% formalin solution
and processed in a specialized laboratory (Laboratory
Dr. Hartig, Buchholz, Nordheide/Germany). They
were stained with HE (hematoxylin and eosin). For
the numeric evaluation of the histological specimens,
an OLYMPUS BX 43 F microscope with a UC30 camera was used, with program Cell D 3.4.
Energy-based devices and electrodes
For the Coblation experiments, a Coblator II (Arthrocare/Smith&Nephew) with a Reflex Ultra 45 wand was
used (Figure 2, Figure 3). The coblator operates at a fre-

Figure 3 Right lower turbinate of a pig after 3rd lesion by Coblation. 1, 2,
3 - subsequent lesions, T – thermo-probe, W - wand. The lesions are marked
by needles for the histological evaluation.

quency of 100.1 kHz. Saline fluid irrigation, which is normally applied for Coblation dissections, cannot be used
during the “channelling” procedure under the turbinate
mucosa and it is replaced by saline gel as per the manufacturer’s instructions. The wand works via a bipolar concentric electrode and it was used in three submucosal locations
lying 1cm apart. The diameter of the electrode is 1.94 mm.
The wand was activated at each location for 10 seconds in
the ablation mode, at intensity level 6, as per the recom-
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Figure 4 Bipolar electrode with 10 mm working length in the left lower

Figure 5 Bipolar electrode, 25 mm working length, before activation. A

turbinate, with a thermo-probe between the tips and after delivery of 200 J.

thermo-probe is inserted between the tips of the needles.

mendations by Shah et al.6 and following the instructions
of the manufacturer. To simulate the real surgical procedure, which would mostly be performed under local anaesthesia, experiments were carried out with and without
injection of 0.9% saline solution as an isotonic medium.
For the application of Radiofrequency energy with
a frequency of 4MHz, the CURIS microsurgical RF
generator (Sutter GmbH, Freiburg/Germany) was
used. In our experimental set-up, we used two slightly
different electrode types: a bipolar parallel needle
electrode with 10 mm active length and a protective
insulation proximal to the active part to protect the
mucosa after insertion. The diameter of the needle is
0.8 mm, and the distance between the tips is 2.0 mm
(Figure 4). This “Binner” needle is commonly offered
with the CURIS Generator.
The second electrode design differed only in the
length of the active portion of the electrode. Instead of
10 mm active length, it had an active length of 25 mm
(Figure 5). Since we found no significant difference in
the temperature profile between the two versions, only
the results for the 10 mm needle are presented.
The CURIS generator was operated in the RaVoR
mode at a setting of 10 watts. This mode was specifically designed for interstitial bipolar ablation. It controls energy delivery by measuring tissue impedance
and stops energy delivery automatically. Again, like
with the Coblation experiment, the procedures were

carried out with and without injection of 0.9% saline
solution as an isotonic medium.
Temperature measurements
For temperature measurements, a Voltcraft IR
1200-50D USB device was used with a cable thermoprobe and the datalogger software Voltsoft Pro.
Procedure of the experiments
In a series of two experiments, the electrodes were
submucosally inserted either without an injection of saline or after injection of 2-3 ml of a 0.9% saline solution.
After electrode insertion, the thermo-probe was placed
in close proximity to the active electrode inside the turbinate tissue. Tissue temperature before activation was
measured as a baseline. Room temperature was recorded throughout the procedure for reference. Tissue
temperature was recorded at the beginning of the activation, during and following activation at intervals of
one second until, after deactivation, the approximate
level of the start temperature was reached again.

RESULTS
A. Results of the thermal measurements
In Table 1, the results of the measurements during
and after the activation of the electrodes are summa-

Table 1
Comparison of the mean temperatures through all measurements.
Coblation

RaVoR

without saline

with saline

without saline

with saline

Mean

59.5

273.5

56.4

50.5

Median

52

87.05

48.75

41.45

Standard deviation

45.2

285.2

21.8

21.9

N

57

114

240

120
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Figure 6 Timeline of temperature (°C) during and after Coblation activation with and without saline injection.

Figure 7 Mean temperature during Coblation (°C) with and without saline injection.

rized. The timeline of the temperature during the coblation experiments and the mean timeline are shown
in Figures 6 and 7.
In all Coblation experiments after the saline injection,
temperatures were extremely high after activation. They
averaged between 300°C and 600°C with peak temperatures briefly exceeding 1000°C. The reason for this behavior can be explained by the release of plasma after
injection of saline solution. In the channeling application, the saline solution has no cooling effects as it potentially would in other Coblation procedures, when the

saline solution is not only the source of the necessary
ions, but also cools the surgical field by a continuous
flow. It was surprising that the temperature during Coblation without a saline injection reached the maximum
temperature of 380°C for only a short moment, which
may be incidental. Without a saline injection, the Coblation wand seems to work like any other concentric bipolar electrode used with other systems and produces a
spindle-like electrical field between the poles.
Figures 8 and 9 show averaged timelines for the application of 4MHz radiofrequency energy and the parallel bi-
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Figure 8 Mean temperature (°C) during bipolar radiofrequency application, electrode length 10 mm. Automatic energy limitation by tissue impedance
measurement (“RaVoR” mode).

Figure 9 Mean temperature (°C) during bipolar radiofrequency application, electrode length 25 mm by predetermined energy amount of 200 J (“Precise” mode).

polar needle electrodes operated in the RaVoR mode.
The level of 100°C is reached for a few seconds only. There
is no significant difference between the temperatures with
and without saline injection. Figure 10 compares the
mean temperatures (°C) through all measurements.
B. Results of the histological investigations.
The results of temperature measurements correspond to the following typical histological results.
The respiratory segment constitutes most of the volume of the nasal cavities. The turbinates mucosa consists of ciliated, pseudostratified columnar epithelium
composed of five cell types. The lamina propria also
contains mucous glands. The normal histology of tur-

Figure 10 Comparison of mean temperatures (°C) through all measurements.

162

Romanian Journal of Rhinology, Volume 8, No. 31, July - September 2018

Figure 11 Turbinate mucosa, 40x, after Coblation, shows the structures of

Figure 12 Turbinate mucosa after the application of radiofrequency

mucosa with accented coagulation of collagen and epithelia. Histological
structures are no longer recognizable.

current in RaVor mode. Mucosa and submucosa show coagulative changes in
the subepithelial layer (yellow arrow). The deeper collagen layer and the
epithelium are preserved (HE, 40x).

Figure 13 Turbinate mucosa after RF-application in RaVor mode (HE, 100
x), surface. Development of steam in subepithelial areas with preserved gland
structures and epithelium.

Figure 14 Turbinate mucosa after RF-application in RaVor mode (HE, 100
x), lower side. The subepithelial layer (basal membrane) shows the
condensation of cells with unidirectional nuclei as the typical effect of
radiofrequency energy.

binates includes a dense network of large and irregularly shaped veins with thick muscular wall. The
histological investigation after energy application
showed tissue damage in all cases due to steam and
temperature. However, differences between the effect of Coblation and Radiofrequency application are
clearly visible. After Coblation, the type of the epithelium was not recognizable anymore (Figure 11). The
lamina propria showed extensive collagen coagulation. After RF- application, the epithelia, as well as
the mucinous glands in lamina propria, remained
partly preserved (Figures 12 – 14). Also, the vessels
network was reduced. Heavy tissue damage was observed directly near the electrodes.

mucosal obstruction as measured by rhinomanometry6. Different variations of “classic electrosurgery” as
well as radiofrequency surgery are described, while the
procedures mentioned here seem to be the most popular at present. The aim of this investigation was the
visualization of potential differences, the verification
of the manufacturer’s claim of “cold ablation” (Coblation) and “gentle lesion creation” (Sutter) respectively
and the optimization of these procedures.
It can be shown that by bipolar 4MHz radiofrequency surgery, a circumscribed submucosal lesion
with coagulation and blockage of the vessels may be
achieved, while the epithelial surface remains intact.
Self-limitation by tissue impedance measurement produces a reproducible thermal effect. In a procedure
following the manufacturer’s recommendations, submucosal heat does not exceed 100°C, and the average
temperature generated is approximately 60°C. We noticed that it seems to be of minor importance whether
a short or long bipolar parallel needle is used.

DISCUSSIONS
Energy-based treatment of the turbinates is the
most common procedure for the treatment of chronic
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The double needles for RF applications used in this
study have a diameter of 0.8 mm and generate an elliptic electrical field according to their length. Coblation wands have a diameter of nearly 2 mm, which
presumably cannot be decreased due to their specific
design. The primary trauma from inserting the electrode is, therefore, remarkably bigger. According to
the manufacturer’s manual, the delivery of energy has
to be repeated at given distances. The fact that the
heat generated under the mucosal surface was in the
same range as in the RF applications without injection
of a conductive fluid was unexpected as Coblation current is delivered at a very low frequency of only 100.1
kHZ. It is generally well known that the lateral heat
effects are higher when the frequency of the current
is lower9,10.
However, after injection of saline fluid, the temperature rapidly increases when using Coblation.
Top temperatures of up to 1200°C, average temperatures of 600°C, and mean temperatures of 273°C are
repeatedly reached. The ionized fluid releases the
plasma as intended, but the cooling effect of a continuous flow as known from other Coblation applications, namely in orthopaedics in cartilage ablation, is
missing. The submucous fluid cannot be exchanged,
and Coblation is no longer a “low-temperature procedure”. As it is visible in the histological patterns,
the degree of tissue deterioration is much higher
than after RF application.
The time of postoperative care is directly correlated
with the damage of the mucosal surface, and, if the
case, necrosis of the turbinal bone. It is difficult to find
reliable data about the length of the postoperative
phase. In an early report about turbinate Coblation,
Bhattacharya5 reported crusting as well as postoperative bleeding without noting the incidence. Cavaliere10
found no difference in efficacy and complications between monopolar electrosurgical and Coblation turbinate reduction. Coblation is associated with more
pronounced edema on day one after the intervention,
which is attributed to the greater insult of the tissue by
the device. This hypothesis would be in line with our
experimental data on tissue temperatures. Shah11 reported favourable outcomes of Coblation turbinate
reduction compared to bipolar electrosurgery intramural reduction. The study is affected by a small number of patients and authors who hypothesized that the
bipolar system delivered heat up to 800°C. It is obvious
that these results cannot be transferred to 4MHz bipolar radiofrequency ablation as our data show consistently low temperatures for RF ablation.
Coblation is also very popular in tonsillectomy. Reports on postoperative results paint a mixed picture.
In a Cochrane analysis by Burton12 on Coblation versus other techniques for tonsillectomy, only a small
number of quality studies could be identified. The
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Cochrane analysis discovered no evidence that Coblation resulted in lower post-op bleeding or less post-op
pain compared with other methods. This is also in line
with the findings of a very large cohort study performed in the UK, analyzing data from 11.796 tonsillectomies performed between 2003 and 2004. In this
study, Lowe and van der Meulen13 reported complication rates for Coblation tonsillectomy to be higher
than with most conventional techniques and technologies used for tonsillectomy. Favourable reports on Coblation tonsillectomy mostly cover the partial removal
of the tonsils with some amount of tonsil tissue remaining14 or compared to methods with a high thermal footprint, such as monopolar blade electrode
tonsil removal15.
For bipolar radiofrequency turbinate reduction,
the reported results are mixed, too. Generally speaking, from a symptom-relief point of view, it must be
considered as highly effective7,16-19. We did not find reports of major complications in literature. However,
minor complications or rather nuisances such as mild
to moderate crusting one week after an intervention
have been reported16, whereas others did not observe
such phenomena (Bran7). We speculate that with regards to the thermal impact, frequency of the applied
current plays an important role, as most bipolar RF
treatment devices for the lower turbinates operate at
frequencies between 350 kHz and 460 kHz. There is
no systematic research into this subject for interstitial
bipolar radiofrequency turbinate reduction. Earlier
studies have shown the positive effect of frequency on
the lateral thermal damage to tissue during cutting9,10,20. Cutting is a dynamic process as the electrode
will glide through tissue, whereas interstitial tissue ablation is a stationary process.
Our study specifically looked at the differences in
temperatures and histological outcomes between Coblation and 4MHz radiofrequency in the pig model,
bearing in mind that the pig model certainly does not
offer complete transferability to live human tissue.
Keeping study conditions the same for both technologies, we argue that differences in results, if they occur
in the model, will also be noted in live tissue. The pig
model offers the advantage of an easy set-up, easy reproducibility and the absence of ethical concerns.
There is no doubt that Coblation is a useful and
widely accepted methodology, but substantial doubts
remain regarding “low-temperature-claims” in ENT
applications. Our study shows that very high temperatures can indeed be achieved. Any presence of an
electron-rich fluid such as saline solution, but potentially also blood, will lead to temperatures of 600°C
and higher. During 4MHz bipolar radiofrequency ablation tissue, temperatures may very briefly and only
slightly exceed 100°C and, as opposed to Coblation,
may be lowered by the administration of electron-rich
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fluids such as saline solution or, potentially, blood.
The observed loss of epithelium is directly related to
the length of the postoperative care, where reliable data
cannot be found in the literature. The personal experience of one of the authors (KV) with 635 cases over 14
years using the technique above leads to the recommendation to see the patient 1 day after the operation for
removing the sticky mucus, 1 week later for controlling
the remaining mucosal reaction and after 1 month to
measure the outcome by rhinomanometry3. Postoperative crusting with following sequestration of the turbinate
bone was observed only in 2 cases at the very beginning
of this series, when the energy was selected too high due
to missing experience. This personal experience includes also children with allergic rhinitis at the beginning of desensitization.
In summary, our experiment has shown that for the
reduction of turbinates due to chronic or recurrent congestion of the mucosa, application of radiofrequency at
4MHz is the less thermally burdensome procedure.
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