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Abstract

Background Cryotherapy, using ice chips (IC) is an effective strategy to prevent chemotherapy-induced oral mucosi-
tis (OM) in selected cancer patient cohorts. However, although effective, use of IC may cause adverse reactions, e.g.,
nausea, numbness, and shooting pain in the teeth, which could have an adverse impact on the medical treatment.
Furthermore, IC requires water of good quality to minimize risk of serious systemic infections. To eliminate these
disadvantages, novel cooling devices have emerged as alternative cooling modalities. Thus, the aim was to evaluate
the efficacy and tolerability profile of extraoral cooling for intraoral temperature reduction.

Subjects and Methods This experimental pilot study was conducted at the Institute of Odontology, The Sahlgrenska
Academy, University of Gothenburg, Gothenburg, Sweden. In total, six healthy volunteers were enrolled in this study.
At baseline and following 30-, and 60 min of cooling with the extraoral cooling device, intraoral mucosal tempera-
tures were measured using a thermographic camera, and a questionnaire related to tolerability was completed.
Results Following 30-, and 60 min of cooling, the intraoral temperature decreased with 2.0 °C and 2.3 °C, respectively.
Extraoral cooling was well tolerated, and all subjects endured the entire cooling session of 60 min.

Conclusion Extraoral cooling reduces intraoral mucosal temperatures and is a well-tolerated cooling modality.
Keywords Chemotherapy, Cryotherapy, Oral mucositis, Stem cell transplantation

Introduction

The past decades have witnessed the emergence of
a number of modalities for the management of oral
mucositis (OM), a common debilitating adverse effect in
conjunction with cancer therapy. Approximately 40% of
all cancer patients receiving standard-dose chemotherapy
(CMT), and up to 80% of those receiving high-dose CMT,
as conditioning in preparation for hematopoietic stem
cell transplantation (HSCT), develop OM [1, 2]. OM
manifests itself clinically as erythema and/or ulceration
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and can lead to severe pain which may require intrave-
nous opioid analgesics for pain relief [3, 4]. Furthermore,
OM is associated with the need of total parenteral nutri-
tion, prolonged hospitalization, impaired quality of life,
and secondary infections, which may be potentially fatal
[5, 6]. In aggregate, these may result in dose-reductions
and could have an adverse impact on the medical treat-
ment [7].

Despite the frequency of OM, its impact on patients,
and the associated healthcare and economic burdens,
there are currently few evidence-based interventions
with confirmed efficacy. To date, mucositis management
has largely been palliative, mainly aimed at reducing the
symptoms of already established ulcers and preventing
systemic complications. Although palliative strategies
may be relevant once OM has become established clini-
cally, the primary goal is prevention.
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Current strategies for prevention of OM include the
use of recombinant human Keratinocyte Growth Fac-
tor-1 (Palifermin) [8, 9], and low-level laser therapy
(LLLT) [3]. Yet, cryotherapy (CT), using ice chips (IC)
continues to be the most recommended modality for
prevention of chemotherapy induced OM [6]. The pro-
posed mechanism of protection is believed to be induc-
tion of local vasoconstriction, resulting in reduced blood
flow and a lower tissue exposure to cytotoxic agents [10].
Other theories concerning CT also include that hypo-
thermia protects the oral mucosa by lowering the meta-
bolic activity of epithelial and basal cells, making them
less susceptible to CMT [11]. However, despite favour-
able observations, use of IC as a preventive method in
clinical practice is limited [12]. One explanation for this
is that IC may entail adverse reactions such as chills, nau-
sea, and shooting pain in the teeth, which could influence
patient tolerability, leading to poorer adherence [13-15].

In addition, concerns have been raised that water to
produce IC may contain microorganisms in concentra-
tions which could increase risk of serious infections in
immunocompromised cancer patients [16, 17].

To eliminate the disadvantages of IC, an intraoral
cooling device (ICD) has been successfully developed.
The ICD enables cooling at higher temperatures (6 to
22 °C;£2 °C) and has been proven equally effective as
IC in terms of intraoral temperature reduction but with
superior tolerability; This when set to operate at 8 °C
[13]. Moreover, in a randomized controlled trial, the ICD
(8 °C) as compared to IC, significantly reduced the grade
of OM in lymphoma patients [18]. Nevertheless, despite
its positive effects in clinical settings, the ICD comes with
several limitations. These for example include swallowing
difficulties, rubbing discomfort, and poor fit [19], likely
attributed to intraoral anatomical differences which can
complicate size optimization of the ICD.

Cooling, using an extraoral cooling device that com-
prises an anatomically fitted, temperature-controlled and
water-circulating facemask has been used postopera-
tively in oral and maxillofacial surgery. In comparison to
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IC, it has shown reduction of post-operative facial pain,
oedema, trismus as well as improved patient-reported
satisfaction [20]. Thus, the aim of the current study was
to evaluate the efficacy and tolerability profile of extraoral
cooling for intraoral temperature reduction.

Subjects and methods

Study design

This study was an experimental pilot study to evalu-
ate extraorally applied cooling for intraoral temperature
reduction. All procedures were performed at the Institute
of Odontology, The Sahlgrenska Academy, University of
Gothenburg, Gothenburg, Sweden.

Subjects

In total six (#=6) dental students, three women and
three men were recruited from the Institute of Odon-
tology, The Sahlgrenska Academy, University of Goth-
enburg, Gothenburg, Sweden. Subjects were considered
eligible to participate in the study if they met the follow-
ing inclusion criteria: i) willing and able to provide writ-
ten informed consent; ii) male or female, age > 18 years;
iii) had no medical diagnoses established by a physician;
iv) did not consume any drugs with impact on the cardio-
vascular system; v) had no mucosal lesions which could
affect the outcomes of the study. Exclusion criteria were:
i) previous history of head and neck malignancy or other
relevant pathologies; ii) previous history of radiation
therapy to the head and neck; iii) use of tobacco or Swed-
ish snuff.

Tools and devices

Cooling device

The extraoral cooling device (HILOTHERM Clinic®;
Fig. 1a) was provided by Hilotherm® (GmbH, Argenbiihl-
Eisenharz, Germany). The disposable cuff was composed
of an anatomically fitted, water-circulating facemask
(Lower Face Cuff with Link; Fig. 1b). The cuff was made
of soft plastic material with conduits through which
water was delivered via a cooling and thermostat unit.

¥

Fig. 1 (a) Hilotherm Clinic® and (b) the disposable cuff (Lower Face Cuff with Link). Reprinted with permission from Hilotherm®
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Temperatures could be set between 10 — 35 °C. A water
temperature, 10 °C (+2 °C) was maintained throughout
the entire study and any deviations from the default tem-
perature were automatically adjusted by the system.

Questionnaire

The questionnaire (Additional file 1) consisted of six
(n=6) questions to assess the secondary endpoint of the
study, i.e., tolerability of the cooling procedure. Ques-
tions included: the reason for not completing the cool-
ing procedure; any adverse event; as well as space to
share additional comments. Pain experienced during the
cooling session was assessed with The Numerical Pain
Rating Scale (NPRS; 0 indicating no pain; 10, indicating
the worst imaginable pain). Prior to the study, to ensure
face validity, all questions and response alternatives were
tested and discussed with an independent group of par-
ticipants (n=5).

Tools and software for image analysis

The FLIR E60(bx) (FLIR Systems Inc., Wilsonville, OR,
USA) is an accurate thermographic camera with a level
of resolution (320%x240 pixels) that allows detection
of temperature differences corresponding to<0.05 °C
(Fig. 2). The camera and its associated FLIR tools soft-
ware were used to visualize and quantify temperature
changes extraorally and in the intraoral mucosal regions
of interest.

Procedure and data collection

All measurements were performed in the same exami-
nation office (ambient temperature 22 °C +2 °C) at the
Department of Oral and Maxillofacial Surgery, Institute
of Odontology, The Sahlgrenska Academy, University
of Gothenburg, Gothenburg, Sweden. Following inclu-
sion, medical history was gathered, and all subjects
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underwent an intraoral examination. Subject charac-
teristics including age, gender, weight, and height were
registered, and BMI was calculated. Basic hemodynam-
ics, including pulse, systolic and diastolic blood pres-
sure were obtained non-invasively in the left upper
arm with subjects sitting in an upright position, using
the Omron M2 (Omron Healthcare Co. Muko, Kyoto.
Japan). Subjects were then informed about the cooling
procedure and hands-on demonstrations were set up
to assure that subjects got acquainted with the cooling
device. Upon cooling, the participants were asked to
seat themselves in a dental chair in an upright or supine,
70° head-up position. Cooling continued for 60 min in
one session. All participants were requested to refrain
from eating and drinking at least 30 min prior to-, and
throughout the cooling session. The cooling mask, set
at 10 °C, was applied according to the manufacturer’s
instruction and proper skin contact was ensured by the
investigators before cooling was initiated. At baseline
and following 30-, and 60 min of cooling, temperatures
were measured using the FLIR E60(bx) thermographic
camera, in eight intraoral locations (right buccal
mucosa; left buccal mucosa; upper labial mucosa; lower
labial mucosa; dorsal tongue; base of the tongue; ven-
tral tongue; and hard palate). In addition, to investi-
gate whether there was any difference between extra-,
and intraoral temperature reduction with the extraoral
cooling device, extraoral images (frontal view) were
captured at baseline, and at the same follow-up time
points. Following image acquisition, the participants
were asked to complete a questionnaire related to tol-
erability of the cooling procedure. All data was then
exported, computer stored and subsequently analysed
off-line by a blinded observer. The calculations were
performed using the IBM® SPSS® Statistics software

Fig. 2 Thermographic images at baseline (left); and following 30 min of cooling (right) to illustrate the FLIR E60(bx) thermographic camera. Red

colour indicates high temperatures and blue indicates low temperatures
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package (IBM SPSS Statistics version 25, IBM, Armonk,
NY). All data were presented descriptively.

Endpoints
The primary endpoint was:

(1) To assess the efficacy of extraoral cooling for intraoral
temperature reduction (°C).

The secondary endpoints were:

(2a) To assess the efficacy of extraoral cooling for
intraoral temperature reduction in risk surfaces,
i.e., non-keratinized areas.

To assess subject-related tolerability: well-toler-
ated being defined as > 50 minutes of cooling.

(2b)

Table 1 Subject characteristics at baseline. Quantitative
parameters are presented as mean + SD. BMl—body mass index;
bpm—Dbeats per minute; SBP—systolic blood pressure; DBP
diastolic blood pressure

Subject characteristics

Gender [F:M] 3 : 3
Age [years] 25 + 2
Weight [ka] 70 + 8
Height [m] 1.7 + 0.1
BMI tkg/m?] 23 + 2
Vital parameters

Pulse [bpm] 60 + 5
SBP [mmHg] 113 + 8
DBP [mmHg] 76 +

35 2

|

33.8+1.2

30

Temperature (°C)

25

24.0+2.8
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Results

In total, 12 subjects were evaluated for study partici-
pation, of whom 9 (9/12; 75%) fulfilled the inclusion
criteria. Subsequently, 3 out of the 9 (3/9; 33%) were
excluded due to the use of Swedish snuff, and 6 sub-
jects were carried forward for the statistical analysis. In
total, six cooling sessions were completed during this
study, and 199 thermographic images were captured.
From these, 162 images (162/199; 81%) were of such
good quality that the mucosal temperatures could be
clearly analysed. Subject characteristics are presented
in Table 1.

At baseline, prior to cooling, the mean extraoral tem-
perature for all the subjects assessed was 33.8+1.2 °C.
Following 30-, and 60 min of cooling, a difference was
demonstrated for each of the follow-up time points
compared to baseline (24.0+2.8 °C; 23.7+1.9 °C), cor-
responding to a temperature reduction of 9.8 °C, and
10.1 °C, respectively (Fig. 3). An additional tempera-
ture reduction of 0.3 °C was observed between 30-, and
60 min of cooling.

As for the primary endpoint, at baseline the mean
intraoral temperature (eight locations) for all the sub-
jects was 34.6+1.1 °C. Following 30-, and 60 min of
cooling, a temperature reduction was observed for
both follow-up time points compared to baseline
(32.6+1.6 °C; 32.3+£2.0 °C), i.e., a temperature reduc-
tion corresponding to 2.0 °C, and 2.3 °C, respectively
(Fig. 4). No difference was however observed between
the temperature reduction at 30-, and 60 min of cool-
ing. When evaluating each of the six subjects sepa-
rately, the following temperatures were observed at
baseline, 30-, and 60 min of cooling, respectively: sub-
ject 1 (°C; 35.1; 34.0; 33.8); subject 2 (°C; 35.4; 34.9;

B Subject 1
Subject 2
B Subject 3
B Subject 4
Subject 5

23.7+1.9 Subject 6

—e—Mean

20

Time (min)

e mm L

Fig. 3 Extraoral temperature at baseline, and following 30-, and 60 min of cooling. Pooled subject data (red line) are presented as means

and standard deviations
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Fig. 4 Intraoral temperature at baseline, and following 30-, and 60 min of cooling. Pooled subject data (red line) are presented as means

and standard deviations

34.5); subject 3 (°C; 35.5; 32.3; 32.6); subject 4 (°C; 32.5;
30.6; 30.2); subject 5 (°C; 34.8; 33.1; 31.9), and subject 6
(°C; 34.5; 30.8; 30.9).

Concomitant analysis of the risk surfaces, i.e., non-
keratinized areas (right buccal mucosa; left buccal
mucosa; upper labial mucosa; lower labial mucosa) pre-
sented a similar pattern, with regards to temperature
reduction, i.e., with the greatest temperature reduction
within the first 30 min.

At baseline the mean intraoral temperature for the risk
surfaces (four locations) for all subjects was 34.8 +1.7 °C.
Following 30-, and 60 min of cooling, a temperature
reduction was observed for both follow-up time points
compared to baseline (31.5+1.7 °C; 31.1+2.2 °C, ie,
a temperature reduction corresponding to 3.3 °C and
3.7 °C, respectively (Fig. 5). No difference was observed
between the temperature reduction at 30-, and 60 min of
cooling.

The extraoral cooling device proved to be more effec-
tive regarding extraoral temperature reduction as com-
pared to intraoral, demonstrating a difference following
both 30-, and 60 min of cooling (7.8 °C).

All participants (n=6) endured 60 min of cooling with
the extraoral cooling device and the questionnaire related
to tolerability was completed by all subjects. As for the
subject-reported adverse events related to the cooling
procedure, slight discomfort (n=4), and coldness (n=3),
were the two most reported followed by poor fit (n=2),
numbness (n=1) and difficulties speaking (n=1). Two
subjects (n=2) reported ‘no discomfort’ as other com-
ments. Four out of the six subjects did not experience any
pain. One subject rated 1 on the NPRS and one subject
reported 3.

Discussion

The efficacy of cryotherapy (CT), using ice chips (IC) and
intraoral cooling device (ICD) have been evaluated in a
number of studies [13, 21]. However, although proven
effective in prevention of CMT-induced oral mucositis
(OM), both modalities present several limitations, mainly
associated with patient-related comfort [18]. Therefore,
we aimed to evaluate the efficacy of an extraoral cool-
ing device, at first in healthy volunteers to assess its tem-
perature reducing capacity, and based on the outcome in
this study eventually in clinical trials in patients at risk of
developing OM.

Until recently, IC has been the only available cryo-
therapeutic method for prevention of OM. Due to the
nature of ice i.e., ice starts to melt when the temperature
exceeds 0 °C, temperature controlled intraoral cooling
has been difficult to implement. However, in a recent
study [13] CT, using a novel ICD, which enables tempera-
ture regulation was evaluated. The possibility to regu-
late temperature has in turn raised further interest for
research examining the exact level of intraoral tempera-
ture reduction needed for prevention of OM. As there
is a probability that OM alleviation could be achieved at
higher temperatures (8 °C) [18] than those obtained with
intraoral cooling with IC, an extraoral approach would be
more attractive due to its higher level of comfort.

This study showed that the extraoral cooling device
reduced the intraoral mucosal temperature, after both
30- and 60 min of cooling when compared to baseline.
Although not confirmed statistically, the main tempera-
ture reductions were seen in the buccal, and upper- and
lower labial mucosae, respectively. These findings are
promising since CMT-induced OM is mainly developed
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Fig. 5 Intraoral temperature at baseline, and following 30-, and 60 min of cooling for risk surfaces, i.e., non-keratinized areas (right buccal; left
buccal; upper labial; lower labial). Pooled subject data (red line) are presented as means and standard deviations

in the above specified risk surfaces (non-keratinized).
This demonstrates that the extraoral cooling approach
indeed can reduce the temperature of the oral mucosa.
No differences were found between 30- and 60 min of
cooling which suggests that merely 30 min of cooling is
needed to reach a steady temperature.

It is noteworthy that the intraoral temperature reduc-
tion is superior when using the ICD as compared to
extraoral cooling. This as the former resulted in a tem-
perature reduction of 7.9 °C after 60 min of cooling [13],
compared to 2.3 °C, and 3.7 °C in the present study for
the intraoral mucosa as a whole and the non-keratinized
areas, respectively. Although the differences in mean
temperature reduction seems striking, in a recent in vivo
study in rats [22] it was demonstrated that cooling to low
temperatures (<30 °C), which causes discomfort for the
patient, may not be necessary to prevent OM. However,
this is yet to be assessed in a clinical setting.

In the present study all six subjects endured the entire
cooling session of 60 min with the extraoral cooling
device indicating good tolerability. In comparison to
already established strategies for OM prevention, most
notably IC, but also the recently studied ICD, the subject-
reported adverse events are likely less experienced when
extraoral cooling is utilized. Fewer subjects experienced
adverse events such as numbness and pain, which were
the two most reported adverse events for IC in a previ-
ously conducted study [13]. Approximately 50 percent of
the subjects experienced numbness with IC, compared to
17 percent of the subjects in this pilot study. In contrast,
previous studies reviewed by the Cochrane Collaboration
has reported few or no comfortability issues when using

IC [21]. However, this could be explained by the fact that
these studies focus on clinical outcomes, e.g., the degree
and severity of OM, rather than patient reported out-
comes such as tolerability of the cooling method.

As for the ICD difficulties in swallowing and rubbing
discomfort were the two most common reported adverse
events. Poor fit was also an issue associated with the ICD,
which could potentially worsen OM due to rubbing dam-
age to the intraoral mucosa. This in turn could lead to
prolonged healing time and secondary infections. This
issue is solved with the extraoral cooling device as it is
applied externally and thus never in direct contact with
the intraoral mucosa. The two most common adverse
events reported with the extraoral cooling device were
slight discomfort and coldness. None of the subjects
experienced nausea, teeth sensations, headache, or vom-
iting sensation, which were also reported in the previous
study on tolerability of ICs [13]. However, further studies
are needed to establish a full tolerability profile due to the
comparatively small sample size of this study.

In addition, as gagging is a common problem encoun-
tered during intraoral procedures, especially for younger
patients [23], extraoral cooling has the main advantage
over intraoral cooling that insertion of cooling device
into the oral cavity is avoided. On the other hand, as
compared to IC, the extraoral cooling device operates at
higher temperatures which is likely to reduce the discom-
fort caused by IC cooling, leading to better compliance.
Furthermore, there is a greater clinician/patient control
enabled by the extraoral cooling device as compared to
IC as there is no requirement for continual replenish-
ment [20]. Ultimately, given the scarce effect of intraoral
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cooling for prevention of mucositis originating elsewhere
along the gastrointestinal tract, our findings suggest that
externally applied cooling could be of interest as a novel
method for CT in areas otherwise difficult to access with
conventional CT, e.g., the oro/hypopharynx.

This study has some limitations that should be
acknowledged. First, even though the results in this pilot
study seem promising, data are collected from a relatively
small group of young and healthy participants. Thus,
to draw firm conclusions further studies are needed
in a larger population, preferably health compromised
patients subjected to CMT.

Second, the facemask (Hilotherm) is available in one
size, covering the lower parts of the face and above the
upper lip. Individual differences in face shape, facial hair
and amount of fat isolating the oral cavity may compli-
cate a favourable fit and thus constitutes a potential
source of measurement error. However, the degree to
which this have affected the results is unknown. In addi-
tion, as the facemask is not individually fitted and is cur-
rently only available in one size, we believe there is room
for further enhancement of the facemask, thus improve-
ment in the potential temperature reduction. Additional
studies would be beneficial to identify an optimal fit and
approach for extraoral CT.

Third, the FLIR E60(bx) thermographic camera is not
specifically designed for examining intraoral tempera-
tures. It is noteworthy that approximately two minutes
were used for the intraoral photo-series. During this
time the facemask had to be removed and tempera-
ture recovery starts immediately after its removal. In
the first 3 min, the temperature recovers by up to 50%
[24]. Therefore, assumption can be made that the actual
temperature reduction is somewhat larger than the data
presented in this study. This can probably also explain
the discrepancy seen in this study between extraoral
and intraoral temperature reduction.

Conclusion

Extraoral cooling reduces intraoral mucosal tempera-
tures and is a well-tolerated cooling modality. However,
prior to clinical use validation of extraoral cooling is
required in larger cohorts.

Abbreviations
CMT  Chemotherapy
cT Cryotherapy

HSCT  Hematopoietic stem cell transplantation
IC Ice chips
ICD Intraoral cooling device

LLLT Low level laser therapy
NPRS  Numerical Pain Rating Scale
OM Oral mucositis

Page 7 of 8

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-023-03317-z.

Additional file 1. Questionnaire to assess tolerability of the cooling
procedure.

Authors’ information
Not applicable.

Acknowledgements
The authors would like to express appreciation to all subjects, whose partici-
pation made this study possible.

Authors’ contributions

Study design (LN, NB, KV, JW); conduct of study (LN, NB, KV); collection of data
(LN, NB, KV); analysis, interpretation, and management of data (LN, NB, KV,
JW); preparation of manuscript (LN, JW); intellectual content review (JW); and
approval of final manuscript draft (LN, NB, KV, JW).

Funding

Open access funding provided by University of Gothenburg. The authors
received financial support from Capio’s Research Foundation for the conduct
of the study (No. 2018-3118).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The procedures in this study involving human participants were performed in
accordance with the ethical principles that have their origin in the Declaration
of Helsinki (Fortaleza, October 2013). The study protocol was reviewed and
approved by the Swedish Ethical Review Authority (No. 2019- 00826/1243-18).
All participants received information concerning the study and were informed
about their rights to withdraw consent to participate at any time without
reprisal. Written informed consent was obtained from all subjects prior to
participation in the study.

Consent for publication

Written informed consent for publication of their clinical details and/or clinical
images was obtained from the subjects. A copy of the consent form is avail-
able for review by the Editor of this journal.

Competing interests
The authors declare no competing interests.

Received: 8 December 2022 Accepted: 16 August 2023
Published online: 08 September 2023

References

1. LallaRV, Sonis ST, Peterson DE. Management of oral mucositis in patients
who have cancer. Dent Clin North Am. 2008;52:61-77.

2. Pulito C, Cristaudo A, Porta C, Zapperi S, Blandino G, Morrone A, et al.
Oral mucositis: the hidden side of cancer therapy. J Exp Clin Cancer Res.
2020;39:1-15.

3. Bjordal JM, Bensadoun R-J, Tunér J, Frigo L, Gjerde K, Lopes-Martins RAB.
A systematic review with meta-analysis of the effect of low-level laser
therapy (LLLT) in cancer therapy-induced oral mucositis. Support Care
Cancer. 2011;19:1069-77.

4. Scully C, Sonis S, Diz PD. Oral mucositis. Oral Dis. 2006;12:229-41.


https://doi.org/10.1186/s12903-023-03317-z
https://doi.org/10.1186/s12903-023-03317-z

Najaf et al. BMC Oral Health

20.

21

22.

23.

24.

(2023) 23:654

Bell A, Kasi A. Oral Mucositis. In: StatPearls. Treasure Island (FL): StatPearls
Publishing; 2023.

Lalla RV, Bowen J, Barasch A, Elting L, Epstein J, Keefe DM, et al. MASCC/
ISOO clinical practice guidelines for the management of mucositis sec-
ondary to cancer therapy. Cancer. 2014;120:1453-61.

Berger K, Schopohl D, Bollig A, Strobach D, Rieger C, Rublee D, et al. Bur-
den of Oral Mucositis: A Systematic Review and Implications for Future
Research. Oncol Res Treat. 2018:41:399-405.

Farrell CL, Rex KL, Kaufman SA, Dipalma CR, Chen JN, Scully S, et al.
Effects of keratinocyte growth factor in the squamous epithelium of the
upper aerodigestive tract of normal and irradiated mice. Int J Radiat Biol.
1999;75:609-20.

Karthaus M, Rosenthal C, Ganser A. Prophylaxis and treatment of chemo-
and radiotherapy-induced oral mucositis - Are there new strategies?
Bone Marrow Transplant (Basingstoke). 1999,24:1095-108.

Mahood DJ, Dose AM, Loprinzi CL, Veeder MH, Athmann LM, Therneau

TM, et al. Inhibition of fluorouracil-induced stomatitis by oral cryotherapy.

JClin Oncol. 1991;9:449-52.

. Walladbegi J, Smith SA, Grayson AK, Murdoch C, Jontell M, Colley HE.

Cooling of the oral mucosa to prevent adverse effects of chemothera-
peutic agents: An in vitro study. J Oral Pathol Med. 2018;47:477-83.
Sharifi H, Heydari A, Salek R, Emami ZA. Oral cryotherapy for preventing
chemotherapy-induced oral mucositis: an effective but yet neglected
strategy. J Cancer Res Ther. 2017;13:386-7.

. Walladbegi J, Gellerstedt M, Svanberg A, Jontell M. Innovative intraoral

cooling device better tolerated and equally effective as ice cooling.
Cancer Chemother Pharmacol. 2017;80:965-72.

Kadakia KC, Rozell SA, Butala AA, Loprinzi CL. Supportive cryotherapy: a
review from head to toe. J Pain Symptom Manage. 2014;47:1100-15.
Correa MEP, Cheng KKF, Chiang K, Kandwal A, Loprinzi CL, Mori T, et al.
Systematic review of oral cryotherapy for the management of oral
mucositis in cancer patients and clinical practice guidelines. Support
Care Cancer. 2020;28:2449-56.

Francois Watkins LK, Toews KE, Harris AM, Davidson S, Ayers-Millsap

S, Lucas CE, et al. Lessons from an outbreak of legionnaires' disease

on a hematology-oncology unit. Infect Control Hosp Epidemiol.
2017,38:306-13.

Cervia JS, Ortolano GA, Canonica FP. Hospital tap water: a reservoir of risk
for health care-associated infection. Infect Dis Clin Pract. 2008;16:349-53.
Walladbegi J, Henriksson R, Tavelin B, Svanberg A, Larfors G, Jadersten

M, et al. Efficacy of a novel device for cryoprevention of oral mucositis: a
randomized, blinded, multicenter, parallel group, phase 3 trial. Bone Mar-
row Transplant. 2022;57:191-7.

Mahdi A, Stubner J, Bergling M, Jontell M, Walladbegi J. Can cryopreven-
tion of oral mucositis be obtained at a higher temperature? Clin Oral
Investig. 2021;25:4519-26.

Bates AS, Knepil GJ. Systematic review and meta-analysis of the efficacy
of hilotherapy following oral and maxillofacial surgery. Int J Oral Maxil-
lofac Surg. 2015;45:110-7.

Riley P, Glenny AM, Worthington HV, Littlewood A, Clarkson JE, McCabe
MG. Interventions for preventing oral mucositis in patients with cancer
receiving treatment: oral cryotherapy. Cochrane Database Syst Rev.
2015;12:1-20.

Walladbegi J, Dankis M, Aydogdu O, Jontell M, Winder M. Moderate tem-
perature reduction is sufficient for prevention of 5-fluorouracil-induced
oral mucositis: an experimental in vivo study in rats. Cancer Chemother
Pharmacol. 2023;91:67-75.

Eachempati P, Kumbargere Nagraj S, Kiran Kumar Krishanappa S, George
RP, Soe HHK, Karanth L. Management of gag reflex for patients undergo-
ing dental treatment. Cochrane Database Syst Rev. 2019;11:1-23.

Cole FL. Temporal variation in the effects of iced water on oral tempera-
ture. Res Nurs Health. 1993;16:107-11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	An extraoral approach to intraoral cooling–a feasibility study in non-cancer patients
	Abstract 
	Background 
	Subjects and Methods 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	Study design
	Subjects
	Tools and devices
	Cooling device
	Questionnaire
	Tools and software for image analysis

	Procedure and data collection
	Endpoints

	Results
	Discussion
	Conclusion
	Anchor 20
	Acknowledgements
	References


