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INTRODUCTION
Nasal air-conditioning is one of the most important functions of
the nose. During inspiration the intranasal air is heated, humid-
ified, and cleaned from larger particles (1,2). This way, the nose
plays an important role in the protection of the lower airways (3).
In case of restricted nasal breathing or during increased physical
effort, breathing trough the mouth is necessary. Considerable
disadvantages result when the nasal airway is excluded form
respiration. Svensson et al. show that the extent of water loss
with expiration through the mouth, was 42% higher than with
nose-breathing (4). This way reduced nasal air-conditioning may
result in disease of the lower airways. Subjects with asthma
show a correlation to nasal functional disturbances (5). Impaired
nasal breathing is subjectively very uncomfortable and compro-
mises the quality of life. Depending on the pathology, surgery
to improve nasal breathing should result in a subjective and
objective benefit for the patient. There are various studies pre-
senting an overview of the capacity and mechanisms of nasal
air-conditioning (1,3,6,7). The basic mechanisms of nasal condi-
tioning and effects of nasal pathologies on nasal conditioning
have been intensively investigated. However, the influence of
rhino-surgery is widely neglected (1,3,6,7). 
This review reports the current knowledge of the effects of var-
ious rhino-surgical methods with regard to their effects on
nasal air-conditioning.

TURBINATE SURGERY
The nasal turbinates play an important role in intranasal clima-
tization (7-9). Obstructed nasal breathing is often targeted by
surgical intervention on the turbinates.
Many studies have been conducted on the effects of turbinate
surgery to improve nasal breathing. The results are, in some
cases, difficult to compare as a great number of different oper-
ating techniques are described (10-13). At the same time most
studies are based on questionaires (14) or function tests like
active anterior rhinomanometry or acoustic rhinometry (15).
Parameters of nasal air-conditioning, such as temperature or
humidity are not recorded with these techniques.
Another aspect is the fact that turbinate surgery is often carried
out in combination with other rhino-surgical techniques like
septoplasty, septorhinoplasty or sinus surgery. In this case it is
often not possible to determine how the result can be credited
to turbinate surgery or to other surgical procedures. Naftali et
al. described the proportion of influence of anatomic structures
on the climatic performance of the nose in various computer
simulations (7). The influence of the inferior and middle
turbinates is estimated to be 15% and that of the nasal septum
to be 25%. In the computer simulation, the removal of the
middle turbinate lead to a reduction of 12% in nasal air condi-
tioning efficiency. In case of removal of the inferior turbinate,
the result was 16% lower. It can be seen, that the results with
nose-like models remain relatively inexact as anatomical struc-
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tures of the nose are only approximately simulated by simple
geometric shapes.
In another study, the effect of turbinate resection on intranasal
temperature and airflow is simulated in an anatomical comput-
er model with noticeably higher accuracy (16). Based on CT
scan data of healthy subjects, one side of the nose remained
untouched, on the other side the inferior and middle turbinate
were removed to simulate the effects of surgical resection. On
the side of the turbinate resection a large vortex developed
(Figure 1). As a result, in comparison to the non-modified
side, the temperature exchange between the air within the
nasal airways and mucosal lining of the nose significantly

decreased. This model very well describes the so called “empty
nose” and is comparable to the situation after radical sinus
surgery.

In a study from 1942, Moe examines the effect of nasal inter-
ventions to enlarge the nasal cavities, mainly with turbinate
resections, on the respiratory function of the nose (17). He
could not find a significant decrease of temperature and
humidity in the nasopharynx compared to controls. How ever,
the operated noses showed a noticeably lower transnasal
increase in temperature and humidity. The extent of the func-
tional reduction appears to be determined by the widening of
the nasal cavities (17). Despite of the fact that these results have
to be critically viewed because of the technical possibilities at
that time, they underline the importance of the turbinates for
the intranasal climatization.

SEPTOPLASTY
There is sufficient evidence for the subjective improvement of
nasal breathing after septoplasty (18,19). Several studies, how-
ever, show that this improvement of nasal breathing only poor-
ly correlates with the objectively measured results (20,21).
Studies on the effects of septoplasty on the climatization-func-
tion of the nose are rare. A recent study showed a statistically
significant increase in end-inspiratory temperature and in rela-
tive humidity after septoplasty (22). Intranasal temperature and
relative humidity were continuously measured during several
breathing cycles close to the head of the middle turbinate. It
was shown for the first time that septoplasty with bilateral
tubinoplasty leads to a significant improvement of the climati-
zation function of the nose (Figure 2). To what extent surgery
of turbinates is responsible and to what extent the septum cor-
rection is responsible, remains open at this point.

SEPTORHINOPLASTY
There are several studies on the effects of septorhinoplasty on
nasal breathing. In most studies an improvement in nasal
breathing after surgery is registered (23). The situation in the lit-
erature is comparable to septoplasty. There are only few stud-
ies on the effect of septorhinoplasty on air-conditioning.
However, conditioning in the nasal passageways after rhino-
plastic and not only septal surgery may differ from nasal air-
conditioning after solely septal surgery because of the extend-
ed surgical interventions that are often performed in rhinoplas-
ty, e.g. widening of the nasal valve area by lateral osteotomies
or other interventions on the nasal pyramid. In a prospective
study, patients were examined before and 4 to 6 months after

Table 1. Summary of the most important results of Rozsasi et al. (24).
mean pre-SRP post-SRP p-value
Temperature [°C] 27.0 29.4 0.003
Total water content [mg/l] 21.6 26.3 0.003
Heat increase [°C] 2.9 6.2 0.003
Water gradient [mg/l] 11.9 20.6 0.001

Figure 1. Numerical simulation of velocity (left) and temperature

(right) after unilateral resection of the turbinates during inspiration. 

A spacious vortex (arrow) and a disturbed temperature distribution

within the “operated” right nasal cavity demonstrated (16). 

Figure 2. Box-Whisker-plot showing the temperature and humidity

increase before and after septoplasty measured in the anterior

turbinate area (22).
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septorhinoplasty and inferior turbinoplasty with regard to the
temperature and the relative humidity increase (24). In compari-
son to the pre-operative situation, postoperative values showed
a significantly higher nasal airflow as measured by active ante-
rior rhinomanometry. The post-operative nasal temperature,
the heat increase, the total water content, and the water gradi-
ent were significantly higher compared to the pre-operative
values (Table 1).
Patients with internal and external nasal deformities showed a
noticeable improvement of intranasal air-conditioning after
septorhinoplasty. However, despite of convincing results, fur-
ther studies with larger patient groups without simultaneous
turbinate surgery have to be performed.

SEPTAL PERFORATION
Patients with septal perforations suffer from nasal blockage,
crusting, recurrent epistaxis or whistling (25). In particular, nasal
blockage is difficult to test as results of active anterior rhino-
manometry or acoustic rhinometry in these patients are not
reliable (26). In patients with septal perforation a significantly
minor increase in humidity during inspiration is found com-
pared to healthy controls (27). Numerical simulations demon-
strated the formation of vortexes, causing a disturbed airflow
and temperature distribution within the nose (28).
In a prospective study, conditioning measurements were per-
formed immediately prior to and approximately 7 months after
surgical closure of septal perforations (29). Post-operatively,
intranasal temperature and humidity values increased signifi-
cantly (Figure 3). At the same time, a significant reduction of
epistaxis and nasal dryness as registered by a symptom score
could be observed. A successful surgical closure of septal per-

forations results not only in subjective improvement of nasal
breathing and nasal symptoms, but also in restauration of the
air-conditioning capacity of the nasal airways.

FUNCTIONAL SINUS SURGERY
Generally, the main goal of functional endoscopic sinus
surgery (FESS) is to improve ventilation and drainage of the
paranasal sinuses while the mucosal lining is preserved. The
crucial region for this surgical procedure is the middle meatus
with the opening of the sinuses. Thus, it is highly recommend-
ed that the middle turbinate must be protected (30). The influ-
ence of the middle turbinate, in relation to the conditioning
capacity of the nose, gives rise to controversial discussion (31).
In a computer simulation, removal of the middle turbinate
resulted in a reduction of 12% of the nasal air-conditioning
capacity compared to healthy nasal passageways (7). So far, the
impact of sinus surgery on nasal warming and humidification
has not been sufficiently investigated (32). In a study conducted
by Keck et al., 22 patients with chronic rhinosinusitis had been
examined before and 6-8 weeks after FESS, and results were
compared to 22 controls (33). Temperature was measured in the
nasal vestibule, the nasal valve region, the anterior turbinate
area, and in the nasopharynx. No differences between the
patient and the control group concerning temperature profiles
were measured. The minimal effect of chronic rhinosinusitis
without nasal polyps on the conditioning function of the nose
is evident. According to these results, FESS has no major
influence on the air-conditioning function of the nose, at least
in patients without obstructing nasal polyps. 

RADICAL SINUS SURGERY
The impact of radical sinus surgery without preservation of the
mucosal lining on nasal air-conditioning has been investigated
by the same research group. Patients with unilateral inverted
papilloma were examined (34). Radical maxillary sinus surgery,
sphenoidotomy, and ethmoidectomy with complete resection
of the lateral nasal wall and the inferior and middle turbinates
were performed in all patients. The healthy side side served as
control. The temperature and humidity levels in the nasopha -
 rynx of the operated and contralateral side were measured. 
A significantly lower temperature and absolute humidity were
registered for the operated side in comparison to non-operated
side. These results correspond with those of Drettner et al.,
who examined four patients with partial maxillectomy (3). They
registered significantly reduced nasal humidity and tempera-
ture in comparison to normal subjects.
The nasal airflow after radical sinus surgery was also illustrated
in computer simulation. The airflow model was based on a CT
scan of a patient after radical maxillary sinus surgery and eth-
moidectomy, with complete resection of the lateral nasal wall
and the turbinates on the right side (35). The calculated nasal
volume on the operated side was 145 ml, on the healthy side it
was 68 ml, respectively. The relation between surface and vol-
ume amounted to 0.8 for the operated side and 0.3 for the con-

Figure 3. Transnasal temperature and humidity increase in patients

with nasal septal perforation before and after surgical closure (29).
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tralateral side. The results of numerical simulation of airflow
pattern are shown in Figure 4. The simulation study in the
healthy nasal passageways demonstrated only minimal air tur-
bulences towards the nasopharynx. On the operated side, the
far more turbulent airflow rebounds directly against the poste-
rior wall of the nose, thus leading to.

CONCLUSION
Nasal and paranasal surgical interventions have been shown to
be associated with improved nasal warming and moistening
when the mucosal lining of the nasal passageways is preserved.
Even repairs of septal perforations have been demonstrated to
elevate intranasal temperature and humidity. Radical sinus
surgery with reduction of turbinate tissue leads to reduced
nasal heating and humidification within the nasal airways, with
an increased risk of nasal dryness and crust formation on the
nasal mucosal surface. However, other factors such as the nasal
cycle, the airflow distribution in the nasal passageways, and
nasal resistance and their impact on nasal climatization have
only partially been investigated. Nevertheless, excessive
enlargement of the nasal cavity as a result of nasal and sinus
operations, especially in the turbinate area, have to be avoided.
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