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SUMMARY

At least 13 surgical techniques have been used over the past 130 years to treat hypertrophy of
the inferior turbinate. These methods are reviewed and critically analyzed in this article. Our
review of the literature revealed a serious lack of qualified studies. Research meeting the crite-
ria for a prospective comparative randomized surgical study is extremely rare. In our opinion,
the purpose of surgically reducing the inferior turbinates should be to diminish complaints
while preserving function. From that perspective, it seems that electrocautery, chemocautery,
(subtotal) turbinectomy, cryosurgery, and laser surface surgery should not be used, as these
techniques are too destructive. Intraturbinal turbinate reduction (intraturbinal turbinoplasty)
would seem to be the method of choice.
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INTRODUCTION

One of the major causes of chronic nasal airway obstruction is
pathology of the inferior turbinate. However, there is no agree-
ment on how to deal with this problem. Pharmacological thera-
py is generally the treatment of choice. In many cases intranasal
topical steroids, antihistamines and decongestants often yield
good results. Patients who do not respond will usually be
treated by surgical reduction of the turbinate. Since the last
quarter of the 19th century, at least 13 different techniques have
been introduced. Some of them have already been abandoned,
whereas others are still in use or have been reintroduced. There
is considerable controversy over the merits of the various tech-
niques, however (Jackson and Koch, 1999).

Some authors consider turbinectomy as an appropriate method,
while others condemn it as too aggressive and irreversibly
destructive. Another controversial technique is laser treatment.
Although numerous authors have recently advocated this
modality, many rhinologists disapprove of it, as laser destroys
the mucosa and permanently impairs its functioning. In the
light of these and other controversies this article reviews and
evaluates the literature on the surgical treatment of hyper-
trophied turbinates.

THE FUNCTION OF THE TURBINATES

In order to critically evaluate the various methods of turbinate
reduction, we must above all consider the function of the turbi-
nates. We will then have to define the criteria that a given
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surgical method must meet in order to be considered accep-
table.

The turbinates, particularly the inferior ones, serve several
important functions. First of all, they contribute to inspiratory
resistance, which is necessary for normal breathing. The greater
the nasal resistance, the greater the negative intrathoracic pres-
sure needed for inspiration. Greater negative pressure, in turn,
enhances pulmonary ventilation and venous backflow to the
lungs and the heart (Butler, 1960; Haight and Cole, 1983). This
is what we would like to call the 'resistor function' of the turbi-
nates. Secondly, as part of the valve area, the inferior turbinate
helps change the inspiratory lamellar airstream into a turbulent
flow. Turbulence in the outer layers of air increases the interac-
tion between air and nasal mucosa. Humidification, warming
up, and cleansing of the air is thus enhanced. Thanks to their
large mucosal surface and extensive blood supply, the inferior
turbinates play a major role in this process. This role may be cal-
led the 'diffusor function' of the inferior turbinates. Finally, they
are essential to the nasal defence system (mucociliary transport,
humoral and cellular defence). All of these functions require a
large amount of normally functioning mucosa, submucosa, and
turbinate parenchyma.

CRITERIA FOR EVALUATING METHODS OF REDUCING
TURBINATE VOLUME

All methods should be judged by two basic criteria: 1. the effi-
cacy of the technique in alleviating breathing obstruction,
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Figure 1. Technique of surface electrocoagulation (from Laurens' text-
book, 1924).
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Figure 2. Bipolar intraturbinal coagulation (from Hurd, 1931).

Figure 3. Melting chromic acid to a pearl for chemocauterizing the
mucosal surface (from Seiffert's textbook, 1936).
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hypersecretion, sneezing and headaches; 2. the side effects
occurring in the short and the long term. In other words: to
what extent the functional tasks of the nose have been respec-
ted and kept intact. It would be a mistake to only focus exclu-
sively on the degree of widening the nasal passages in terms of
endoscopic findings, thinomanometry, and acoustic rhinomet-
ry. A wider nasal cavity does not necessarily mean the nose
functions better. The goal of surgical treatment should be to
"diminish complaints while preserving function" and "optimal
volume reduction with preservation of function" (Huizing,
1998). With that concept in mind, this review assesses the
various methods of inferior turbinate reduction which have
been used in the past or are in use today. They are briefly de-
scribed and critically evaluated in chronological order. A gener-
al overview of the findings is presented in Table 1.

1. THERMAL COAGULATION-ELECTROCAUTERY

The first method to treat hypertrophied inferior turbinates was
electrocautery. Its use was suggested as early as 1845 by Heider
from Vienna and Crusel from St Petersburg.

After the thesis by Middeldorpff (1854) and the reports by von
Bruns and Voltolini (1871) this method gradually gained in pop-
ularity. Eventually, it came into widespread use after the intro-
ducion of cocaine as a topical anaesthetic (Koller, 1884) and
adrenaline (epinephrine) as a vasoconstrictor (1897). In the
1880's electrocautery of the nasal mucosa was used not only to
treat nasal diseases but also for other ailments like dysmenor-
rhea, abortion, gastric pain, etc. 'Nasal reflex neurosis' (Fliess,
1893) was a common superstition in that day. Electrocautery
was increasingly criticized for its casual application and because
it led to serious complications such as synechias and stenosis. In
1890, at the World Congress in Berlin, the method was the tar-
get of some ridicule: Und dann wird die Nase ausgebrannt,
denn das hilft immer wie bekannt! (And then the nose is bur-
ned out, because this always helps as we know!).

Surface electrocautery. The first method was surface electrocau-
tery using a galvanic current (Voltolini, 1871). The standard
technique consisted of coagulating from posterior to anterior
two parallel furrows into the medial wall of the turbinate. The
heat coagulates the tissues, causing necrosis, which is followed
by fibrosis and shrinkage of the turbinate (Figure 1). While
bleeding was rare, temporary complaints of crust formation
were developed. Over the years, various types of galvanocaustic
instruments have been developed. Later, high-frequency sur-
face diathermy was introduced (e.g. Bourgeois and Poyet, 1922;
Castex, 1929; Sinskey, 1932; Jaros, 1933). This technique was
applied to destroy the tissues over a wide area or to achieve line-
ar coagulation.

Surface electrocautery is obviously a destructive procedure. It
causes mucosal atrophy, metaplasia, loss of cilia, and impair-
ment of mucociliary transport. Permanent crusting and syne-
chia between the septum and turbinate may occur. Although it
is known to have these undesirable effects it is still one of the
most practised methods.
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Table 1. Different modalities of treatment for inferior turbinate hypertrophy.
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Method Year(s) of introduction Still in use Abandoned
Thermal coagulation, Electrocautery 1845-1880 +

Chemocoagulation, Chemotherapy 1869-1890 +

Turbinectomy 1882 +

Lateralization, Lateropexia 1904 +

Submucous resection of the turbinate bone 1906-1911 +

Crushing + trimming, partial resection 1930-1953 +

Injection of corticosteroids 1952 +
Injection of sclerosing agents 1953 +
Vidian neurectomy 1961 +
Cryosurgery 1970 +
Turbinoplasty 1982 +

Laser surgery 1977 +

Powered instruments 1994 +

Coblation ('controlled ablation') was a quite recently introduced
method of high frequency bipolar diathermy. As the effect is
achieved at low temperatures, damage to the neighbouring tis-
sue is said to be minimal (Smith et al., 1999).

Intraturbinal coagulation. Because surface electrocautery does
produce considerable damage to the mucosa, intraturbinal ther-
mocoagulation was introduced. Neres (1907) buried a gold
needle in the turbinate and then ran a galvanic current through
it for several seconds. Horn (1908) described a similar submu-
cosal technique. Later, high-frequency diathermy was introdu-
ced. Beck (1930) was apparently the first to describe the use of a
unipolar electrode to make a submucous linear burn. Hurd
(1931) for the first time reported on bipolar intraturbinal dia-
thermy. Through an anterior puncture, the two parallel wires
were buried in the length of the turbinate (Figure 2). Then 2-4
mm-deep parallel horizontal grooves were burned into the
turbinate tissue in a postero-anterior direction. After World
War II, Richardson (1948) and Shahinian (1953) again reported
on submucous diathermy. Like Hurd, they both used a bipolar
electrode to ensure an accurate prediction of the current.
Simpson and Grooves (1958) advocated using a unipolar elec-
trode, as a single wire would be easier to position. The effect of
submucous diathermy is achieved by coagulation of the venous
sinusoids within the turbinate, leading to submucosal fibrosis
(Woodhead et al., 1989). The method has several drawbacks.
First of all, the amount of deep tissue reduction is difficult to
dosage (Wengraf et al., 1986). Secondly, its effect is often lim-
ited or temporary, so that the procedure has to be repeated
(Jones and Lancer, 1987; Meredith, 1988). The most common
complications are delayed haemorrhage, prolonged nasal dis-
charge and crusting (Meredith, 1988; Williams et al., 1991). In
spite of these disadvantages, submucous diathermy is still is the
treatment of choice for many ENT doctors, simply because it is
easy to perform and causes relatively few complications.

2. CHEMOCOAGULATION- CHEMOCAUTERY

The use of chemical coagulation of the turbinate surface to
reduce its size also came into use during the last decades of the
19th century. In the beginning, a saturated solution of trichloric

acid (TCA) was applied to the mucosa (e.g. von Stein, 1889);
later, chromic acid melted to form a pearl was also used (Figure
3). Already in 1903, controversy arose about the merits of che-
mocoagulation. In many clinics, the results were considered
favourable, but microscopic studies revealed considerable
necrosis of the mucosa (Meyer, 1903). This author recommen-
ded applying TCA intensively, hypothesising that the epitheli-
um will then recover better as new epithelium will overgrow the
necrotic tissue.

This method has become less and less popular. Because of its
limited effect on turbinate volume, the procedure had to be
repeated several times. Secondly, it led to serious mucosal
damage, with the characteristic symptoms of atrophic rhinitis.
From the viewpoint of 'optimal volume reduction with preser-
vation of function', this technique must be strongly condem-
ned. It seems to be the worst imaginable method: while redu-
cing the turbinate only slightly, it causes massive destruction of
the functional structures of the mucosa, cilia, and glands.
Remarkably, the application of chemocaustics has recently been
advocated again as a safe and effective means to reduce hyper-
secretion in patients with nasal hyperreactivity and allergy (Yao
et al., 1988, 1995).

3. TURBINECTOMY

Resection and surgical reduction of the turbinates dates from
the last decades of the 19th century. Jarvis (1882) to our know-
ledge, was the first to describe resection of parts of the inferior
turbinate using a cold wire snare. Then, in the 1890s, Hartmann
describes his experiences with inferior turbinate surgery (cited
by Mabry, 1988). Later, Jones (1895) and Holmes (1900) advo-
cated total turbinectomy. This method of irreversible resection
was soon criticized. Spielberg (1924), for instance, warned of the
overzealous rhinologist who does not feel content until he has
excised, resected or cauterized every intranasal structure that
can be found in the nose. The disadvantages of turbinectomy
were evident. Some patients suffered from atrophic rhinitis or
what became known as secondary ozaena with symptoms of
nasal dryness, crusting, bleeding, pain, and headache. (e.g. Dut-
row, 1935; Harris, 1936; House, 1951; Tremble, 1960). Turbi-
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Table 2. Occurrence of dryness and crusting after (sub)total resection of
the inferior turbinates according to recent studies.

Author Dryness and crusting
Courtiss and Goldwyn '83, '90 No
Martinez et al.’83 No
Moore et al. '85 Yes
Ophir 85, '90 No
Odetoyinbo '87 No
Thompson 89 No
Wight *90 Yes
Salam and Wengraf '93 Yes
Carrie et al. ’96 Yes
Berenholz' 98 Yes

nectomy fell into discredit; many surgeons preferred more con-
servative techniques like lateralization and submucous resec-
tion. Nevertheless, total turbinectomy was again recommended
by several authors in the 1970s and 1980s (Fry, 1973; Courtiss et
al., 1978; Martinez et al., 1983; Pollock and Rohrich, 1984; Ophir
et al., 1985; Odetoyinbo, 1987; Thompson, 1989; Wight et al.,
1990). Several of these authors disputed claims that it led to a
post-turbinectomy or 'empty nose' syndrome as it has recently
been named (Stenquist and Kern, 1997). Arguing that these
undesired after-effects had never been documented Courtiss
and Goldwyn (1990) wrote, "Fears for dry nose syndromes are
unfounded". Others disagreed, reporting lasting signs and
symptoms of crusting, dryness, and pain in quite a few patients.
(Moore et al., 1985; Salam and Wengraf, 1993; Garth et al.,
1995; Neves-Pinto, 1995; Berenholz et al., 1998). An overview of
the conflicting reports is given in Table 2.

A recurrent feeling of nasal obstruction has also been reported
(Otsuka et al., 1988; Wight et al., 1990; Carrie et al., 1996). Apart
from the late sequelae, some early complications have to be
taken into account as well, in particular severe haemorrhage
(Fry, 1973; Dawes, 1987).

In our opinion, there is no justification for performing a total or
subtotal turbinectomy in patients with a hypertrophic inferior
turbinate. Turbinectomy is not compatible with the goal of 'pre-
servation of function'. Turbinectomy is irreversible and de-
prives the nose of one of its important organs. There is thus no
place for this technique in modern functional nasal surgery.
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There are more conservative surgical methods to achieve the
desired effect. This standpoint was recently confirmed in a
prospective comparative randomized study by Passali et al.
(1999). These authors compared the long-term results of six
different techniques with respect to the patient symptom sever-
ity score, thinomanometry, acoustic rhinometry, measurement
of mucociliary transport time, and determination of secretory
IgA before and after surgery. Turbinectomy ended up as the
most damaging technique (Table 3).

4. LATERALIZATION, LATEROPEXIA

In reaction to the adverse effects of turbinectomy, Killian intro-
duced lateralization (lateral displacement) of the inferior turbi-
nate in 1904. The turbinate was outfractured and pushed late-
rally by means of a flat elevator or a long-bladed speculum. It is
a simple procedure and entails no particular risks or complica-
tions (Salam and Wengraf, 1993). On the other hand, it does not
seem to be very effective either. Lateralization works best when
the inferior meatus is large enough to accommodate the dis-
placed turbinate. Otherwise, it tends to resume its original posi-
tion (Goode, 1978). Lateralization is an acceptable technique in
the sense that it preserves function. Since its effect is limited, it
may be used as a complementory procedure, e.g. in combina-
tion with septal surgery.

Lateropexia (or conchopexy) includes displacement of the out-
fractured turbinate into the maxillary sinus after removal of part
of the lateral nasal wall (Fateen, 1967; Legler, 1974, 1976).
Understandably, this method did not enjoy much popularity.

5. SUBMUCOUS RESECTION OF TURBINATE BONE

The complications of turbinectomy induced several surgeons to
look for more conservative surgical methods to reduce the size
of the inferior turbinate. Submucous resection of the turbinate
bone was the first surgical alternative to be introduced (Low,
1906; Linhart, 1908; Wiirdemann, 1908; Zarniko, 1910). Wiir-
demann declared himself to be "adverse in nearly every case to
a complete excision of the inferior turbinal bodies" and wanted
"to prevent disastrous results". A more delicate variant of this
new principle was described by Freer in 1911: "a relatively small
vertical incision is made to submucously uplift the covering of

Table 3. Main results of the prospective randomized study of six different modes of inferior turbinate reduction, as carried out by Passali et al., (1999).

Effect on
obstruction

Technique

Recurrent
obstruction

Effect on
function

Complications

Electrocautery

Cryosurgery

Laser surgery

Submucous turb. Reduction
Subm.turb.red.+lateralization
Turbinectomy

+ o+ o+ o+t
o+t

[
oo+ + + +




Techniques for inferior turbinate reduction

the turbinate with a sharp elevator, completing the denudation
with a sharp raspatory in this way allowing longitudinal resec-
tion of the lower turbinate" (Figure 4). Despite its convincing
this technique gained only limited popularity (Strandberg, 1924;
Odeneal, 1930; Harris, 1936). In 1951, Howard House revived
the method. Good results were later reported by Loibl and
Pfretzschner (1972) and Tolsdorff (1981), who combined the
method with lateral displacement. Mabry (1982, 1984) further
refined the technique and introduced the term 'turbinoplasty'.
Following his patients he found the turbinates to be normal in
size and function one year postoperatively. In the study by Pas-
sali et al. (1999), submucous bone resection combined with
lateral displacement was considered the best method in terms of
results and preservation of function.

> =T #‘g P

Figure 4. Intraturbinal resection of turbinate bone and parenchyma
through a vertical incision (a) at the turbinate head (from Freer, 1911).

6. INJECTION OF CORTICOSTEROIDS

In 1952, injection of a long-acting corticosteroid solution was
introduced as a new modality of reducing a hypertrophied turbi-
nate (Semenov, 1952). Several authors reported that injections
with corticosteroids are effective in reversible hyperreactive
nasal disease, regardless of aetiology (Semenov, 1952; Sim-
mons, 1960, 1964; Baker and Strauss, 1963). Corticosteroid
injections are minimally invasive, but the subjective relief of
nasal obstruction is brief. The technique is beneficial in redu-
cing turbinate edema only for a period of 3-6 weeks (Mabry,
1979, 1981). Later, a number of authors discouraged turbinate
injections, as they may produce acute homolateral blindness
(Baker, 1979; Byers, 1979; Evans et al., 1980; Mabry, 1982; Saun-
ders, 1982; Rettinger and Christ, 1989).

7. INJECTION OF SCLEROSING AGENTS

Injection of a sclerosing solution, such as sodium morrhuate or
sodium psylliate, into the turbinate parenchyma was introduced
by Shahinian in 1953. The technique did not become widely
used because of its unpredictable results and the risk of compli-
cations.
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8. VIDIAN NEURECTOMY

A completely different approach to the problem was introduced
in 1961 by Golding-Wood. He proposed cutting the parasym-
pathetic nerve fibres in the Vidian canal to decrease the para-
sympathetic tone to the nasal mucosa. In this way, he hoped to
diminish the complaints of hypersecretion and nasal obstruc-
tion. The technique was devised in an era when drug therapy for
hypersecretion was still very limited. Various approaches to the
Vidian canal were subsequently developed. In the beginning, a
transantral approach was used (Golding-Wood, 1973; Ogale et
al., 1988), followed later by the endonasal method with coagula-
tion of the ganglion (Portmann et al., 1982). Vidian neurectomy
was widely used, but its effect turned out to be limited (Krant et
al., 1979; Krajina, 1989). The hypersecretion was diminished but
not the blockage (Principato, 1979). For this reason, the tech-
nique was abandoned at the beginning of the 1980s.

9. CRYOSURGERY

In the 1970s, cryosurgery was introduced by Ozenberger (1970).
This method involves freezing turbinate is frozen under local
anaesthesia with a cryoprobe that uses nitrous oxide or liquid
nitrogen as a cooling agent. The necrosis produced by freezing
was found to be different from that produced by cautery. It was
assumed that new respiratory epithelium would replace the fro-
zen tissue. While the method came into widespread use, differ-
ent success rates were reported (Grahne and Holopainen, 1971;
Puhakka and Rantanen, 1977; Principato, 1979; Bumstead, 1984;
Chiossone et al., 1990; Hartley and Willatt, 1995). The overall
short-term results were satisfactory, but the benefit was usually
not sustained (Warwick-Brown and Marks, 1987; Haight and
Gardiner, 1989; Rakover and Rosen, 1996). According to Puhak-
ka and Rantanen (1977), the success rate may improve with
repeated application.

Apart from transient headache there are no postoperative
sequelae (Moore and Bicknell, 1980). After one month, there
was a marked reduction in glandular acini, scar tissue had
formed, and the cilia appeared normal (Principato, 1979; Keller-
hans and Schlageter, 1988). Yet, in some studies, the mucocil-
iary clearance rate did not return to normal (Wengraf et al.,
1986; Elwany and Harrison, 1990). According to some authors,
cryosurgery would be more effective in allergic rhinitis than in
non-allergic turbinate hypertrophy, as it is especially effective in
controlling rhinorrhea (Principato, 1979; Rakover and Rosen,
1996).

Cryosurgery was gradually abandoned as a technique for sever-
al reasons. The amount of volume reduction was hard to pre-
dict. Furthermore, compared to other methods, the long-term
results were disappointing, as was recently confirmed in the
study of Passali et al. (1999).

10. CRUSHING AND TRIMMING - PARTIAL RESECTION

The long-term complications of total turbinectomy convinced
many nasal surgeons that a partial resection of the inferior turbi-
nate would be a better option. Several techniques were advoca-
ted: crushing and trimming; horizontal or diagonal resection of
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Figure 5. Technique of anterior turbinoplasty according to Pirsig and Huizing
(from Huizing and De Groot's textbook, 2001).

the inferior margin; resection of the posterior part and resection
of the anterior part.

In 1930, Kressner introduced crushing with a specially devised
blunt forceps followed by trimming. This method has since
been used by several surgeons. The technique has also been
successfully applied in our department (Huizing, 1988).
Resection of the posterior part of the turbinate was carried out
by Proetz (1953), among others, as he assumed that in most
cases the posterior half of the inferior turbinate causes the
obstruction.

Resection of the anterior part has been advocated by Goode
(1978), Pollock and Rohrich (1984), Fanous (1986), and many
others. Unlike Proetz, they consider the turbinate head to be
the most frequent obstruction.

Horizontal inferior resection of the inferior margin was recom-
mended by Courtiss and Goldwyn (1990), Dessi et al. (1992),
Ophir et al. (1992), and Percodani et al. (1996). This method
avoids the risk of bleeding from the sphenopalatine artery
(Garth et al., 1995). According to some authors it only offers a
partial solution since symptoms tend to reappear (often because
of renewed hyperplasia) and the success rate deteriorates with
time (Courtiss and Goldwyn, 1983, 1990; Warwick-Brown and
Marks, 1987; Wight et al., 1990; Schmelzer et al., 1999).
Diagonal resection of more than half of the turbinate was car-
ried out by Spector (1982). With this method the functionally
important turbinate head is preserved. Serious posterior
epistaxis may occur, however as the major blood supply of the
turbinate is cut through by this method (Padgham and Vaug-
han-Jones, 1991).

From the viewpoint of preserving function, all of the above
variations of partial turbinectomy appear to be acceptable, pro-
vided they are performed in a conservative way. Personally, we
prefer crushing followed by horizontal trimming, as this seems

a. Medialization and L-shaped incision of the turbinate head with a no. 64 Beaver knife.
b. Dissection of a mucosal flap and resection of a part of the turbinate bone and
adjacent parenchyma.
c. Repositioning with fixation of the mucosal flap and lateralization of the reduced turbinate.

to represent the best compromise between desired results and
side effects. In our view, resection of the turbinate head would
seem too destructive. It may remove an anterior obstruction,
but it partially deprives the nose of its resistor and diffusor func-
tion. Resection of a part of the posterior end of the turbinate
would seem functionally acceptable, but it is only effective in
patients with pathology restricted to the turbinate tail.

11. TURBINOPLASTY

In the 1980s, the term 'turbinoplasty' was introduced (Mabry,
1982, 1984). It covers various methods of intraturbinal surgical
reduction of the inferior turbinate with preservation of the
mucosa. Recently, several authors have elaborated and propaga-
ted methods of intraturbinal reduction of the inferior turbinate
(Gray, 1965; Lenders and Pirsig, 1990; Grymer et al., 1993; King
and Mabry, 1993; Illum, 1997; and Marks, 1997; Huizing, 1998).
After medialization of the turbinate, an L-shaped incision is
made at its lateral-inferior margin. A mucosal flap is elevated
and part of the turbinate bone and parenchyma is resected, as
required. The mucosal flap is then redraped and fixated.

‘When the resection of bone and parenchyma is restricted to the
anterior part of the turbinate, we speak of an 'anterior turbino-
plasty'. This technique is applied in patients with inspiratory
breathing obstruction due to hyperplasia of the turbinate head.
Another technique is 'partial inferior turbinoplasty'. In this
method two separate incisions are made that join in the centre
of the concha. A wedge-shaped piece of the turbinate is then
removed and the margins of the resulting defect are brought
together (Schmelzer et al., 1999). Intraturbinal turbinoplasty
allows reduction of the turbinate while all mucosal functions
are preserved, as was recently demonstrated by Passali et al.
(1999) in their comparative study. A second advantage is its very
low incidence of postoperative bleeding and crusting. From the
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Figure 6. Laser treatment of the inferior turbinate (from Werner and
Lippert, Rhinology 35: 33-36, 1997).

standpoint of 'optimal volume reduction with preservation of
function', intraturbinal turbinoplasty is the method of choice in
treating turbinate hypertrophy. It is a tissue-reducing procedure
and can be tailored according to the pathology without compro-
mising the mucosal function.

12. LASER SURGERY

The use of laser technology to reduce the size of the inferior
turbinate was reported for the first time by Lenz in 1977, who
used the Argon-laser (Lenz et al., 1977; Lenz, 1985). In later
years, several other types of laser were applied: the CO, laser
(Mittelman, 1982; Simpson et al., 1982; Fukutake et al., 1986,
Kawamura et al., 1993; Kubota, 1995; Lippert and Werner, 1997,
Lagerholm et al., 1999; Papadakis et al., 1999; Katz et al., 2000);
the Potassium-Titanyl Phosphate (KTP) laser (Levine, 1989,
1991); the Neodinium-Yag laser (Werner and Rudert, 1992); the
Diode laser (Min et al., 1996); and the Holmium-Yag laser (Ser-
rano et al., 1998).

Lasers produce a beam of coherent light that is absorbed by the
tissues; the extent of absorption depends on its wavelength. Its
energy thereby released evaporates the tissue. The depth of the
lesion thus created depends on the wavelength, the extent of tis-
sue absorption, and the amount of energy applied. Its diameter
depends on the spot size of the laser beam. Thus, laser techno-
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logy can be used in different ways depending on the parameters
used. One of the parameters is the mode of application, either
continuous or pulsed. Most authors use pulsed laser treatment,
as a continuous laser beam causes damage in a wider area. A
number of dots or small craters are produced in the mucosa at a
distance of 1-2mm (Figure 5). The laser energy can be delivered
directly (CO, laser) or through an optical fibre (KTP, Nd-YAG,
Diode, Ho-YAG). Some authors prefer to make linear incisions
as done in the electrocautery procedure. Continuous applied
lasers enhance thermal damage in a wider area. Laser can also
be used for resecting tissue in partial (or total) turbinectomy,
and intraturbinal tissue reduction. Laser technology can thus be
used to perform a partial turbinectomy and for intraturbinal tis-
sue reduction. The laser may be used where others use a knife
or scissors. We should emphasize that laser surgery is not a new
operation but a new means to perform an operation.

Light microscopic studies of laser-treated mucosa have demon-
strated that the ciliated epithelium regenerates only to a limited
degree, while the number of seromucinous glands and caver-
nous blood spaces are decreased permanently (Kubota, 1995;
Elwany and Abdel-Moneim, 1997). In another study, the super-
ficial layer of the submucosa was found to be markedly degene-
rated and replaced by granulation tissue while after a year scar
tissue could be seen (Fukuta et al., 1986).

Laser surgery of the turbinates can be performed under local
anaesthesia on an out-patient basis. The haemostatic properties
of laser treatment are such that postoperative bleeding is very
rare and endonasal packing is unnecessary. Temporary crusting
is common, and synechia may occur, however.

The results of laser surgery of the turbinates that have been
published vary considerably (from '43% successful' to 'excellent
results'). Almost all studies are retrospective and non-compara-
tive, however. They have therefore little or no value and are
consequently not reviewed here. We know of only one prospec-
tive comparative study in which the results of different types of
laser surgery have been compared. In that study no significant
difference could be established (DeRowe et al., 1998).

Laser surgery of the turbinates does not meet the requirement
of 'optimal volume reduction in combination with preservation
of function'. If a limited amount of mucosa and submucosa is
evaporated, the volume reduction is probably insufficient. If the
mucosal volume is sufficiently reduced, the functional damage
will be severe and irreversible. Laser surgery is therefore not
compatible with modern concepts of functional nasal surgery
and should not be used to treat a hypertrophic inferior turbi-
nate.

13. POWERED INSTRUMENTS

Recently, powered instruments like 'shavers' have come into
use in turbinate surgery (Setcliff and Parsons, 1994). These in-
struments are used on the turbinate surface as well as intratur-
binally, often in combination with the endoscope. It has been
claimed that they permit precise removal of soft tissue. Some
surgeons resect parts from the lateral and inferior borders of the
turbinate, while others use the shaver intraturbinally (Friedman
etal., 1999; Van Delden et al., 1999). The technique is said to be
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fast, effective, and well tolerated and to have a low morbidity
(Davis and Nishioka, 1996).

The use of powered instruments appears to be a matter of per-
sonal preference. It depends not so much on the instrument
that is used. Rather, it is the surgical concept that counts in
reducing the size of a turbinate.

CONCLUSION

When analysing the advantages, the disadvantages, and the
complications of the various methods to treat inferior turbinate
hypertrophy, it is difficult to draw firm conclusions.

Lack of qualified studies. First of all, we are faced with a serious
lack of qualified studies. Most authors either advocate a new
method or report on a retrospective study of their own results
and offer unproven personal opinions. Studies comparing
different modalities of treatment are very rare. Studies that
meet all the criteria of a prospective comparative surgical study
do not exist, with the notable exception of the recently publish-
ed study by Passali et al. (1999).

Criteria to be fulfilled in the ideal study. The ideal study should
meet the following criteria: the study should be prospective and
comparative; patients should be randomly assigned to the study
groups and all should suffer from the same disease; preopera-
tive and postoperative parameters should include patient symp-
toms (VAS score), function tests (breathing, mucociliary trans-
port, nasal defence etc.), complications, and follow-up until 3-5
years. We realize how difficult it is to meet with all these re-
quirements. However, we would all agree that only studies of
this type would really help us to find answers to the many still
remaining questions.
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