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Objectives: To explore the effect of adenotonsillectomy on mean platelet volume (MPV) levels and neutrophil to lymphocyte ratio (NLR) values in children with obstructive sleep apnea
syndrome (OSAS).
Subjects and Methods: In total, 127 children (69 males, 58 females; average age 10.20±8.96
years; range, 5-18 years) who underwent adenotonsillectomy with a diagnosis of OSAS were
included in the study. Pre-operative MPV levels and NLR values were compared with measurements in the post-operative third month. A p-value <0.05 was considered to reflect statistical
significance.
Results: Mean pre-operative MPV values were 8.12±1.28 femtoliters (fL) and mean post-operative MPV values were 7.96±1.01 fL, respectively. Post-operative MPV values were significantly lower than pre-operative measurements (p=0,028, p<0.05). Mean pre-operative NLR
levels were 1.46±0.82 and post-operative NLR values were 1.42±1.01, respectively. Post-operative NLR values were significantly lower than pre-operative NLR values (p=0.032, p<0.05).
Conclusion: We observed statistically significant lower MPV levels and NLR values after adenotonsillectomy in children with OSAS. Future randomized studies should explore the relationship between the MPV levels, NLR values and parameters in polysomnography in larger
numbers of patients with OSAS.
KEYWORDS: Mean platelet volume (MPV); Neutrophil to lymphocyte ratio (NLR); Adenotonsillectomy; Obstructive sleep apnea syndrome (OSAS).
ABBREVIATIONS: MPV: Mean Platelet Volume; NLR: Neutrophil To Lymphocyte Ratio;
OSAS: Obstructive Sleep Apnea Syndrome; QoL: Quality of Life; IEC: Institutional Ethics Committee; AH: Adenoid Hypertrophy; EDTA: Ethylene-diamine-tetracetic acid; NCSS:
Number Cruncher Statistical System.
INTRODUCTION

Copyright
©2016 Çelik M. This is an open access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
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Obstructive sleep apnea (OSA) caused by repetitive upper airway obstruction, is a syndrome
characterized by recurrent episodes of sleep apnea and hypopnea. The incidence of OSA in
children is reported lower than adult.1 Obstructive sleep apnea syndrome (OSAS) may inspire
poor concentration, excessive daytime somnolence, morning headaches, metabolic, cardiopulmonary and cardiovascular diseases, and a lower quality of life (QoL).2 Polysomnography is
utilized to diagnose and evaluate the severity of OSAS, and it is accepted as the gold standard
diagnostic method for OSAS. The most common cause of OSAS in children is adenotonsillar
hypertrophy.1,2
Mean platelet volume (MPV) is used as a parameter of platelet functions. Larger
platelets are more reactive than platelets of normal platelets. Also, MPV is considered as a
predictive value of aterosclerosis.3 In literature, increasing MPV levels have been associated
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with the prognosis of some diseases including such as hypertension, unstable angina pectoris and OSA.4,5 The study of Sagit
et al6 have shown that MPV levels are elevated in patients with
marked septal deviation. They explained that the elevation in
MPV levels of the patients with marked nasal septal deviation
could be prevented by septoplasty.
Neutrophil to lymphocyte ratio (NLR) is recommended
as a parameter of systemic inflammation.7 NLR can be easily
determined by a simple complete blood count analysis and is
a valuable parameter in diseases such as sudden hearing loss,
some cancers, autoimmune and cardiovascular diseases.8,9 Neutrophils and lymphocytes are essential for cytokine production
in inflammatory disorders on acute and chronic process, respectively.10
In the present study, we explored the effect of adenotonsillectomy on MPV levels and NLR values in children with
OSAS.

http://dx.doi.org/10.17140/OTLOJ-2-122

and complications were explained to children’s parents. Adenoidectomy was performed by using St. Clair-Thomsen® curatte
under general anesthesia in supine position and haemostasis was
secured by packing. Tonsillectomy was performed via cold-steel
dissection approach. All the operations were performed by one
of the surgeons in our department. All chidren were clinically
no symptoms of infection at the time of adenotonsillectomy.
Routine pre-operative blood samples were taken from the antecubital vein into tubes with ethylene-diamine-tetracetic acid
(EDTA) by a nurse. Neutrophil, lymphocyte and MPV were
measured by hematology analyzer machine. Normal values for
MPV were accepted as 6.0-11.0 fL. NLR was calculated from
the differential count by dividing the neutrophil measurement
by the lymphocyte measurement. All of the patients were invited
for control examinations at post-operative first week and third
month. Blood samples were taken again in the post-operative
third month, and the measurements were compared with preoperative measurements.
Statistical Analysis

MATERIALS AND METHODS

A retrospective review of data collected from January 2013 to
January 2015 was performed at our hospital, by the Departments
of Otolaryngology, Head and Neck Surgery. In total, 127 children
who underwent adenotonsillectomy with a diagnosis of OSAS
were included in the study. The OSAS was clinically defined by
the occurrence of loud habitual snoring, witnessed apnea, and
excessive daytime sleepiness at least one year due to parents
observations. Patients with previous history of adenoidectomy,
tonsillectomy, genetic syndromes, congenital malformations,
cleft palate, nasal septal deviation, sinonasal infection, chronic
diseases, hematological diseases were excluded from the study.
Blood serum variables such as complete blood counts, glucose,
cholesterol, triglyceride, and inflammatory markers including Creactive protein (CRP) and erytrocyte sedimentation rate were
evaluated to exclude hematological diseases, pre-operatively.
No cardiovascular complaints and symptoms were determined
in all of the patients. Also, electrocardiography was normal in
all of the patients. All parents of the patients were informed
about the study and a written consent was obtained from each
parent of the patients. The study protocol was approved by the
Institutional Ethics Committee (IEC). The study was conducted
in accordance with the principles of Helsinki Declaration. All
the patients had endoscopic examination of the oral cavity, nose
and post-nasal space, pre-operatively. Adenoid tissue was classified as follows; grade 1, adenoid tissue completes less than
25% of choana; grade 2, adenoid tissue completes 25-50% of
choana; grade 3, adenoid tissue completes 50-75% of choana
and grade 4, adenoid tissue completes 75-100% of choana. Tonsil size was classified using Brodsky11 grading scale as +1, tonsil
hypertrophy causing less than 25% upper airway obstruction, +2
it causing 25-50% upper airway obstruction, +3 it causing 5075% upper airway obstruction and +4, it causing more than 75%
upper airway obstruction. All patients had grade 3 and 4 adenoid
hypertrophy (AH) and tonsil hypertrophy. All operations risks
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Number Cruncher Statistical System (NCSS) 2007 software
(Kaysville, UT, USA) was used for all statistical analysis. Descriptive statistics (means and standard deviation, medians with
interquartile range) were derived. The significance of intergroup
differences was analyzed using Student’s t-test, and the significance of the medians was analyzed with the Mann-Whitney Utest. A paired t-test was performed to test differences between
preoperative and postoperative values of MPV and NLR. A pvalue <0.05 was considered to reflect statistical significance.
RESULTS

We included 127 patients: 58(45.7%) females and 69(54.3%)
males. Their average age was 10.20±8.96 years (range: 5-18
years). Mean pre-operative MPV values were 8.12±1.28 fL and
mean post-operative MPV values were 7.96±1.01 fL, respectively. Post-operative MPV values were significantly lower than preoperative measurements (p=0,028, p<0.05) (Figure 1). Mean
pre-operative NLR levels were 1.46±0.82 and post-operative
NLR values were 1.42±1.01, respectively. Post-operative NLR
values were significantly lower than pre-operative NLR values
(p=0.032, p<0.05, Figure 2) (Table 1).
DISCUSSION

Increased platelet activation may be related to an increase of
cardiopulmonary risk in patients with OSAS. Also, MPV levels show indirectly the functions of platelets. MPV levels correlate with the cardiopulmonary risks and morbidity in several
diseases. Patients with elevated MPV levels seem to have bad
prognosis in some cardiovascular and neurological diseases such
as unstable angina pectoris, myocardial infarction and stroke.3-5
In literature, previous studies explored the effect of OSAS on
MPV levels. The study of Soyalıç et al12 have reported that MPV
was higher in children with adenotonsillar hypertrophy and that
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Figure 2: Neutrophil to lymphocyte ratio levels in pre- and postoperative terms.

Figure 1: Mean Platelet Volume levels in pre- and post-operative
terms.

MPV levels(fL)

NLR values

pre-operative

8.12±1.28

1.46±0.82

post-operative

7.96±1.01

1.42±1.01

*p

p:0.028

p:0.032

MPV: Mean platelet volume; NLR: Neutrophil-to-lymphocyte ratio.
*p: Paired Samples t-test
*p<0.05
Table 1: Comparison of pre- and post-operative MPV and NLR
values of patients.

adenotonsillectomy lowers MPV levels in such patients. In contrast, the study of Cengiz et al13 have evaluated the associations
between MPV levels and chronic tonsillitis-AH in children.
They classified children into three groups. Group 1 consisted of
patients who underwent adenoidectomy, whereas group 2 consisted of patients who underwent adenotonsillectomy and, group
3 consisted of healthy patients as control groups. MPV values
(fL) in groups 1, 2 and 3 were 6.6±,0.8, 6.6±0.7 and 7.3±0.9,
respectively, in their study. Also, they reported that MPV values
in groups 1 and 2 were significiantly lower than control group
and there was no significiant difference between group 1 and
2. These studies lead to new discussions. Overall, data on the
effect of adenotonsillectomy on MPV levels remains sparse. In
the present study, post-operative MPV levels reduced in children
with OSAS. Therefore, we can not assert that adenotonsillectomy may reduce cardiovascular morbidity considering the lack
of assessment of long-term outcomes. Confounding variables
that were addressed include the study design, the study size and
the characteristics of patients. To our knowledge, there is no reported study that focused on the effect of duration of OSAS on
MPV levels in patients with OSAS. However, determination of
the effect of duration of OSAS on MPV levels is objectively
difficult. NLR is considered as an potential marker in identification of the disease severity in inflammatory disorders, including
such as cardiovascular diseases, and auto-immune diseases.7-9
The adenoid tissues, like all lymphoid tissue, enlarge when infected. Although, lymphoid tissue does act to fight infection,
sometimes bacteria and viruses can lodge within it and survive.
Chronic infection, either viral or bacterial, can keep the pad of
adenoid tissues enlarged for years, even into adulthood.14 In litOtolaryngol Open J

erature, there have been few studies of exploring the relationship
between NLR levels and OSAS. The study of Köseoğlu et al7
have reported that mean NLR values of the OSAS group were
1.88±0.85 and NLR values of control group were 2.01±0.85 and
they found no significiant difference between OSAS group and
normal group in terms of NLR values. Also, they asserted that
NLR may be used as a marker that indicates chronic intermittent
hypoxia in patients with OSAS. To our knowledge, the present
study provides the first report of exploring the relationships between NLR and OSAS in children. In the present study, mean
pre-operative NLR levels were 1.46±0.82 and post-operative
NLR values were 1.42±1.01, respectively. We found that NLR
values decreased by adenotonsillectomy.
Limitations of this study included a retrospective study
design, the sample size, the lack of randomization and the lack
of assessment of the polysomnography that is difficult procedure
to be employed in children. If the study design was randomized
study with performing polysomnography, the study may be more
valuable. Future randomized studies should explore the relationship between the MPV levels, NLR values and parameters in
polysomnography in larger numbers of patients with OSAS.
CONCLUSION

In conclusion, we observed statistically significant lower MPV
levels and NLR values after adenotonsillectomy in children with
OSAS. Overall, we cannot assert that adenotonsillectomy may
reduce cardiovascular morbidity considering the lack of assessment of long-term outcomes.
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Hot or Immediate Tonsillectomy: A Safe
and Effective Method for Treatment of
Acute Tonsillitis’ Complications
Katarzyna Amernik, MD, PhD*; Krzysztof Sindrewicz, MD; Ewa Jaworowska, MD, PhD
Departments of Otolaryngology and Oncologic Laryngology, Pomeranian Medical University,
Ul. Unii Lubelskiej 1, 71-252 Szczecin, Poland

ABSTRACT
Aim: The aim of this study was retrospective analysis of indications to hot tonsillectomy, its

effectiveness and safety. Peritonsillar abscess (PTA) is one of the most common complications
of acute tonsillitis and the cause of emergency laryngological counselling. In some cases, it is
necessary to perform hot tonsillectomy.
Material and Methods: In between 2009-2015, 21 patients (aged between 4 to 43 years old) with
an initial diagnosis of peritonsillar abscess were admitted. Among them, 11 were women and
10 were men. All underwent hot tonsillectomy.
Results: Most of the patients were between 20-40 years old. The most common symptoms were
pain in the throat, trismus and dysphagia. In all cases incision of an abscess was made, in 9
patients purulent discharge was present. In all patients there was no relief of symptoms after incision and antibiotic therapy. In 12 cases without drainage after initial incision, pus was drained
after tonsillectomy. In the remaining 9 cases there were additional reservoirs of pus, which
were drained after surgery in 6 patients. In 8 patients there was more than one localization of
an abscess. There were no problems with intubation and no complications in the early and late
post-operative periods occurred. The average time of stay in hospital was 8 days (5-12 days).
Conclusion: Lack of improvement after initial treatment of PTA is an indication to hot tonsillectomy. This procedure is not connected with an increased risk of complications. Evacuation
of purulent content does not exclude presence of another abscess, unusual localization or parapharyngeal space abscess.
KEYWORDS: Peritonsillar abscess (PTA); Tonsillectomy; Hot tonsillectomy; Acute tonsillitis;
Complication; Parapharyngeal space abscess.
ABBREVIATIONS: PTA: Peritonsillar abscess; CRP: C-reactive protein.
INTRODUCTION

Copyright
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Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.
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Peritonsillar abscess (PTA) is one of the most common complications of acute tonsillitis and
cause of emergency laryngological counselling. It is also the most common deep neck infection. The incidence is estimated to be 30 out of 100,000 people per year.1,2 Factors predisposing
to the development of peritonsillar abscess described in the literature are bad periodontal status
and smoking.2,3 Treatment is always connected with an abscess incision, drainage of purulent
content, re-hydration4-10 with subsequent antibiotic therapy. In some cases, it is necessary to
perform immediate tonsillectomy.5,9,11 Otherwise infection may spread into surrounding tissues
such as parapharyngeal space. This procedure is potentially connected with an increased risk of
complications, such as problems with intubation,8 intra- and post-operative haemorrhage and
spread of the infection to surrounding tissues especially to the parapharyngeal space.4,10 Immediate tonsillectomy has also been reported in pediatric cases for airway obturation.12
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MATERIALS AND METHODS

Between 2009-2015 in The Clinic of Otolaryngology and Oncological Laryngology of Pomeranian Medical University 21
patients with an initial diagnosis of peritonsillar abscess were
admitted, who underwent hot tonsillectomy. The ages of the
patients ranged from 4 to 43 years old (middle 26 years), 11
women and 10 men.
Retrospective analysis of data from medical history, according to age, symptoms, signs and methods of treatment was
made. Inclusion criteria were peritonsillar abscess recognized in
clinical examination requiring tonsillectomy within 48 hours after admission to the hospital. Symptoms were asymmetry of oral
pharynx and palatoglossal arch, dislocation of the tonsil.13 Age,
stay in the hospital, history of recurrent tonsillitis and peritonsillae abscesses, C-reactive protein (CRP) level and type of treatment were analyzed. The day of discharge from hospital was assumed as the end of treatment. Patients left hospital after healing
of tonsillar niche and relief of local and general symptoms.
RESULTS

The age range of the patients is shown in Figure 1. The largest
group of patients in this study were aged between 21 and 40
years.

In the history of previous upper respiratory tract infections more than half of the patients had at least 3 episodes of
acute tonsilitis in the previous year and 13 had peritonsillar abscess in the past.
Upon admission to the hospital the patients were in
good general condition. Following laryngological examination,
swelling in the peritonsillar area and pain with enlargement of
lymph nodes on the affected side were stated together with signs
of acute tonsillitis.
Blood tests was performed in all patients on the days of
admitting and discharges from the hospital. Results of the blood
tests are shown in Table 2. In all patients, levels of inflammatory
parameters decreased at the day of discharge.
Min

Max

Average

Standard deviation

82

241

123

67.7

WBC

10.34

21.03

15.7

3.63

RBC

3.99

5.48

5.01

0.38

CRP controls

5

69

35

20.03

WBC controls

7.05

11.34

9.56

1.24

RBC controls

3.75

5.15

4.57

0.34

CRP (C reactive protein)

Table 2: Blood tests results.

All patients at the day of admission had undergone incision of PTA. In 9 there was purulent drainage (43%). The algorithm of treatment is show in Figure 2.

Figure 1: Age groups of patients.

The number of men and women in the study were similar (M:W 57%/43%).
Symptoms reported by patients are shown in Table 1,
the most common symptom was pain in the throat and problems
with swallowing.
Number of patients

Percentage

Fever

Symptom

9

43%

Trismus

19

90%

Pain in the throat

21

100%

Dysphagia

13

62%

2

9,5%

10/21

48%

Ear pain
≥3 acute tonsilitis in the previous 1 year
1-2 acute tonsilitis in the previous 1 year
Peritonsillar abscess (previous year)
Table 1: Symptoms reported by patients.

Otolaryngol Open J

2/21

10%

13(10)

62% (47%)

Figure 2: Algorithm of treatment for patients with PTA.

In all patients indication for surgery, hot tonsillectomy,
was lack of improvement within the following 48 hours, independent of purulent drainage after initial incision.
All 21 patients had immediate/hot tonsillectomy. In 11
it was on one side and in 10 bilateral. Indications for bilateral
tonsillectomy were recurrent acute tonsillitis and history of PTA
in the previous year (7 cases) and signs of chronic tonsillitis (3
cases). During surgery in 86% of patients purulent content was
drained and among those cases half of them were parapharyngeal space abscesses. Table 3 gives detailed information about
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recognized abscesses during surgery.
Number

Percentage

antero-superior PTA

14

66%

Posterior PTA

6

29%

Parapharyngeal space abscess

9

43%

Table 3: Postoperative diagnosis.

Among all patients with parapharyngeal space abscess
only in 2 cases on initial incision drainage of pus was present. In
8 patients there was more than one localization of an abscess. In
4 patients PTA in antero–superior area and parapharyngeal space
abscess were found and in 4 posterior PTA and parapharyngeal
space were found simultaneously.
Loss of blood was on average 150 ml. The average time
of surgery was 100 minutes.
There were no problems with intubation, no complications in the early and late post-operative period occurred.
Patients were treated with antibiotics and it was usually
intravenous amoxycylin with clavulanic acid (3 times daily, 1,2
g in 19 out of 21 patients), in one case cefurixime with metronidazole was used and in another case cefotaxim with clindamycin
was used.
The average time of stay in hospital was 8 days (5-12
days). None of the described patients required treatment on our
clinic again.
DISCUSSION

PTA is a purulent reservoir localized between the superior pharyngeal sphincter and a tonsil which is a complication of acute
tonsillitis.3,12,14 This diagnosis requires immediate treatment because of the possibility of infection spread to the parapharyngeal
space, retropharyngeal space and floor of the mouth.15 Continuation of disease leads to the involvement of deep neck spaces
and mediastinum, which is a life threatening condition.14,15 According to the literature progression of infection from throat to
deep neck space occurs in 1.8% patients and from those spaces
to mediastinum in 10%.16 Mortality in acute mediastinitis is still
high and ranges from 30% to 40%.14,16
In the group of patients analyzed in the study, most
patients were young adults aged from 21 to 40 years old who
are professionally active people. These data are consistent with
those from the literature2,3,5-7,12 and that makes problem of PTA
treatment economically important. The symptoms reported by
patients were typical for throat infections.
Out of the whole group in 8, patients abscesses were
present in more than one localization, for example PTA with
abscess of parapharyngeal space. This means that even initial
incision with drainage of pus from the peritonsillar area requires
subsequent controls, especially in situations when there is no exOtolaryngol Open J

http://dx.doi.org/10.17140/OTLOJ-2-123

pected improvement in patient’s clinical status or recurrence of
symptoms after initial improvement. There are data in the literature concerning the spread of infection from peritonsillar area to
deep neck spaces in similar cases.14-17
Fine needle aspiration of PTA or incision with drainage of pus with subsequent antibiotic therapy is the treatment of
choice.2 Although, when there is a lack of expected improvement
the next step that should be considered is hot tonsillectomy. This
procedure is also called tonsillectomy “a chaud” or urgent tonsillectomy and was described at the beginning of 20th century
as typical treatment of PTA.5 Potentially increased risk of the
procedure and intra-operative and post-operative complications
led to the abandonment of this procedure by surgeons. However,
on the basis of the results presented here, along with data from
the literature we can suggest that this procedure is not connected
with increased risk of complications such as haemorrhage during
surgery or delayed haemorrhage.5-7,9-11,18 Albertz et al13 reported
that describing their 10 years experience. The authors had cases
of bleeding (3.6%) and single cases of edema, diarrhea, persisted
odynophagia, panic attack, cutaneous rash.12 No problems with
intubation or complications such as haemorrhaging occurred in
any of our patients. These results confirm information from the
literature according to Berry et al5 who estimated hot tonsillectomy to be easier than delayed tonsillectomy, especially on the side
of PTA. Johnson6 suggested that if there is delayed tonsillectomy
following abscess, this may be connected with higher costs of
treatment as it may require another hospitalization and absence
at work. The same author recommends hot tonsillectomy in all
patients with recurrent PTA,6,7 as it may prevent recurrences.2,12
It is still controversial if this tonsillectomy should be performed
on one side only or if it should be performed bilaterally. In our
material bilateral tonsillectomy was made in all patients who
had indications for tonsillectomy, independent from PTA. According to the literature it seems to be the most common practice
in another centres.11 However, Albertz et al13 recommend bilateral tonsillectomy in all cases as a prevention of recurrences, on
the basis of their study. Immediate tonsillectomy is especially
effective in cases of intratonsillar and posterior abscess,12 which
was confirmed in our study.
It is recommended to administer antibiotics intravenously before hot tonsillectomy and to avoid analgesic drugs
which inhibit aggregation of blood platelets and may influence
blood coagulation.5,19
In all of our patients improvement was achieved after
surgery and antibiotic therapy with amoxicillin with clavulanic acid. Diagnostic imaging may include computer tomography11,17,20 but it seems that the main indication for hot tonsillectomy is lack of expected clinical improvement in spite of proper
treatment. Diagnostic imaging may be useful in case of doubts.
CONCLUSION

Lack of improvement after initial treatment of PTA should make
a consideration of performing hot tonsillectomy as an emerPage 107
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gency. This procedure is not connected with increased risk of
complications and postponing the decision may lead to infection
spread into surrounding tissues. Evacuation of purulent content
does not exclude the presence of another abscess in close, unusual localization or parapharyngeal space abscess.
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I am honoured and enthusiastic to be a part of Otolaryngology-Open Access Journal.
I will like to discuss a case of academic interest.
Thirty-four-years old male, soldier by occupation had complains of three episodes of
loss of consciousness lasting for 3-4 seconds for last one year. There was no history of giddiness, ear discharge, aural fullness, autotoxin medication, tinnitus etc. His examination revealed
bilateral normal tympanic membrane and tuning fork tests were suggestive of left sided Sensor
Neural Hearing Loss (SNHL). Patient was unaware of hearing loss. Fistula test was negative
and caloric test demonstrated left canal paresis. Rest neurotological examination was normal.
Audiomertry presented left sided moderate severe SNHL. Cardiologist and neurologist evaluation was normal. MRI brain was also normal.
In view of left sided ear hearing loss and canal paresis on caloric test, high resolution
CT temporal bone was performed and it clinched the diagnosis of left Superior Semicircular
Canal Dehiscence (SSCD) (Figure 1). The patient was taken up for surgical closure of SSCD by
middle cranial fossa approach. The defect was closed by fat and tissue glue. Presently, patient
is asymptomatic for two years.

Figure 1: HRCT Temporal Bone showing coronal cuts. Yellow encircled region shows superior semicircular
canal of both sides. Red pointing arrow shows dehiscence in left superior semicircular canal.
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The true incidence of SSCD is unknown due its rare presentation. The etiology of
this syndrome was localized to a dehiscence of the bone covering the superior semicircular
canal. The abnormal communication between the superior semicircular canal and the brain can
result in vertigo and oscillopsia induced by loud sounds (Tullio phenomenon), by changes in
pressure in the ear canal that are transmitted to the middle ear (Hennebert sign), or by Valsalva
maneuvers.1-3 Our patient was not having any such presentation as described making it atypical.
Our case of young adult soldier with episodes of loss of consciousness with unilateral SNHL is
being reported to emphasize on complete neurotological examination and thorough workup on
such patients as diseases can have unusual presentation.
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Tinnitus modulation by movements of the temporomandibular joint, head and neck musculoskeletal structures and the eye can be found in one to two thirds of tinnitus sufferers; unfortunately this condition is often overlooked by otolaryngologists. Although somatic modulation
has been initially hypothesized as a fundamental characteristic of tinnitus, there is increasing
evidence of a tight connection with disorders of non-auditory regions. The structure that mostly
modulates tinnitus is the temporomandibular joint, which mainly causes an increase in tinnitus
loudness, followed by head and neck movements that may result in an increase or decrease of
loudness and eye movements (gaze-evoked tinnitus). Besides loudness, somatic movements
can also modulate tinnitus pitch and localization. Somatosensory tinnitus is a relatively new
finding that leaves several open questions: are there individual predisposing factors to somatic
modulation? How strong is the association between the capability to somatically modulate tinnitus and an underlying non-auditory disorder? Why patients that have concomitant hyperacusis also have higher chances of tinnitus modulation? Further basic science and clinical research
is required to address these and many other questions about somatosensory tinnitus.
KEYWORDS: Somatic modulation of tinnitus; Temporomandibular joint disorder; Somatosen-

sory tinnitus.

INTRODUCTION

Tinnitus is a widely spread symptom affecting over 16 million subjects in the US with consequences, sometimes severe,1 on the overall quality of life of affected individuals.2,3 Estimated
prevalence ranges between 12 and 16%.4 Tinnitus can derive from age-related or hereditary
hearing loss,5 acute or chronic acoustic trauma,6-8 ototoxic drugs including aminoglycosides,
cisplatin and high doses of salicylate,9,10 other hearing disorders as well as from psychological
factors such as depression, anxiety, obsessive compulsive, mood, conversion, somatoform and
other psychiatric disorders.11,12
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The pitch and loudness of tinnitus can be modulated and even evoked or silenced
for a short time in some individuals by movements of the temporomandibular joint, head and
neck muscles and the eyes due to interactions between the auditory and the somatosensory
systems. This type of tinnitus, called somatosensory tinnitus, could be a direct consequence of
a disorder of non-auditory musculoskeletal structures, a fundamental characteristic of tinnitus
as hypothesized by Levine13 or, most probably, an attribute of tinnitus favored by an underlying
somatic disorder that triggers existing neural connections between somatosensory and auditory
pathways. So far, even if clinical experience suggests a direct connection, there is a lack of
studies that prove an association between modulation and a somatic disorder and, to date, no
statistically significant association between somatic disorders and higher prevalence of tinnitus
modulation following somatic maneuvers has been described.14,15
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The knowledge of the pathophysiologic basis of somatosensory tinnitus is constantly increasing thanks to basic
research studies on animal models. Data from animal studies
indicates the relay of afferent somatosensory information by the
trigeminal and dorsal root ganglia; somatosensory input causes
changes in the firing rate and synchrony in dorsal cochlear nucleus neurons that may be at the base of somatic tinnitus.16,17

Levine conducted a study on 70 patients and reported
that 68% of the subjects could somatically modulate their tinnitus with head or neck maneuvers.13 This finding was confirmed
by Sanchez and colleagues with similar results (65%).18 Kapoula
reported that 10 patients out of 23 (43%) were able to modulate
their tinnitus with head movements, 9 (39%) with muscle pressure.24

The modulation of tinnitus by somatic movements is
widely diffused among acute and chronic tinnitus sufferers and
has been reported to involve one to two-thirds of them with different patient series ranging between 65% and 83%.18-22 Several
authors have developed sets of maneuvers to modulate tinnitus;
a detailed description of these maneuvers has been published by
Won in 2013 comparing the prevalence and characteristics of
somatic modulation found in six previous studies.22

Discordant results in terms of increase or decrease of
tinnitus loudness have been reported following head and neck
maneuvers: Levine reported that 41% of the subjects could increase their tinnitus, 17% could decrease tinnitus loudness and
10% could either increase or decrease tinnitus loudness depending upon the maneuver.13 On the contrary, Won reported a consistent increase in all jaw maneuvers and a consistent decrease in
all head and neck maneuvers.21

SOMATIC MODULATION OF TINNITUS

Eye (Gaze-Evoked Tinnitus)

Temporomandibular Joint

Movements of the eye have often been reported inducing a change in tinnitus pitch and loudness (gaze-evoked tinnitus). This
was initially reported by Whittaker in 1982 in a patient experiencing tinnitus shifting eye gaze from straight to side gaze in right
and left directions as a complication of acoustic neuroma surgery.26 Simmons found that 77% of patients who had undergone
acoustic neuroma surgery developed gaze-evoked tinnitus. In
most cases tumor removal resulted in total loss of hearing in the
affected ear; patients could hear tinnitus in the side of the acoustic neuroma. Interestingly, pre-existing tinnitus was a major risk
factor associated with the development of gaze-evoked tinnitus
in patients who had undergone acoustic neuroma resection.21

The temporomandibular joint appears to be the region that
mostly modulate tinnitus. Several authors reported a prevalent
increase of tinnitus loudness following jaw maneuvers14,18-20; this
could be explained by the mainly excitatory input of trigeminal
nerve stimulated by temporomandibular movements. Rubinstein
reported modulation of tinnitus in one-third of studied subjects
following jaw movements or pressure on the temporomandibular
joint.23 In 2003, Levine reported that up to 80% of the subjects
could somatically modulate tinnitus, mainly with jaw maneuvers.19 In a following study by Simmons, the authors investigated patients who could modulate tinnitus by movements of the
jaw: 90% indicated that their tinnitus became louder with a jaw
clench, 41% reported that clenching caused their tinnitus loudness to double, 26% to triple. In the same patient series, a large
portion of the subjects reported that jaw movements could also
alter the pitch of the tinnitus, mainly increasing it to a higher frequency (91%).21 In a smaller sample, Kapoula report that 61% of
the examined patients (14/23 subjects) could modulate tinnitus
with jaw movements.24 In a recent analysis of 163 patients at the
National University of Seoul, South Korea, Won reported that
all jaw maneuvers, especially clenching of teeth and opening of
the jaw with or without pressure increased tinnitus loudness.22
Head and Neck Musculoskeletal System

Daily fluctuations in perception of tinnitus have been reported,
with some patients describing louder tinnitus upon awakening
in the morning, while others reported absence of tinnitus in the
morning, which returns during the day. Also, some tinnitus sufferers have reported experiencing louder tinnitus upon awakening from a nap in the sitting position; this could be explained by
somatic factors like cervical spine muscle relaxation during the
night or stretching of the neck muscles when the head passively
falls forward while sleeping in a sitting position.25

Otolaryngol Open J

Other Structures

Besides temporomandibular joint, cranio-cervical muscle and
eye movements, other structures have been also reported modulating tinnitus. They include limb,13,18-20 cutaneous stimulation of
the hand and face,27,28 finger movements,29 thrusting of the tongue in the midline, to the left, and to the right, and movements of
facial expression such as eye closure, eyebrow raise, puffing the
cheeks, baring the teeth, and pursing the lips.21
DISCUSSION

Tinnitus modulation by somatic movements is a relatively new
finding that still requires basic science and human studies to
better understand its pathophysiologic basis and clinical correlations. However, it has been reported that up to two-thirds of
subjects with tinnitus have some form of somatic modulation;
therefore this type of tinnitus certainly needs to be taken into account in future research directions.30 Also, under a clinical point
of view, somatosensory tinnitus is still widely overlooked by
otolaryngologists when approaching tinnitus patients, missing
the opportunity to highlight the presence of a disorder external
to the auditory pathways that if correctly identified and treated
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could help in obtaining satisfactory results.
To date, there are several open questions about somatosensory
tinnitus to be addressed:
1. Modulation of tinnitus is present in some subjects and is absent in others; are there predisposing factors to it? The identification of possible factors, such as gender, age, Tinnitus
Handicap Index score, type of sound and tinnitus age, that
increase the chance of tinnitus modulation could be an interesting information to facilitate patient selection for further
somatic testing. Studies on larger patient series are required
to address this question.
2. Is there, and how strong it is, an association between the capability to modulate tinnitus and an underlying pathological
disorder of the involved region? Modulation seems to be favored when a musculoskeletal disorder is present,31 but can
also happen in its absence. The identification of a possible
relationship between higher prevalence of positive tinnitus
modulation following somatic maneuvers and a disorder of
the corresponding region (mainly for temporomandibular
joint and cranio-cervical regions) could facilitate the diagnosis of potentially overlooked temporomandibular joint or
cranio-cervical dysfunctions responsible for the somatic origin of the tinnitus and therefore indicate a treatment of these
disorders increasing chances of tinnitus improvement.
3. Changes that occur after somatic maneuvers are in most cases transitory and last for the time the maneuver is performed
or for a short-time afterwards. However, some patients reported that tinnitus changes experienced during the maneuver, especially in loudness, last for longer periods of time after manipulation. This is consistent with patients who report
tinnitus disappearance after a nap or in the morning, mainly
linked to head and neck positions, and could represent a basis
for a long-lasting effect of manual therapies.
4. Hyperacusis has been recently associated to higher modulation of tinnitus with somatic maneuvers of temporomandibular joint and head and neck. In a large retrospective
analysis, Schecklmann reported that 27% of tinnitus patients
were positive to somatic modulation, compared to 38% of
patients with tinnitus and hyperacusis.32 This could be linked
to a higher sensitivity to somatic input in tinnitus patients
with hyperacusis that could follow a generally increased sensitivity to sensory input. It would be certainly interesting to
further explore this and highlight the basis of such potential
hypersensitivity that could be useful for future therapeutic
approaches.
In the authors opinion, tinnitus modulation should
always be investigated when approaching tinnitus patients. In
positive cases, a multidisciplinary approach aimed to identify
underlying non-auditory disorders should always be sought to
increase chances of tinnitus improvement. Clinical research to
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investigate the strength of the connection between modulation
and somatic disorder, as well as possible predisposing factors is
certainly needed. Further understanding of the pathophysiologic
basis of somatic modulation of tinnitus and, especially, more
studies on larger patients series are required to address these and
many other questions about somatosensory tinnitus.
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ABSTRACT
Introduction: Turner’s Syndrome (TS) is associated with hearing disorders in about 20 to 50%

of affected individuals. The most common hearing disorders include congenital auricular malformations, recurrent otitis media and sensorineural hearing loss, although altered vestibular
function and tinnitus have also been reported.
Objectives: The aim of this paper is to provide an up-to-date overview of the principal findings
and research perspectives about the association between TS and hearing disorders.
Review: Middle ear disorders, found in a range between 21 and 91% of subjects, are a consequence of morphological cranio-facial alterations resulting in middle ear ventilation dysfunction. Sensorineural hearing loss follows 2 main audiological profiles: a bilateral symmetrical
mid-frequency dip and a high frequency down-sloping curve. Although the pathophysiologic
basis of sensorineural hearing loss in TS patients are still unclear, several hypothesis have been
made so far and are reviewed in this paper.
Conclusion: Literature confirms that hearing disorders, although not the most relevant clinical
problem in these patients, have a high incidence in patients with TS and should therefore undergo early evaluation and monitoring over time.
KEYWORDS: Turner’s Syndrome (TS); Hearing disorders; Hearing loss; Tinnitus.
ABBREVIATIONS: TS: Turner’s Syndrome; SNHL: Sensorineural hearing loss; ABR: Auditory
Brainstem Responses.
INTRODUCTION

Turner’s Syndrome (TS), a common chromosomal condition with an estimated incidence of 1
per 2,000 women,1 is associated with hearing disorders in about 20 to 40% of affected individuals. TS, also known as 45,X, is caused by a complete or partial deletion of one of X chromosomes; affected subjects are characterized by short stature, typical dysmorphic features, cardiac
abnormalities, gonadal dysgenesis, congenital lymphoedema, renal malformations, obesity,
diabetes and other minor somatic anomalies described by the Turner’s Syndrome Association.2
Intelligence is usually within normal range, minor problems with non-verbal, social and psychomotor skills may be present.3
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The most common hearing disorders found in patients with TS include congenital
auricular malformations, recurrent otitis media and sensorineural hearing loss.4 Current studies available in the literature report an incidence of hearing loss in about 50% of patients with
TS: 60% for sensorineural hearing loss, 25% for conductive hearing loss, and 15% for mixed
hearing loss.4-7 Asymptomatic vestibular dysfunction and tinnitus have also been reported, but
only in the form of case reports; the first could be due to the impact of estrogen on the vestibule,
while the second could be a consequence of hearing deafferentation (Table 1).8
Conductive hearing loss may be a consequence of lymphatic hypoplasia, common in
TS, with lymphatic effusion in the middle ear predisposing to adhesions and impaired aeration
and drainage, as well as of morphological alterations of the eustachian tube and middle ear
following cranio-facial alterations in TS patients, probably the shortening of longitudinal skull
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Conductive/mixed hearing loss

Frequency

Acute otitis media

Common

Recurrent acute otitis media

Common

Otitis media with effusion

Uncommon

Cholesteatoma

Rare

Retraction pocket

Common

Perforation of the tympanic membrane

Uncommon

Sensorineural hearing loss
Bilateral high frequencies hearing loss

Common

Bilateral mid frequencies hearing loss

Common

Profound hearing loss (>85 dBHL)

Very Rare

Other
Tinnitus

Case Report

Asymptomatic vestibular dysfunction

Case Report

Table 1: Audiological findings reported in patients with Turner’s Syndrome with related frequency.

dimension, and causing inadequate ventilation of the middle
ear. The most common alterations include cylindrical shape of
the tympanic ostium of the tube, hypotonia of tensor veli palatini muscle and mastoid hypocellularity. This results in chronic
ventilation dysfunction often followed by chronic otitis media
sometimes associated to cholesteatoma.9
Sensorineural hearing loss (SNHL) in TS represents a
relatively recent finding and seems to be independent from middle ear diseases; several hypothesis about the pathophysiologic
basis have been made so far, but still remain unclear. The most
common sensorineural audiological finding in TS patients consists in a bilateral symmetrical mid-frequency dip, mainly at 2
kHz, probably correlated to karyotype.10 In some patients, high
frequency down-sloping SNHL can also be present. SNHL in TS
patients can have an early onset, starting during the first decade
of life or, most commonly, during the second and third decades,
with a tendency to worsen over time. Studies have attributed
the mid-frequency dip to cell cycle delay that is more evident in
the middle turn of the cochlea where hair cells have the highest
concentration per millimeter length of the organ of Corti.11,12 The
early onset of the high-frequency hearing loss may instead be
a consequence of a faster apoptotic process of hair cells in the
basal turn. Estrogen deficiency could play an important role in

these processes through its action on estrogen receptors in the
inner ear.10,13 It is also important to mention that different alterations of auditory brainstem responses (ABR) have been reported
in TS, revealing possibly impaired cochlear nerve function to the
level of brainstem.
OBJECTIVES

Although several papers have been published about the association between Turner’s Syndrome and hearing disorders, some
aspects, especially for patients with sensorineural hearing loss,
are still debated and certainly need more clinical and basic research studies.14 The purpose of this review paper is to provide
an up-to-date overview of the principal findings and research
perspectives about such association.
REVIEW OF THE LITERATURE

Several studies have focused on the hearing function in patients
with TS. From a literature research, 26 studies that focused on
hearing disorders in patients with TS have been found (Table 2).
Studies have been published between 1988 and 2015, with an
average of 0.89/year (Figure 1). The most relevant are reported
in the following paragraph.

Figure 1: Frequency of studies reporting audiological findings in patients with
Turner’s Syndrome from 1988 to 2016.
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Authors

No. of patients

Year of Publication

Leheupet al15

60

1988

Watkin et al16

24

1989

Sculerati et al

22

1990

Hultcrantz et al17

44

1994

Sculerati et al18

24

1996

Hultcrantz et al19

40

1997

Benazzo et al

6

62

1997

Stenberg et al7

56

1998

Barrenas et al20

115

1999

Barrenas et al21

119

2000

Gungo R et al

38

2000

9

12

Serra et al4

21

2003

Hultcrantz10

325

2003

Beckam et al5

113

2004

Ostberg et al22

138

2004

Dhooge et al23

41

2005

Morimoto et al24

33

2006

51

2008

Bergamaschi et al26

153

2008

Parkin et al27

23

2008

Hederstierna et al28

69

2009

Gawron et al

25

Verver et al

60

2011

Oliveira et al30

52

2013

Ros et al31

31

2014

Verver et al

65

2014

24

2015

29

32

Bakhshaee et al33

Table 2: Previous studies reporting audiological findings in patients with Turner’s Syndrome (literature review).

In 2003, Hultcrantz10 performed audiometric and karyotype exams in 325 women with TS, finding otitis media in 61%
and SNHL in 80% of the individuals studied, most of them having the 45XO or 45XO/46Xi(Xq) karyotype. In 2005, Dhooge23
published a prospective study with a questionnaire and audiologic evaluation in 41 patients with TS (median age: 24 years), finding pure sensorineural hearing loss in one-third of the patients
(38.8%) and pure conductive losses in one-fifth (21.3%). The
remaining 60.1% had normal hearing. One year later, Morimoto24 studied 33 TS patients with age ranging between 8 and 40
years; 20 subjects showed high-frequency SNHL (60.1%) with
a statistically significant correlation between hearing loss, age
and body height (p<.001). Also, age-dependent hearing loss was
more apparent in patients with monosomic 45,X kariotype than
in those with the mosaic type. This was confirmed in a later study
published in 2013 by Oliveira30 who reported a large prevalence
of high frequency hearing loss in TS patients; those with a 45,X
karyotype and isochromosomes with loss of the p-arm of the X
chromosome had a greater risk of developing hearing loss than
patients with mosaicism. Furthermore, the authors described
a linear association between hearing loss and age in these patients. In 2008, Gawron25 studied 51 TS patients (median age:
14.3 years), reporting recurrent acute otitis media in 19.6% of
subjects, conductive hearing loss in 11.7%, mixed hearing loss

Otolaryngol Open J

in 5.9% and a moderate sensorineural hearing loss in 18.6%.
The authors also reported altered ABR in 52% of the patients
revealing a possible retrocochlear involvement. In the same year,
a large study by Bergamaschi and colleagues26 was performed
in 173 TS patients (median age: 12 years). Conductive hearing
loss was found in 38.7% of patients: persistent secretory otitis
media in 55.2%, chronic otitis media in 10.4%, pars flaccida retraction pocket in 19.4%, chronic otitis media with cholesteatoma in 15% of the subjects. Sensorineural hearing loss occurred
in 15.6% of the subjects, mostly bilateral (93%) for both high
(42%) and mid (58%) frequencies. In a different paper, Parkin
and Walker27 focused on 23 children with TS (median age: 10.4
years), finding middle ear disease in 91% of subjects and SNHL
in 9%. In 2009, Hederstierna28 conducted a longitudinal study
of hearing decline in women with Turner syndrome, confirming
that young and middle-aged women with TS have a progressive
type of hearing impairment, deteriorating rapidly in adult age.
The group of Verver of the Radboud University Nijmegen Medical Centre, Netherlands, published 2 studies on hearing function
and TS. In the first, the authors studied a group of 60 children
with TS and correlated their findings to karyotype, supporting
the hypothesis that hearing can be affected by loss of the p-arm
of the X-chromosome.29 In the second paper, published in 2014,
the authors studied 65 TS patients finding a higher prevalence of
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hearing disorders in patients with monosomy 45,X or isochromosome 46,X,i(Xq), thus confirming the results of their previous study.32 In the same year, Ros compared 31 adult patients
with TS to 15 women with other congenital hypogonadims and
41 healthy age-matched women. Their findings confirmed that
more than a half of TS females presented HL; SNHL was the
most frequent pattern among middle-aged women with TS and
old age, karyotype and recurrent otitis were predisposing factors
to induce HL.31

6. Benazzo M, Lanza L, Cerniglia M, et al. Otological and audiological aspects in Turner syndrome. J Audiol Med. 1997; 6:
147-159. Web site. https://moh-it.pure.elsevier.com/en/publications/otological-and-audiological-aspects-in-turner-syndrome.
Accessed August 26, 2016

CONCLUSION

8. Baxter M, Agrawal Y. Vestibular dysfunction in Turner syndrome: A case report. Otol Neurotol. 2014; 35(2): 294-296. doi:
10.1097/MAO.0b013e31829e16df

In conclusion, literature confirms that hearing disorders, although not the most relevant clinical problem in these patients,
have a high incidence in individuals with TS. They can be both
conductive due to morphological alterations common to other
conditions with similar cranio-facial alterations, and sensorineural with a chronic worsening trend over time. Also, sensorineural
hearing loss may not be clinically noticeable in most cases, especially at its onset and during the first decades of life. Therefore,
it is always recommended investigating the hearing function in
TS patients with subjective and objective techniques including audiometry, otoacoustic emissions and auditory brainstem
responses; both early hearing evaluation and monitoring over
time are necessary. Because patients with TS can present with
different manifestations affecting multiple systems, the otolaryngologist should be aware of TS and its association with hearing disorders. Further studies are required to better understand
the pathophysiologic basis of SNHL in patients with TS, while
an increased clinical attention to conductive hearing loss in the
recent years has contributed to a substantial decrease in chronicization of hearing loss and its consequences.
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