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INTRODUCTION
Although the inferior turbinate may be operated on for rea-
sons of neoplasia, epistaxis, and a source of graft material, by
far the commonest reason is for chronic nasal obstruction.
Chronic nasal obstruction is a common symptom of nasal dis-
ease and has many adverse sequelae including mouth breath-
ing, dryness of the oropharynx, nasal speech, disordered sleep,
restlessness, malaise, an adverse effect on quality of life and
reduced lung volumes (1-3). Inferior turbinate enlargement due
to rhinitis is one of the main causes of chronic nasal obstruc-
tion (4). The rhinitis may be allergic, infective, vasomotor, hor-
monal or secondary to medication (5,6). Fortunately the
turbinate enlargement is usually amenable to medical treat-
ment of the underlying inflammatory process (7). After estab-
lishing a diagnosis, medication can be started, an aggravating
medication discontinued, a responsible allergen avoided or
hyposensitisation commenced (6). Maximum relief often
requires corticosteroids (6) and antihistamines (8). However,
long standing swelling may become irreversible. This may be
due to dilated submucosal venous sinuses becoming varicose
and unresponsive to sympathetic nervous system stimulation
or medical treatment (9) or because of fibrosis (10-12). As such
some patients are refractory to medical management or show
only slight response and complain of persistent symptoms (13).
Alternatively some patients prefer surgical treatment (8). In
these instances inferior turbinate surgery may be offered
(6,8,14,15). Turbinate surgery is common and has been reported as
the eighth most common procedure performed by otolaryngol-
ogists (16). 

PATHOPHYSIOLOGY OF TURBINATE ENLARGEMENT
The physics established with Poiseuilles law demonstrates that
as little as a 10% increase in the cross sectional area of the
nasal passage produces a 21% increase in flow. Studies using
external nasal dilators have shown 70% of the effects on nasal
resistance can be achieved with external dilators in the region
of the nasal valve and anterior region of the inferior turbinate
(17). Decongestion of the nose increases the volume of the nasal
cavity by 35% (18). Given the predominant effect of deconges-
tants is vasoconstriction of the inferior turbinate, and given the
anterior portion of the inferior turbinate is intimately associat-
ed with the region of the nasal valve area, inferior turbinate
reduction should produce a significant change in nasal obstruc-
tion.
Whereas enlargement of the inferior turbinate is a common
cause of nasal obstruction, enlargement of the middle
turbinate is not. Inferior turbinate enlargement can be bilateral
or unilateral. Bilateral is due to hypertrophy from allergic or
nonallergic rhinitis. Unilateral enlargement occurs in associa-
tion with a congenital or acquired anatomical deviation of the
septum into the contralateral nasal passage. Such unilateral
enlargement is thought to be secondary to the septal deviation,
with the larger turbinate protecting the more patent nasal pas-
sage from excessive airflow, which may dry the nasal mucous
membrane resulting in crusting. A second theory is primary
growth of one inferior turbinate, genetic or as a result of trau-
ma in early life, pressing on the growing septum in early life
causing it to bend. The unilateral enlargement occurs as a
result of increase in the size of the mucosa and conchal bone
(19).

Nasal obstruction is commonly due to enlargement of the inferior turbinate. This review dis-
cusses the pathophysiology of turbinate enlargement, the indications for, and methods and out-
come of turbinate reduction. All techniques are successful but vary in their long-term efficacy,
their propensity for complications and the degree to which they may adversely affect nasal func-
tion. Newer techniques under local anaesthetic and often endoscopic control offer outpatient
treatment with satisfactory outcomes. However selecting a particular technique should take
account of the individual patient’s features, the surgeon’s experience and judgement and
informed patient choice. 
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The central strategy of turbinate surgical procedures is to
reduce the volume of the inferior turbinate particularly in its
anterior portion, a component of the internal nasal valve, the
most resistive segment of the upper airway. The nasal airflow
is to be improved without affecting nasal physiology. The infe-
rior turbinate plays a major role in filtering, warming and
humidifying inspired air, directing airflow particularly up into
the olfactory area, and protecting the host with mucosal IgA
and mucociliary clearance. The mechanism of perception of
airflow is not fully understood, in particular the presence of
airflow receptors in the mucosa has been a subject of contro-
versy. Although nasal obstruction is commonly associated with
an increased nasal airway resistance, the objective measure-
ment of nasal airway resistance does not always correlate with
subjective degree of nasal obstruction. Damaged, resected or
by-passed trigeminal nerve endings can create the sensation of
nasal obstruction despite no objective increase of nasal airway
resistance. On the contrary, stimulation of the menthol recep-
tors can improve the subjective sensation of nasal airflow with-
out a decrease in airway resistance (20). Histologically, tactile,
pressure and thermoreceptors have been identified in the nasal
mucosa. The cooler the nasal lining the clearer the nose feels
supporting a hypothesis that the sensation of nasal airflow is
derived from a cooling of the nasal lining on inspiration, which
is probably detected by cold thermoreceptors (21). Jones and
colleagues demonstrated that anaesthesia of the nasal vestibule
had a more pronounced effect on airflow sensation than anaes-
thesia of the nasal mucosa (22,23), but Clarke demonstrated the
nasal lining is sensitive to an air jet (24) with Wrobel and col-
leagues finding the inferior meatus to be most sensitive (25).
From a clinical standpoint, understanding the distribution of
the sensitivity of the nasal mucosa to airflow is important in
preserving specific regions of nasal mucosa during surgical
intervention to help to maintain the perception of airflow. The
inferior turbinate takes part in the transient asymmetric con-
gestion, as in the nasal cycle, and symmetric congestion in
response to various stimuli to warm, humidify and filter
inspired air. Such congestion is an important physiological
function of the nose and needs to be preserved in performing
surgery.
Therefore the ideal turbinate reduction procedure should
reduce inferior turbinate volume, preserve the overall turbinate
shape responsible for shaping an aerodynamic air stream, pre-
serve physiological functions while minimising iatrogenic com-
plications. Any technique destroying the turbinate mucosa is
more likely to lead to a loss of turbinate function, crusting and
adhesions (26-28).
Understanding the histology of the hypertrophic inferior
turbinate is imperative for the development and management
of inferior turbinate reduction surgery. A study by Berger and
colleagues compared pathologically hypertrophied inferior
turbinates with normal turbinates (14). The normal turbinate
consists of an outer layer of respiratory mucosa, a submucosal
layer, an inner periosteal layer and the turbinate bone. The

submucosal layer is largely venous sinusoids, capable of
engorgement with blood, causing swelling of the nasal mucosa.
The principal control of the distension of the venous sinusoids
is by the sympathetic nervous system and alters the response
to various physiological and pathological factors. The patholog-
ically hypertrophied inferior turbinate is quantitatively signifi-
cantly wider, with the medial mucosal layer doubling in width
and making the greatest contribution to the hypertrophy of the
inferior turbinate, the bone changing very little in size.
Qualitatively the hypertrophied inferior turbinate shows dilat-
ed, engorged thin walled venous sinusoids, marked subepithe-
lial inflammatory cell infiltrate beneath the basement mem-
brane and fibrosis of the lamina propria, suggesting a progres-
sive and irreversible course and representing the end point of
inflammation. At this point supportive treatment usually fails
and the grounds for surgical reduction are laid down. On the
basis of these findings Berger and colleagues suggest targets
for inferior turbinate reduction surgery are the medial and
inferior mucosal layers. The medial layer shows the greatest
thickening and obstructs the airway. The inferior layer con-
tributes less to the increase in width but is rich in sinusoids,
poor in glandular elements and lacks major arteries. Therefore
surgical reduction of the inferior layer will help congestion,
will not increase the risk of nasal dryness nor increase the risk
of perioperative haemorrhage. They feel the lateral mucosal
layer should be spared as it does not encroach on the airway
and has an important role in humidifying the inspired air and
maintaining mucociliary clearance (14).
Histological study of the inferior turbinates in patients with a
deviated septum and compensatory enlargement of the con-
tralateral inferior turbinate shows not only some increase in
the thickness of the mucosa but also a significant doubling in
the thickness of the bone (29). Increase in the bony layer
accounts for 75% of the entire growth of the inferior turbinate.
CT scanning suggests this increase in the bony layer takes
place in the anterior and middle thirds of the turbinate com-
pared with the contralateral side (30). As Farmer and Eccles
have pointed out, an appreciation of the relative enlargement
of the bony and soft tissue constituents of the inferior
turbinate is important when deciding on which type of surgical
intervention is most appropriate (15).

INFERIOR TURBINATE SURGERY
When do we operate on hypertrophied inferior turbinates?
Only after a thorough trial of medical treatment, which is to
include topical nasal steroids, given over a protracted length of
time has failed (31). In a consensus statement in 2003, a trial of
medical management is described as mandatory before surgery
is undertaken (32). However, the duration and exact nature of
medical treatment is not well defined. Studies are required to
establish what is sufficient medical treatment and how long it
should be administered for before surgery is considered. 
Various surgical treatments for enlarged inferior turbinates
have been tried over the centuries. The selection of an opera-
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tive procedure to treat the inferior turbinate in chronic rhinitis
remains controversial. 

Submucosal Diathermy
Submucosal diathermy has been one of the most popular pro-
cedures. Submucosal diathermy is peformed under general
anaesthesia. The nose is first decongested. Diathermy is per-
formed using an insulated needle electrode. The needle tip is
pressed against the anterior end of the inferior turbinate and
activated for a short period giving a devascularised zone, to
reduce bleeding. The needle is then introduced submucosally
through this zone to the posterior end of the turbinate, care
being taken to stay close to the bone. The diathermy is then
turned on whilst the needle is slowly withdrawn over a period
of 5 seconds. Three such passes are performed for each inferi-
or turbinate at a coagulation current of 70W. If the diathermy
current is sufficient, the mucosa of the turbinate blanches and
shrinks. There is rarely any need for nasal packing allowing the
procedure to be performed as a day case. Submucosal
diathermy produces its effects by applying an alternating cur-
rent in a megahertz frequency range to the tissue. The high
rate of change in current in a volume conductor, in this case
the inferior turbinate, leads to heating of the tissue. The heat-
ing is greatest where current density is highest, which is at the
tip of the diathermy needle and leads to a submucosal burn.
The submucosal burning leads to subsequent scarring, fibrosis
and obliteration of the venous sinusoids. Engorgement is thus
largely abolished causing a decrease in the volume of the
turbinate mucosa and relief of airway obstruction. Initially,
however, the thermal damage leads to an inflammatory
response with a period of worsening of the obstruction before
improvement occurs, with a dramatic fall in resistance at 
2 months (33). Topical vasoconstrictor drugs contain alpha
adrenoreceptor agonists which cause vasoconstriction in the
nasal submucosa manifested as collapse of the venous sinu-
soids. This collapse leads to nasal mucosal shrinkage and cor-
responding increase in nasal patency. The classical concept is
that submucosal diathermy will only be effective if the inferior
turbinates are capable of decongestion. Indeed a study by
Jones and colleagues demonstrated a good correlation between
both the objective and subjective reduction in nasal resistance
achieved pre-operatively with vasoconstrictors, and the reduc-
tion of nasal resistance achieved by submucosal diathermy (10).
It has been suggested that submucosal diathermy would not be
effective in a group of patients developing hypertrophic rhinitis
where the nasal submucosa is infiltrated with fibrous tissue
rendering it incapable of decongestion (10-12). However, it has
been hypothesised that in chronic perennial rhinitis with nasal
obstruction the venous sinusoids become atonic losing the
ability to vasoconstrict with either endogenous or exogenous
adrenergic stimulation (9). As a result submucosal diathermy
would be effective even though preoperative assessment of
nasal vasoconstriction would not necessarily be predictive.
Further, some surgeons specifically utilise submucosal

diathermy when the mucosal swelling is refractory to adrener-
gic agonists. 
Whereas Sherman found that patients with nasal allergy were
more often dissatisfied after nasal surgery for obstruction than
were patients with non allergic rhinitis (34), Jones found there
was no tendency for patients with allergic rhinitis to suffer a
poor result from submucosal diathermy surgery either objec-
tively or subjectively (33). 
However, although submucosal diathermy provides good relief
from nasal obstruction in the short term, Jones and Lancer
showed that in patients who do not have concurrent medical
treatment in most the inferior turbinates rehypertrophy within
15 months and subjective obstruction returns (31). Similarly, a
study by Warwick-Brown and Marks of over 300 patients treat-
ed with submucosal diathermy or linear cautery demonstrated
subjective improvement in 82% of patients at one month, but
falling to 54% at one year (35).

Radical Turbinectomy
If submucosal diathermy confers only short-term efficacy, per-
haps complete removal of the inferior turbinate at the outset
should be considered. Radical turbinectomy halves the nasal
resistance to airflow initially (36). At 2 years only 20% of patients
complain of recurrent obstruction (37). Ophir reported only 20%
of his patients undergoing radical turbinectomy failed to notice
an improvement in their nasal breathing, which corresponds
with Wight et al.’s results (38). However the procedure is attend-
ed by a significant risk of severe reactionary haemorrhage in up
to 10 per cent of patients (39), and is associated with more post-
operative pain than other techniques (8). Traditionally, concern
has been raised that total removal of hypertrophied turbinates
may result in rhinitis sicca and /or ozaena (40). These processes
have been attributed to excessive drying from loss of turbinate
mucosa, destruction of cilia secondary to scarring, atrophy and
endstage infection (41). The term ozaena has been applied to a
foul smelling nasal discharge, the aetiology of which has not
been established. Several organisms have been incriminated,
including Klebsiella ozenae, a form of Clostridium diphtheriae
and the Perez-Hofer bacillus, but these are more likely sec-
ondary invaders of necrotising tissue (42). The results of studies
on the postoperative risk of atrophic rhinitis and /or ozaena
vary. In 1983, Martinez reported on 29 patients followed up
from 2 to 60 months postoperatively by clinical examination
and by formal questionnaire (43). Twenty-five patients described
marked improvement of their nasal breathing, 3 had mild
improvement and 1 had no improvement. Only one patient 
1-year postoperatively described excessive dryness, 2 described
mild dryness, 3 described excessive secretions and none com-
plained of foul smell or pain postoperatively. All patients had
patent airways by clinical examination. Carrie et al. reported
on the long-term benefit of radical trimming in 14 patients at
least 7 years post operatively (44). They found that although
nasal obstruction may have recurred to some extent there was
still significantly lower nasal resistance than the pre-operative
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state. Thirty-five per cent complained of nasal crusting, partic-
ularly in the mornings, which they had not complained of pre-
operatively. Fifty per cent were noted to have crusting at the
back of the nose at the time prior to rhinomanometric evalua-
tion. However no patients had atrophic rhinitis or ozaena. 
Conversely, Moore and colleagues followed up for between 
2 and 7 years 18 patients who had undergone total inferior tur-
binectomy. Only 11% were symptom free, 66% had chronic
nasal crusting causing them to detect a nasal odour consistent
with a diagnosis of atrophic rhinitis, and 22% had chronic nasal
crusting and a nasal odour detectable by others but not by the
patient because of olfactory dysfunction consistent with ozaena
(45). Moore’s findings support the traditional point of view that
radical turbinectomy may result in rhinitis sicca and/or ozaena.
Some authors have recognised a symptom of nasal congestion
after turbinectomy in the absence of anatomic obstruction on
examination or CT. This has been termed the ‘empty nose
syndrome’, a term first used in the Mayo Clinic by Kern and
Stenquist in 1996. The ‘empty nose syndrome’ has been attrib-
uted to the patient’s inability to recognise the normal baseline
nasal sensation of breathing. The cause is unknown but a
number of causes have been postulated (46). It is already known
from electron microscopy studies that patients with atrophic
rhinitis have atrophy of the olfactory epithelial receptors lead-
ing to anosmia. It is possible they have atrophy of the nerve
fibres in the nasal lining subserving the sensation of nasal air-
flow. Alternatively, resecting the sensate turbinate deprives the
patient of sensation of airflow. Furthermore, the obliteration of
all nasal resistance may not result in attainment of satisfactory
nasal respiration. Nasal breathing is more satisfying than
mouth breathing. The nose provides half the resistance of the
entire respiratory tract. This resistance may need to balance
the pulmonary resistance during inspiration. An extreme lack
of nasal resistance may paradoxically be perceived as nasal
obstruction. In one study the effects of excess removal of
turbinate tissue (namely the empty nose syndrome, crusting,
bleeding, recurrent infections, nasal odour, pain and /or clini-
cal depression) occurred at a mean time of longer than 8 years
following turbinate surgery (32). 
For the above reasons total inferior turbinate resection has
been falling out of favour. Most otorhinolaryngologists now
believe that turbinate resection should be performed as conser-
vatively as possible, but are willing to do what is necessary to
achieve the desired result (32).

Partial Turbinectomy
Anterior turbinectomy removes less tissue, offers the attraction
of reducing airway resistance in the critical region of the nasal
valve and avoids the large branches of the sphenopalatine
artery, which enter the turbinate posteriorly. However, Wight,
Jones and Clegg showed anterior trimming of the inferior
turbinate, whilst being an objective success in decreasing nasal
resistance, frequently failed to produce a significant fall in sub-
jective obstruction in the first 2 months (47). Even in patients

who had relief of symptoms, the turbinate soon rehypertro-
phied (37). This contrasts with a study by Fanous, who reported
a good to excellent improvement after anterior turbinectomy
in patients followed up for 6 months to 4 years (48). 
Turbinoplasty is a form of partial turbinate resection. In 1982
Mabry described his method of turbinoplasty because of disap-
pointment with submucosal diathermy (49). The inferior
turbinate is infractured, a 15 inch blade is used to make an
incision down to conchal bone and the soft tissue is elevated
off the medial surface. The conchal bone and a wedge of stro-
ma attached to the lateral and inferior aspect is resected with
scissors. The remaining medial flap is rolled up on itself from
medial to lateral to form a neoturbinate with two apposing
inverted raw surfaces and an external mucosal surface. In his
series all patients additionally had septoplasty. At 1-year fol-
low-up, all had a marked improvement with no nasal crusting,
dryness or bleeding. Even 5 or more years after the inferior
turbinoplasty, Mabry found no evidence of atrophic rhinitis (50).
He found the major difference between total turbinectomy and
inferior turbinoplasty was the flap of tissue left behind in the
latter procedure to form a neoturbinate. As his histological
analysis showed insignificant mucus secreting glands in the
flap, he postulated the functional difference in the two proce-
dures is explained by the presence of the inferior neoturbinate
acting as a baffle to preserve a more normal airflow (50). He
indicated failure to deal with the original cause of turbinate
hypertrophy could and probably would result in recurrent
turbinate hypertrophy, reinforcing the need for appropriate and
continuing medical management of all patients with such nasal
problems. 
Degloving is a partial turbinectomy technique requiring gener-
al anaesthesia and packing (8). It offers the advantage of remov-
ing hypertrophied turbinate tissue along the whole length of
the inferior turbinate, whilst leaving turbinate bone intact.
Subjective improvement in nasal patency was maintained at 
2-year follow-up in 89.5% of patients. Rhinorrhoea was reduced
and sense of smell increased. There was no significant change
in mucociliary clearance as judged by saccharin clearance and
no haemorrhagic complications in the group studied. 
Garth and colleagues showed that whereas in partial inferior
turbinate resection synechiae occur in up to 10% of patients,
the risk of bleeding is decreased from 5.8% to 0.9% when com-
pared to total turbinectomy (51). 
However, trimming remains a controversial procedure particu-
larly in relation to the possible effects of the operation on nasal
physiology. 

Outfracturing
What conservative methods are available? Crushing and lateral
outfracture is the simplest surgical method of treating enlarged
inferior turbinates. This is performed by medially infracturing
the turbinate, crushing it with a flat bladed instrument, then
forcing it laterally and holding it in position temporarily with
nasal packing. Goode indicates that not only does the turbinate
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tend to eventually return to its original position, but the proce-
dure also fails to deal with the primary cause of its enlarge-
ment (52). 

Cryotherapy
Cryotherapy of the inferior turbinates was first introduced by
Ozenberger in 1970 (53). It is usually performed under local
anaesthesia and apart from a transient headache, is not usually
associated with significant post-operative adverse sequelae. In
our series we used topical cocaine but now use a topical ligno-
caine and adrenaline spray for local anaesthesia, after which
the cryoprobe can be applied to each inferior turbinate at
between 2 - 4 points, each application lasting 90 –120 seconds
(54). Cryotherapy exerts its effects by the intracellular formation
of ice crystals and subsequent cell membrane destruction. The
critical temperature is –12 degrees Celsius. Thrombosis of
small vessels and subsequent ischaemia increase the tissue
destruction and the effectiveness of cryotherapy. Effectiveness
is increased by longer treatment duration, larger areas of thera-
py and repeated treatment sessions. There is a reduction of the
post operative ability of the nasal mucosa to decongest as com-
pared with submucosal diathermy implying the procedure is
more effective than submucosal diathermy in obliterating
venous erectile tissue. In our group of patients, 54% obtained
relief of their symptoms at between 9 and 33 months (median
22 months) follow up (54). Many authors have drawn attention
to the importance of adequate patient selection in order to
maximise the effectiveness of cryotherapy (55,56). Cryotherapy
will not alleviate nasal obstruction secondary to turbinate bone
hypertrophy or major septal deviation. While we found greater
success in patients with allergy than without and slightly worse
when a minor septal deviation was present, these differences
were not significant. Thus, unlike some authors (56,57), we con-
tinue to offer cryotherapy as one of our methods of turbinate
reduction when there is an allergic component to the symp-
toms or a minor septal deviation. In many cases cryotherapy
avoids more radical turbinate surgery, indeed cryotherapy can
be repeated without ill effect.

Laser reduction
Recent advances in turbinate surgery have allowed other day
case procedures, often under local anaesthesia, with minimal
morbidity and no nasal packing.
The beam of coherent light of a laser may be accurately deliv-
ered producing minimal damage beyond the area requiring
treatment. Carbon dioxide, diode, neodymium-yttrium alu-
minium garnet (Nd:YAG), potassium-titanyl-phosphate (KTP),
argon-ion, and holmium-yttrium aluminium garnet (Ho:YAG)
laser have been used to treat hypertrophied inferior turbinates
(58). Apart from the carbon dioxide laser, all lasers can be deliv-
ered down a flexible quartz fibre in a contact or non-contact
mode. The carbon dioxide laser produces energy in the
infrared wavelength and is highly absorbed by water molecules
within the tissues, producing heat and surface ablation. Cook,

McCombe and colleagues found it to be superior to submucos-
al diathermy with less post-operative morbidity and mainte-
nance of subjective patency at 1-year follow-up (59). They used
an arthroscopic fitment, facilitating laser treatment from the
posterior end of the turbinate along the turbinate axis. In
Elwany and Harrison’s study, using the laser sighted through a
microscope the only complication encountered with laser treat-
ment was synechiae formation. For that reason they advised
avoiding vaporisation of the medial surface of the inferior
turbinate beyond its anterior third (60). We studied a series of
children undergoing carbon dioxide laser vaporisation reduc-
tion of the inferior turbinates, again with the laser sighted
through an operating microscope. We found 90% of children
had a clear nose at 18-24 month post operatively (61). Although
Sapci and colleagues (28) found the carbon dioxide laser dis-
turbed mucociliary function, we found postoperative mucocil-
iary clearance, as assessed by saccharin clearance, to be normal
(61). In our 10% of patients who had recurrent nasal obstruction,
the turbinates were trimmed and histologically examined to
show healthy ciliated reepithelialisation of the mucosal surface
(61). KTP laser light and argon laser light are absorbed by
endogenous chromophores such as haemoglobin and melanin.
Coagulation depth is up to 2 mm. Orabi and colleagues (62)

reported on 39 patients with either allergic or non-allergic
rhinitis who had KTP laser treatment to their inferior
turbinates under local anaesthesia. In all there was an initial
improvement in blockage, hyposmia, rhinorrhoea and sneez-
ing. At 6 months only 28% required medication to aid symp-
tom control. Wang and colleagues, again using a KTP laser,
detail 87% of patients reporting improvement in nasal obstruc-
tion with a mean follow-up of just over two years (63). Ferri and
colleagues followed up 157 patients treated with Argon plasma
surgery for turbinate hypertrophy. After 24 months 87% of
patients reported improved nasal airflow as compared to preop-
eratively (64). To reduce mucosal damage Supiyaphun and col-
leagues used an 18-gauge needle to introduce an optical fibre
into the inferior turbinate. Retrograde photocoagulation was
performed while the fibre was slowly withdrawn from the
nose. Sneezing, rhinorrhoea, itching and obstruction were
reduced post operatively as assessed by the patient and clini-
cian (65). A review of the literature concludes laser treatment of
the hyperplastic inferior turbinate can be considered a useful,
cost effective, time saving procedure which can frequently be
performed in out patients under local anaesthesia, with short
operation time, good results and minor side effects. However,
the review indicated that whereas, in published studies this
procedure achieves comparable or better results than more
conventional techniques, it appears to be less effective in the
long-term (58).

Radiofrequency reduction
Described by Li and colleagues in 1998 (66), radiofrequency
reduction of the inferior turbinates has emerged as a new and
possibly cost effective day case, local anaesthetic treatment.
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Through targeted and controlled dosing it creates a submucos-
al lesion that allows for the presence of mucociliary function
whilst achieving tissue volume reduction of the submucosa.
The submucosal lesion results from friction between ions,
which rapidly change direction because of an alternating cur-
rent produced by the electrode. Heat is generated in the sur-
rounding tissue rather than at the tip of the electrode. A tem-
perature of less than 85 degrees centigrade is generated as
opposed to the 800 degree temperature brought about by elec-
trocautery or laser. The lesion is therefore controlled and the
overlying mucosa, its mucociliary clearance and the underlying
turbinate bone are preserved. Post-operative wound contrac-
ture and fibrosis induces tissue volume reduction. The probe,
which usually has a distal active portion and a proximal insu-
lated portion, is inserted into the turbinate. Many studies
report subjective improvement in nasal obstruction by the
patient and clinician after radiofrequency turbinate reduction.
A randomised, blind, placebo controlled trial showed radiofre-
quency treatment to be significantly better than placebo at 6
months (67). Harsten (68) reported on 158 patients treated with
radiofrequency (Surgitron IEC, Ellman International, Inc.,
New York, NY, USA) set at bipolar coagulation mode, fol-
lowed up by questionnaire between 3–30 months post-opera-
tively. The study reports a large beneficial effect with complete
relief or definite subjective improvement in nasal obstruction
in 85% of patients. This was irrespective of a short-term or a
long-term follow-up and was applicable to patients who addi-
tionally had septal deviations.
Kizilkaya and colleagues (69) found a significant improvement
in visual analogue scale scores and acoustic rhinomanometry
12 weeks and 6 months following radiofrequency treatment to
hypertrophic inferior turbinates. Cavaliere, Mottola and
Iemma (70) evaluated the efficacy and morbidity of monopolar
Somnoplasty (Somnus Medical Technologies, Inc, Sunnyvale,
CA, USA) and bipolar “Coblator II ENT” (Arthrocare Corp,
Sunnyvale, CA, USA). They found both methods of radiofre-
quency volumetric reduction brought about a long-term
improvement in symptoms and maintanace of nasal function
lat 20 months post surgery. Porter and colleagues reported sus-
tained benefit of radiofrequency treatment of hypertrophied
inferior turbinates at 2 years postoperatively (71). Barbieri and
colleagues reported the technique was valid, effective and safe
in 1689 non-allergic patients treated with radiofrequency (72). In
Rhee and colleagues’ study, not only was there a significant
reduction in nasal resistance via rhinomanometry, but even as
early as 1 week postoperatively, no changes in saccharin transit
time or ciliary beat frequency were seen, implying that
radiofrequency techniques did not disturb mucociliary func-
tion (73). In patients with persisting nasal obstruction, a second
surgical attempt with radiofrequency turbinectomy can be suc-
cessful, in contrast to previous reports on turbinectomy per-
formed by laser (68). 

Powered turbinate reduction
With the advent of powered instruments, turbinoplasty has
enjoyed renewed interest. Joniau and colleagues describe an
extraturbinal turbinoplasty (5). The use of an endoscope pro-
vides unequalled visualisation of the surgical field and the abil-
ity to remove tissue precisely. Under general anaesthesia the
anterior end and inferior posterior border is infiltrated with 2%
lignocaine and 1 in 80,000 adrenaline. If necessary, the
turbinate is fractured medially, allowing space for both a zero
degree endoscope and powered microdebrider to access the
lateral surface of the inferior turbinate. A microdebrider with a
straight blade is used in an oscillate mode to remove the soft
tissue from the lateral aspect of the vertical portion of the infe-
rior turbinate. The majority of the turbinate bone is then
removed from this bony lamella. Residual bone fragments are
dissected free with a malleable probe and paediatric backbiter.
After all the lateral mucosa and bone has been removed, the
remaining mucosa is rolled on itself using a Freer’s elevator.
A rectangular sheet of Surgicel (oxidised cellulose; Ethicon,
Inc., Somerville, NJ, USA) may be used to cover the turbinate
and prevent unrolling. No postoperative packing is necessary.
With this technique they showed long term subjective and
objective relief of nasal obstruction at 5-year follow-up. Wu
and colleagues showed 70 patients had significant improve-
ment in nasal obstruction evaluated by visual analogue scale
and acoustic rhinomanometry at 12 months post operatively,
though allergic patients had less favourable results (74).
With the advent of a newly designed small 2 mm microdebrid-
er blade incorporated with an elevator, intraturbinal powered
submucosal turbinate reduction is now available. Under local
anaesthesia, the turbinate can be injected with lignocaine and
adrenaline. A vertical incision is made with a number 11-inch
blade in the anterior aspect of the inferior turbinate and a sub-
mucosal pocket is created with a sharp dissector on the medial
surface of the bony turbinate. A straight 2 mm microdebrider
with an elevator is inserted with further elevation with the dis-
sector. Debridement of the submucosal tissue from the inferi-
or turbinate is performed with the blade positioned laterally in
the submucosal plane at speeds of up to 3000 rpm. More
aggressive resection can be performed by positioning the blade
facing medially. No postoperative packing is necessary. Yanez
(75) noted an initial 1-month period of postoperative congestion
in most patients. Huang found a significant decrease in nasal
resistance and increase in quality of life at 1-year post opera-
tively (2). Rhinorrhoea, sneezing and post-nasal discharge
improved significantly postoperatively in allergic patients
which he felt was as a result of removal of the large amount of
inflammatory cells in the medial submucosal tissue. In addi-
tion, submucosal turbinectomy severs branches of the post-
nasal nerve arising from the sphenopalatine foramen, which
have a role in causing sneezing and hypersecretion (76). 
A 10-year follow-up by Yanez and Mora reported on 350 non-
allergic patients treated by this submucous stroma debriding
technique (77). The study showed 91.3% of patients were com-
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pletely symptom free, 5.2% had partial relief and only 3.25%
had recurrence of nasal obstruction. Endoscopy, anterior rhi-
nomanometry, and mucociliary transit time revealed long term
improvements. Few complications were observed. 
Functional inferior turbinosurgery (FITS) is powered
intraturbinal submucous resection plus division of the posteri-
or nasal nerve at the sphenopalatine foramen with placement
of bony fragments at the foramen to prevent reinnervation (78).
Division of the post nasal nerve interrupts the parasympathetic
and sympathetic fibres similar to vidian neurectomy and inter-
rupts the somatic afferent fibres from the nasal mucosa, which
can be expected to reduce the hypersensitivity and axon reflex-
es of the nasal mucosa, inhibiting neurogenic inflammation (79).
Ikeda and colleagues studied 56 patients who had either aller-
gic or non-allergic rhinitis undergoing FITS (78). They found
96% of patients had improvement in symptoms of nasal
obstruction, sneezing, rhinorrhoea and quality of life at 1-year
follow-up. All patients who underwent rhinomanometry
showed postoperative improvement. Nasal provocation testing
resulted in an apparently significant suppression of the antigen-
induced allergic symptoms in all patients tested, indicating that
allergic responses are inhibited by this operative procedure. 

Comparison studies
Most studies analysing the various methods of inferior
turbinate reduction are prospective in nature with short-term
follow up periods. Few studies use a control and even fewer
are randomised comparison studies. 
Wengraf, Gleeson and Siodlak found submucosal diathermy to
be as effective as cryotherapy (80). Elwany and Harrison (60) ran-
domised 80 patients with chronic non-allergic rhinitis and
hypertrophied inferior turbinates to four surgical treatments
with a follow-up to one year. Partial inferior turbinectomy and
laser turbinectomy improved nasal breathing in 77% of
patients. The results of turbinoplasty and cryoturbinectomy
were less favourable. The post-operative improvement in smell
acuity correlated positively with the increased patency of the
nasal airway. A comparison study by Rakover and Rosen (81),
with a follow-up of 2 to 5 years showed partial inferior tur-
binectomy maintained an improvement in nasal breathing in
77% of patients, whereas the effectiveness of cryosurgery fell
from 62% at one year to 35% later. 
Passali and colleagues (27) conducted a large randomised clini-
cal trial comparing total turbinectomy, carbon dioxide laser
reduction, electrocautery, cryotherapy, submucosal resection
and submucosal resection with lateral displacement.
Submucosal resection with lateral displacement provided the
best long-term results. Sapci and others (28) found the efficacy
of radiofrequency, carbon dioxide laser ablation and partial
turbinectomy in relieving nasal obstruction to be the same at
12 weeks, though mucociliary transport time was significantly
prolonged after laser treatment, and is one of the few studies
to have had a control arm. In Joniau and colleagues study (5)

powered extraturbinal submucosal resection was superior to

submucosal diathermy at 5-year follow-up. A significant differ-
ence was noted for postoperative crusting, endoscopic scoring
of turbinate size, and acoustic rhinometry measurements of
nasal cavity volume and mean area at the level of the nasal
valve. In addition, the results of powered turbinoplasty were
still apparent on long-term follow-up, whereas submucosal
diathermy was associated with a recurrence of turbinate hyper-
trophy. In Lee and Lee’s study (13) powered extraturbinal
turbinoplasty provided 80% of patients with symptomatic relief
at 12 months, whereas radiofrequency coblation turbinate
reduction gave a significantly lower relief of symptoms in 60%
of patients at 12 months. Powered extra turbinal turbinoplasty
resulted in a significantly larger cross-sectional area at the level
of the head of the inferior turbinate and overall volume of the
nasal cavity at 12 months postoperatively as compared to
radiofrequency coblation reduction. In their opinion, when the
anterior head and the inferior turbinate itself is severely hyper-
trophied, radiofrequency coblation was limited in its ability to
reduce volume sufficiently. In contrast, the microdebrider
effectively and precisely reduced the external surface of the
hypertrophied inferomedial mucosa and the anterior head of
the inferior turbinate. In their opinion, these were the reasons
that cross-sectional area of the second notch and volume of
nasal cavity, and the satisfaction of the patients in the microde-
brider group were greater at 12 months postoperatively. In
Kizilkaya and colleagues’ study (69) no difference was found
between intraturbinal microdebrider and radiofrequency tissue
volume reduction in inferior turbinate hypertrophy on assess-
ing subjective patency, acoustic rhinomanometry, saccharin
transport time, and ciliary beat frequency at 12 weeks and 
6 months postoperatively. 

TURBINATE ENLARGEMENT CONTRALATERAL TO
SEPTAL DEVIATION
In most patients with a deviated septum, surgical correction
enlarges the narrowed airway on the convex side of the devia-
tion. However, this narrows the contralateral nasal passage. As
there is pre-existing compensatory enlargement of the inferior
turbinate on that contralateral side, some patients complain of
nasal obstruction in the previously clear nostril. This is fre-
quently predicted preoperatively and the enlarged inferior
turbinate is surgically reduced at the time of septoplasty. Nasal
resistance studies (82) with simulated septal deviation show that
anterior obstruction increases the resistance to airflow more
than posterior obstruction, and that total inferior turbinoplasty
or total turbinectomy should not be necessary in connection
with septoplasty. However, the evidence for any form of
surgery to reduce the compensatorily enlarged turbinate along-
side septoplasty is not well established. In a non-randomised
trial of inferior turbinoplasty and septoplasty versus septoplasty
alone Hilberg et al. (83) found that two-thirds of patients who
underwent contralateral turbinoplasty plus septoplasty reported
satisfaction with the patency of the nasal cavity that had had-
turbinate hypertrophy whereas none who underwent septo-
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plasty alone reported satisfaction with the patency of this nasal
cavity. Whereas Illum (84) reported that 5 years after surgery the
effect of turbinate reduction was less apparent with satisfaction
of patients who underwent septoplasty and turbinate reduction
being similar to that of patients who underwent septoplasty
alone. Inferior turbinate surgery alongside septoplasty is asso-
ciated with increased morbidity primarily from haemorrhage
and synechiae. The incidence of post-operative haemorrhage
increases from < 2% to 6%, and synechiae from 5% to 17%
when turbinectomy is performed in addition to septoplasty (85).
Nunez and Bradley (86) perfomed a prospective randomised
study in 29 patients of septoplaty alone versus septoplasty and
contralateral turbinectomy to establish whether this potential
trebling in morbidity was justified. At 8 weeks postoperatively
there was no difference in objective and subjective measures of
nasal obstruction between the two groups. They concluded
that surgical reduction of contralateral compensatory turbinate
hypertrophy in patients with unilateral septal deviations is not
associated with any additional benefit. This may be explained
by the work of Kim et al. (87) who studied the effects of septo-
plasty alone on the thicknesses and cross-sectional areas of
mucosa and conchal bone with computed tomography before
the operations and at least one year after surgery. They found
that the thickening of the mucosa of the inferior turbinate on
the concave aspect and the thinning on the convex aspect,
especially in the medial mucosa, reverses after septoplasty.
However, they did not identify how long this effect took to
occur. No change in the thickness or dimensions of the con-
chal bone was noted on either side of the deviated septum in
their study, but indicate further follow up was required to see
if there are bony changes in the longer term. Stewart et al. (88)

found similar results to Nunez’s study. In Stewart’s study, 59
subjects were treated with septoplasty with or without
turbinate reduction in a prospective, non-randomised multi-
institutional setting. Both the septoplasty with turbinate reduc-
tion group and the septoplasty alone group demonstrated clini-
cally significant improvements from their respective baseline
scores in a disease specific outcome instrument for nasal
obstruction at 6 months. There was no significant difference
between the two groups at 3 months and 6 months. 

CONCLUSION
In conclusion, chronic nasal airway obstruction is commonly
due to inferior turbinate hypertrophy. When medical manage-
ment fails surgery may be effective treatment. However, the
current indications for surgical treatment have been deemed
empirical necessitating further research. The aims of surgery
are to reduce the size of the turbinate to increase airflow, avoid
complications and preserve nasal physiology. However, the
mechanisms of perceiving unimpeded airflow are poorly
understood. The inferior turbinate warms, humidifies and
directs inspired air, exhibits reflexes and takes part in the nasal
cycle. Surgery may adversely affect nasal function.
The large number of surgical techniques in use to reduce

turbinate size indicates there is no single technique, which is
effective in all patients. There is no‘gold standard’ nor is there
any technique entirely free of side effects. Few areas of surgery
are as controversial as the choice of technique to reduce the
enlarged inferior turbinate. Generally, techniques which
remove most turbinate tissue have the greatest and longest
lasting effect, but are also accompanied by a higher likelihood
of morbidity. Techniques include total or partial resection,
diathermy, cryotherapy, laser therapy and radiofrequency abla-
tion. Adverse side effects described include bleeding, synechi-
ae, dryness, crusting, osteitis, foetor, atrophic rhinitis, the phe-
nomenon known as ‘empty nose syndrome’ or inadequate vol-
ume reduction. Endoscopes are facilitating more precise
surgery, and recent advances permit out patient procedures to
be performed with minimal morbidity without nasal packing.
The cause and degree of turbinate enlargement need to be
assessed before choosing a particular technique. The underly-
ing cause may necessitate postoperative medical management
to prevent recurrent enlargement, and is preferable to radical
surgery at the outset. Inappropriate selection of surgery or sur-
gical modality as a therapeutic option appear to be major caus-
es of patient dissatisfaction. The selection and recommenda-
tion of a particular surgical technique of inferior turbinate
reduction, with its advantages and drawbacks, will be deter-
mined by the patient’s clinical findings, the surgeon’s exper -
ience and judgement and informed patient choice. 
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