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INTRODUCTION
The continuous evaluation of surgical indications and outcomes is
necessary nowadays, when objective evidence is more important
than the opinions of experienced surgeons. Quality registers are
also more common and are available to the general population. In
Sweden, there is an open register (http://kvalitet.onh.nu/) with sep-
toplasty results from all surgical centres in the country. National
health authorities encourage prospective patients to look at these
results, and for obvious reasons they are followed carefully by the
profession. As seen in Figure 1, results during the past two years
regarding patients who are cured or improved six months after
septoplasty range from 55% to 92%. The mean figure for all
departments in the country, based on 2183 operations, is 76%.
This figure is comparable to other reports of septoplasty outcome
showing 70-90 % satisfied patients (1-5).

Clinical data suggests that patient selection is the mainstay of a
successful outcome. It is crucial to select patients for whom there
is a reasonable expectation regarding outcome, and whose disease
is suitable for the procedure. Since nasal obstruction can be due to
skeletal as well as mucosal causes, the patient’s history is the basis
for selection and this must include questions about hyper-reactivi-
ty and allergy. We know from the literature that the outcome of
septoplasty is worse when there is a mucosal problem (6) and if
there is no history of trauma (7). A further consideration before
nasal surgery is performed is the high frequency of septal devia-
tion in the population, with figures of 40% in teenagers (8) and
over 50% in the general population (9).

After history, the next measure is an evaluation by the
surgeon/physician. This is also a subjective measure as it is based
on the frame of reference of the examiner. This paper focuses on
tests for measuring nasal patency before septal surgery that are
regarded as objective. However, all tests involving patient co-
operation can be criticized for not being fully objective.
Furthermore, it must be admitted that there are no ideal tests for
nasal breathing that can translate the patient’s evaluation of nasal
obstruction into a specific figure, as is the case with the audiogram
for hearing, the vision test for sight, and spirometry for lung func-
tion.

Rhinometry has been used in other surgical procedures to follow
surgical effects, such as in turbinoplasty (10) and endoscopic sinus
surgery (11). This review will focus on the benefit of rhinometry in
septoplasty.

AVAILABLE METHODS AND CORRELATION TO
SUBJECTIVE OBSTRUCTION
Since the nose is available for direct inspection by anterior
rhinoscopy, some advocate that no other measures of its function
are needed. However, there is no direct correlation between func-
tion and status. Further, in many studies the subjective feeling of
nasal obstruction has been difficult to correlate to patency of the
nasal passages (12). However, in the majority of studies a signifi-
cant correlation has been found between subjective scoring and
test methods (13,14). Significant correlations (p < 0.001) have been
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reported in large groups between objective and subjective assess-
ments of nasal patency, but with low r-values (0.3). The implica-
tion has been that on an individual level these measures are of lit-
tle significance (15), but the value of nasal tests depends on how
tests are interpreted. This must be done actively, with good knowl-
edge of the technique being used, the pitfalls, and correlation to
normal values. Several methods can be used for objective assess-
ment of nasal function.

Rhinomanometry (RM), which is most often performed today
using the active anterior technique, is the most frequently used
method for research and clinical evaluation of nasal airway resis-
tance (NAR) to breathing. There is not a direct correlation to the
subjective evaluation of stuffiness, probably because the location
of NAR is in the valve region while the sensation of nasal obstruc-
tion can also be related to congestion in other areas. However,
several studies of both skeletal and mucosal obstruction show a
fair correlation (16-21). In the study by Hirschberg and Rezek (15), the
correlation between subjective obstruction and airway resistance
on the narrow side reached a higher level of significance com-
pared to this correlation on the wide side. Similar results were
reported by Clarke et al. (22) and Sipilä et al. (23) who found that
RM was better than patients’ subjective sensations in detecting
subtle side differences in resistance. In another study, the same
authors found that VAS results correlated better to RM when eval-
uating unilateral obstruction as compared to total nasal evaluation
(24). It is important to take this into account, and measures should
always be done on each side separately. There is a variation coef-
ficient of 15% unilaterally and this figure is 8% for the total nose
(25). A drawback is that RM requires trained staff.

Acoustic rhinometry (AR) is easier to perform but it has several
pitfalls concerning technique and also requires trained staff (26).
Due to the wide variation in nasal mucosal swelling, the test corre-
sponds better, on an individual level, to the subjective feeling of
obstruction after, rather than before, decongestion (27). On a group
level, however, the VAS or subjective patient evaluation regarding
nasal obstruction has a good correlation to AR-measures (16,28,29)

and there is a significant correlation between AR and the doctor’s
evaluation of septal deviation (30). There is a 5% variation coeffi-
cient and reproducibility is 5-10% (25).

Nasal peak inspiratory flow (NPIF) is easy to perform, cheap,
quick and does not require trained staff. It is suitable for serial
measures and for home use, and thus for following up an interven-
tion. NPIF is only performed bilaterally, with both sides tested at
the same time, which is why it is not useful in selecting patients
for surgery. However, it can be used for follow-up (31). Peak flow
can also be measured expiratorily, but for hygienic reasons this is
seldomly done, and it does not correlate better to subjective values
of obstruction than inspiratory flow (32). The variation coefficient is
6-18%, and valve collapse might give false low values during a
forced inspiration manoeuvre. Several reports have shown good
correlation to a subjective feeling of obstruction (29,31,33) but others
have not (34).

Computed Tomography (CT) and Magnetic Resonance Imaging
(MRI) are also objective methods for surveying the nasal passages
in chronic rhinosinusitis, but correlation to function is poor. MRI
is useful for soft tissue pathologies and has fair correlation to AR
(35). For septoplasty, CT is only indicated in malformation surgery.

Quality of Life questionnaires can give additional information
about the impact of disease on the welfare of a subject, thereby
quantifying an aspect of the disease that is not detected by objec-
tive testing (36). There are no specific questionnaires for skeletal
nasal diseases, but SNOT-22 for rhinosinusitis contains questions
about nasal obstruction and has recently also been recommended
for use in assessing surgical outcome (37,38). General questionnaires
like SF-36 can also be used, but not for selection of surgical cases
since they are not illness-specific. All QoL questionnaires are sub-
jective, but can be useful for follow-up of an intervention and
should be used more extensively today to obtain better insight
concerning the patient’s wellbeing. SNOT-22 seems to be a suit-
able instrument for follow-up of rhinosinusitis as well as function-
al surgery.

WHAT IS MEASURED?
It is important to remember that the described methods do not
measure the same parameters of nasal function. Rhinomanometry
measures the resistance to nasal breathing by registering flow and
pressure fall from the anterior to the posterior nasal cavity
(Pa/cm3/sec). Acoustic rhinometry is a static measure of nasal
dimensions like volume (cm3) and cross sectional areas (cm2),
while nasal peak inspiratory flow is a measure of maximal inspira-
tory nasal air flow (litres/min). These methods complement one
another, and it would seem appropriate to perform RM and AR at
the same time in the same individual for preoperative evaluation,
as has also been recommended by other authors (16,39,40). In a paper
by Spronsen and coworkers using the GRADE approach, RM, AR
and NPIF were strongly recommended, based on high quality evi-
dence (1A), for follow-up in assessing treatment of nasal conges-
tion (34).

To correlate measures of nasal function to surgical success, the
measures must be carried out after decongestion to overcome the
effect and variation of mucous swelling on nasal patency. Since
surgery is performed on skeletal structures, measures that include
the mucosal component are not reliable or relevant. On the other
hand, with a high degree of mucosal swelling a mucosal disease
can be suspected, and in normal cases a 40% reduction of NAR
after decongestion is regarded as normal swelling (41). Since the
nose is very sensitive to physiological changes (42) it is important
to let the nose rest for at least 15 minutes before rhinometry, espe-
cially if mucosal swelling is to be evaluated.

It is also important to measure both sides separately and not focus
on the total nasal value. The most common reason for septal
surgery is one-sided deviation, and in measures of “total” nose this
can be hidden in a normal value. This is of course also the reason
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that peak flow measures are not suitable as a selection test for sep-
tal surgery.

NORMAL VALUES
When assessing nasal patency, the fact that validated normal val-
ues are still lacking, is a major problem. The international consen-
sus document regarding RM and AR (43) has not dealt with this
problem, probably due to the wide range of manufacturers of
equipment and the lack of consensus concerning methodology.
The wide variability of the nasal mucosa, which is influenced by
several external and internal factors, makes it unlikely that we will
ever have “normal values” for nasal patency before decongestion.
After decongestion, however, the situation is different. With stan-
dardized decongestants like sympathicomimetic sprays (xylomet-
hazoline, oxymethazoline), or cocaine, or physical exercise, the
decongested nasal passage can be evaluated based on the influence
of the skeleton (nasal cartilage and bone structures). It is important
to keep in mind that a subjective feeling of nasal patency is not
solely dependent on flow, resistance and nasal dimensions.
Another complicating factor regarding experienced patency is the
importance of the sensorium of the nasal cavity. A system of sen-
sory nerve endings in the nose reacts to different triggers. We
know that patency is influenced by odours like menthol and that a
subjective feeling of patency can be provoked without visible
changes in objective parameters (44). Rhinometry values are also
dependent on race (45,46), age, as the nasal passage grows until ado-
lescence (47), sex (47), body mass index (48), and height, as suggested
by Broms (49). In elderly people, endonasal volumes and minimal
cross sectional areas increase as measured with acoustic rhinome-
try (50), but this can be counterbalanced by increasing destabiliza-
tion of the valves in the elderly. Despite these considerations,
there are still cases where correlations between objective and sub-
jective measures are poor.

Rhinomanometry is the most widely used method for preoperative
evaluation. Sipilä and Suonpää in Finland (personal communica-
tion) reported their normal baseline values to be 0.4-1.0 Pa s/cm3

before decongestion and 0.15-0.5 Pa s/cm3 after decongestion
using the Broms technique (49). Broms published his normal mater-
ial back in 1982 (49) and since then other authors have presented
their normal materials (51-54). Zapletal and Chalupova (55) reported
normal values in healthy Caucasian children. They found a signifi-
cant relation to height and age but not to sex. If reference values
are not available for the technique that is used, the department
must establish their own references depending on age (distinguish-
ing between children, adolescents and adults), sex and height. In
our department, we use the RhinoStream (Interacoustics, Assens,
Denmark), and we seldomly perform septal surgery if the resis-
tance value is below 1.0 Pa s/cm3 on the narrow side.

Acoustic rhinometry has been reported on in several papers with
reference values similar to those reported by Scucs and Clement
for a limited number of cases (30). Straszek et al. (56) reported values
in school children and adults indicating that posterior volume (2-5
cm) was the most sensitive measure for detecting change in nasal

patency. Corey et al. (57) presented normal values in relation to sex,
race, height and weight, and Millqvist and Bende (58) reported ref-
erence values based on 334 individuals without nasal symptoms.
Later the same group (59) reported undecongested values for chil-
dren aged 4-16 years who were followed for two years, and they
found correlations to height but not to age, probably due to huge
variations in undecongested noses. We still await a large series of
measures, preferably population based and stratified according to
age, sex, height and weight. In a study by Warren et al. (60), a mini-
mal cross sectional area of less than 0.4 cm2 was the threshold for
nasal airway impairment. In our department, we seldomly perform
septal surgery when MCA values obtained with RhinoScan
(Interacoustics) are higher than 0.4 cm2.

Recently, Nasal Peak Inspiratory Flow values were described in
137 healthy subjects in relation to height, age and sex (61) and in
correlation to VAS (62). However, the value of these data in septal
surgery is very limited.

OBJECTIVE MEASURES BEFORE AND AFTER NASAL
SURGERY
Several papers have shown that an objective method can be used
to demonstrate that nasal surgery improves the nasal passage.
Using RM after surgery, decreased resistance was reported by sev-
eral authors compared to preoperative values (2,7,51,63-66), and
improved nasal dimensions with AR were shown by others
(3,31,65,67). Peak flow measures were also significantly increased
after septal surgery (31) and there was a good correlation between
peak flow values after surgery and self assessed nasal patency (68).
In one study where patients were selected for septoplasty based on
RM values, there was a highly significant improvement both three
months and 10 years after surgery (4) based on RM. Correlation to
subjective evaluation was also good, and 10 years after surgery
only 2/37 (5%) were dissatisfied. In Grymer’s study (3), a highly
significant correlation was seen between minimal cross sectional
area and the subjective feeling of nasal patency before and after
surgery. In dissatisfied subjects, a significantly smaller MCA was
seen postoperatively compared to satisfied patients (0.45 and 0.74
cm2, respectively). A significant correlation between improved
values after septoplasty measured with RM and AR was also
demonstrated by Pirilä and Tikanto (65). They also found signifi-
cant correlations before surgery between subjective scoring and
objective measures of nasal patency, as well as after surgery
where significant correlations were seen between subjective nasal
obstruction and rhinomanometry and acoustic rhinometry, except
for MCA 2 on the narrow or deviated side. Nasal spirometry has
also proved to be of value to measure nasal airflow before and
after septal surgery (69).

WHAT EVIDENCE IS THERE THAT OBJECTIVE EVALUA-
TION IS OF USE IN SELECTING PATIENTS FOR NASAL
SURGERY?
As early as 1982, Broms and co-workers (49) reported a better out-
come from septal surgery in patients with high NAR in RM preop-
eratively. They also found that patients who were dissatisfied post-
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operatively had high NAR after surgery, while NAR was signifi-
cantly lower in patients who were satisfied postoperatively. Jessen
and Malm (7) also reported a large number of satisfied patients
after septal surgery (81%) when one of the inclusion criteria for
the decision to perform surgery was based on a pathological NAR
preoperatively. An even larger number were improved according
to RM (94%). In a non-operated control group of 100 patients, a
larger number had bilateral stuffiness and no history of nasal trau-
ma.

Nasal obstruction documented with rhinometry is the main indica-
tion for septal surgery, and if NAR is high preoperatively the
patient is more likely to benefit from surgery, as shown by Sipilä
et al. (51). In another Finnish study, 432 patients were on the wait-
ing list for septal surgery based on symptoms and clinical find-
ings. All of them had RM performed. The patients were then
analysed based on preoperative RM results. In a group of patients
where preoperative RM was normal the success rate was 69%,
while in the group with pathological NAR 85% were satisfied
with the outcome(70). The experience from my own department is
similar to that of Sipilä and Suonpää. In the National Quality
Register, our success rate was 64% in 2000. After introducing AR
and RM and using reference levels in combination with clinical
examination and patient history, our success rate has increased to
84%. When considering patients who are dissatisfied with their
surgery, there is an over representation of patients with near nor-
mal values on rhinometry tests.

In a long-term follow-up, Suonpää et al.(71) found that patients
who had high NAR preoperatively were most satisfied at follow-
up, and there was a smaller number of symptom free patients
among those who had normal NAR preoperatively. Their conclu-
sion was “preoperative rhinomanometry helps in selecting patients
who benefit most from surgery and thus saves operative
resources”.
In another study by Holmström and Kumlien (2), patients were
selected for septoplasty based on their history and status. The day
before surgery an anterior RM was performed and surgery was
thus performed irrespective of RM values. Based on RM, 52/57
improved; however, 11/57 were not satisfied with the result and
among these 8/11 had normal NAR before surgery. Thus, in this
study, > 90% would have been satisfied if pathological NAR had
been used as a selection criterion for septal surgery. However, a
few cases were satisfied with the operation although preoperative
NAR was in the normal range, and with stricter criteria based on
pathological RM values, these patients would not have been oper-
ated on.
In a recently published study, Piril and Tikanto(72) showed that
preoperative AR and RM had a statistically significant impact in
predicting postoperative satisfaction. In their study the decision to
operate was based on clinical judgement without the aid of RM or
AR, and these tests were performed after the decision for surgery
was taken. An MCA after decongestion of 0.40 m3 on the narrow
side was estimated as an optimal cut-off for predicting postopera-
tive satisfaction. For AR as well as for RM, both sensitivity and

specificity were higher regarding the prediction of postoperative
satisfaction than was the case for anterior rhinoscopy. The authors
concluded that rhinoscopy was sufficient in severe deviation but in
milder deviations rhinometry predicted postoperative satisfaction
to a statistically significant degree.

In Bohlin’s study (4), where junior staff had performed the opera-
tions, 84% of patients were satisfied after 10 years. The surgical
outcome was explained by strict inclusion criteria based on patho-
logical RM values preoperatively. In contrast, in the study by
Dinis and Haider (73) it could not be shown that a preoperative RM
influenced surgical outcome as measured by patient satisfaction.
However, this was a retrospective study without randomization.
There were no preoperative inclusion criteria based on RM results,
and we do not know anything about RM in the control group. The
fact that RM is available does not equate with a positive effect.
The crucial points are an active use of the method and correlation
of measured data to normal values.

There are thus several studies indicating that a normal NAR value
before surgery is a marker for a poor surgical outcome (2,51,70,74).
However, even some patients with normal rhinometry values will
improve after surgery. Thus, with stricter criteria for surgery we
would risk losing these potential successes. On the other hand,
some studies indicate a positive outcome in cases with normal rhi-
nometry values, even with a wait and see policy. Jessen and Malm
(75) presented a series of 67 patients who were candidates for septal
surgery but were taken off the waiting list since rhinomanometry
showed normal values. After five years, 20% were free from daily
nasal obstruction, and this was also the case for another 21% in
the next seven years. A majority of patients were regarded as hav-
ing idiopathic rhinitis with septal deviation. The wait and see poli-
cy was also advocated by Sipilä et al.(70). They found that 10% of
patients referred for septal surgery were symptom-free after three
to five years if no RM was performed, and if RM was normal and
patients were not operated on, 40% were symptom-free with or
without medical treatment and only 26% were dissatisfied with the
decision not to be operated on. Even when NAR is high, the same
conclusions were recently drawn by Thulesius et al. (76) who fol-
lowed 44 patients with high NAR values and nasal stuffiness for
eight years without performing surgery. Over time NAR values
decreased on both the wide and the narrow side; 36% of patients
were symptomatically improved and a logistic regression showed
that increasing age and allergy prevalence were significantly asso-
ciated with reduced nasal stuffiness at follow-up. The authors also
speculated as to whether age-related, decreased nasal mucosal sen-
sitivity was a contributing factor, and they recommended a wait
and see policy, at least for elderly patients.

CONCLUDING RECOMMENDATIONS FOR SEPTAL
SURGERY
The value both of objective techniques for following up surgical
results and quality assessments have been clearly elucidated in
several studies. It also seems as if rhinometry is more sensitive in
detecting minor anatomical changes, while in other cases one
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method can miss an abnormality; for example, a posterior devia-
tion is often missed with AR if there is a more prominent anterior
deviation. This is also why two complementary tests are recom-
mended (16,39,40). RM appears to be preferable for selecting suitable
candidates for septal surgery if only one test is used. In this era of
objective measures, when evidence based medicine is the norm,
the comment “in my hands” is not appropriate.

- Investigate and be very careful to obtain sufficient information
before surgery, eg if there is a history of mucosal disease
(hyperreactivity/allergy).

- If there is uncertainty about mucosal disease, try medical treat-

ment first.
- If there is uncertainty, wait and see!
- Obtain unilateral instead of total measurements with rhinome-

try.
- Rhinometry is also useful in medical-legal cases to demon-

strate skeletal deviation and to verify corrections after surgery.
- In surgical studies rhinometry should be used.
- Operate when there is good correlation between the patient’s

status, history and the results of rhinometry!

REFERENCES
1. Grymer LF, Illum P, Hilberg O. Septoplasty and compensatory inferi-

or turbinate hypertrophy: a randomized study evaluated by acoustic
rhinometry. J Laryngol Otol. 1993; 107: 413-417.

2. Holmstrom M, Kumlien J. A clinical follow-up of septal surgery with
special attention to the value of preoperative rhinomanometric exami-
nation in the decision concerning operation. Clin Otolaryngol Allied
Sci. 1988; 13: 115-120.

3. Grymer LF, Hilberg O, Elbrond O, Pedersen OF. Acoustic rhinome-
try: evaluation of the nasal cavity with septal deviations, before and
after septoplasty. Laryngoscope. 1989; 99: 1180-1187.

4. Bohlin L, Dahlqvist A. Nasal airway resistance and complications fol-
lowing functional septoplasty: a ten-year follow-up study. Rhinology.
1994; 32: 195-197.

5. Jessen M, Ivarsson A, Malm L. Nasal airway resistance and symptoms
after functional septoplasty: comparison of findings at 9 months and 9
years. Clin Otolaryngol Allied Sci. 1989; 14: 231-234.

6. Karatzanis AD, Fragiadakis G, Moshandrea J, Zenk J, Iro H,
Velegrakis GA. Septoplasty outcome in patients with and without
allergic rhinitis. Rhinology. 2009; 47: 444-449.

7. Jessen M, Malm L. The importance of nasal airway resistance and
nasal symptoms in the selection of patients for septoplasty. Rhinology.
1984; 22: 157-164.

8. Zielnik-Jurkiewicz B, Olszewska-Sosinska O. The nasal septum
deformities in children and adolescents from Warsaw, Poland. Int J
Pediatr Otorhinolaryngol. 2006; 70: 731-736.

9. Perez P, Sabate J, Carmona A, Catalina-Herrera CJ, Jimenez-
Castellanos J. Anatomical variations in the human paranasal sinus
region studied by CT. J Anat. 2000; 197: 221-227.

10. Hilberg O, Grymer LF, Pedersen OF, Elbrond O. Turbinate hypertro-
phy. Evaluation of the nasal cavity by acoustic rhinometry. Arch
Otolaryngol Head Neck Surg. 1990; 116: 283-289.

11. Numminen J, Dastidar P, Rautiainen M. Influence of sinus surgery in
rhinometric measurements. J Otolaryngol. 2004; 33: 98-103.

12. Kim CS, Moon BK, Jung DH, Min YG. Correlation between nasal
obstruction symptoms and objective parameters of acoustic rhinome-
try and rhinomanometry. Auris Nasus Larynx. 1998; 25: 45-48.

13. Gleeson MJ, Youlten LJ, Shelton DM, Siodlak MZ, Eiser NM,
Wengraf CL. Assessment of nasal airway patency: a comparison of
four methods. Clin Otolaryngol Allied Sci. 1986; 11: 99-107.

14. Frolund L, Madsen F, Mygind N, Nielsen NH, Svendsen UG, Weeke
B. Comparison between different techniques for measuring nasal
patency in a group of unselected patients. Acta Otolaryngol. 1987;
104: 175-179.

15. Hirschberg A, Rezek O. Correlation between objective and subjective
assessments of nasal patency. ORL J Otorhinolaryngol Relat Spec.
1998; 60: 206-211.

16. Roithmann R, Cole P, Chapnik J, Barreto SM, Szalai JP, Zamel N.
Acoustic rhinometry, rhinomanometry, and the sensation of nasal
patency: a correlative study. J Otolaryngol. 1994; 23: 454-458.

17. McCaffrey TV, Kern EB. Clinical evaluation of nasal obstruction. A
study of 1,000 patients. Arch Otolaryngol. 1979; 105: 542-545.

18. Eccles R, Jawad M, Jawad S, Angello J, Howard M Druce H. Efficacy
and Safety of Single and Multiple Doses of Pseudoephedrine in the
Treatment of Nasal Congestion associated with Common Cold. Am J
Rhinol. 2005; 19: 25-31.

19. Pastorello EA, Riario-Sforza GG, Incorvaia C, Segala M, Fumagalli

Figure 1. Results of septal surgery in Sweden in 2007 and 2008 as judged
by the patients six months after surgery. The results of different depart-
ments are listed. The percentages (%) represent the total number of
patients who were completely or moderately improved.

Free from nasal symptoms

Nasal symptoms moderately improved

Nasal symptoms unchanged

Nasal symptoms worse

006028_Holmstrom:et al. 04-07-2010 11:59 Pagina 5



6 Holmström

M, Gandini R. Comparison of rhinomanometry, symptom score, and
inflammatory cell counts in assessing the nasal late-phase reaction to
allergen challenge. J Allergy Clin Immunol. 1994; 93: 85-92.

20. Huang TW, Cheng PW. Changes in nasal resistance and quality of life
after endoscopic microdebrider-assisted inferior turbinoplasty in
patients with perennial allergic rhinitis. Arch Otolaryngol Head Neck
Surg. 2006; 132: 990-993.

21. Wustenberg EG, Zahnert T, Huttenbrink KB, Hummel T. Comparison
of optical rhinometry and active anterior rhinomanometry using nasal
provocation testing. Arch Otolaryngol Head Neck Surg. 2007; 133:
344-349.

22. Clarke JD, Hopkins ML, Eccles R. How good are patients at determin-
ing which side of the nose is more obstructed? A study on the limits of
discrimination of the subjective assessment of unilateral nasal obstruc-
tion. Am J Rhinol. 2006; 20: 20-24.

23. Sipila J, Suonpaa J, Laippala P. Sensation of nasal obstruction com-
pared to rhinomanometric results in patients referred for septoplasty.
Rhinology. 1994; 32: 141-144.

24. Sipila J, Suonpaa J, Silvoniemi P, Laippala P. Correlations between
subjective sensation of nasal patency and rhinomanometry in both uni-
lateral and total nasal assessment. ORL J Otorhinolaryngol Relat
Spec. 1995; 57: 260-263.

25. Silkoff PE, Chakravorty S, Chapnik J, Cole P, Zamel N.
Reproducibility of acoustic rhinometry and rhinomanometry in normal
subjects. Am J Rhinol. 1999; 13: 131-135.

26. Fisher EW, Morris DP, Biemans JM, Palmer CR, Lund VJ. Practical
aspects of acoustic rhinometry: problems and solutions. Rhinology.
1995; 33: 219-223.

27. Larsson C, Millqvist E, Bende M. Relationship between subjective
nasal stuffiness and nasal patency measured by acoustic rhinometry.
Am J Rhinol. 2001; 15: 403-405.

28. Yamagiwa M. Acoustic evaluation of the efficacy of medical therapy
for allergic nasal obstruction. Eur Arch Otorhinolaryngol. 1997; 254,
Suppl 1: S82-84.

29. Kjaergaard T, Cvancarova M, Steinsvag SK. Does nasal obstruction
mean that the nose is obstructed? Laryngoscope. 2008; 118: 1476-
1481.

30. Szucs E, Clement PA. Acoustic rhinometry and rhinomanometry in
the evaluation of nasal patency of patients with nasal septal deviation.
Am J Rhinol. 1998; 12: 345-352.

31. Marais J, Murray JA, Marshall I, Douglas N, Martin S. Minimal cross-
sectional areas, nasal peak flow and patients' satisfaction in septoplas-
ty and inferior turbinectomy. Rhinology. 1994; 32: 145-147.

32. Hellgren J, Jarlstedt J, Dimberg L, Toren K, Karlsson G. A study of
some current methods for assessment of nasal histamine reactivity.
Clin Otolaryngol Allied Sci. 1997; 22: 536-541.

33. Ciprandi G, Cirillo I, Pistorio A. Relationship between severity of
rhinitis symptoms and nasal airflow. Rhinology. 2008; 46: 209-212.

34. van Spronsen E, Ingels KJ, Jansen AH, Graamans K, Fokkens WJ.
Evidence-based recommendations regarding the differential diagnosis
and assessment of nasal congestion: using the new GRADE system.
Allergy. 2008; 63:820-833.

35. Hilberg O, Jensen FT, Pedersen OF. Nasal airway geometry: compari-
son between acoustic reflections and magnetic resonance scanning. J
Appl Physiol. 1993; 75: 2811-2819.

36. Stewart MG, Smith TL. Objective versus subjective outcomes assess-
ment in rhinology. Am J Rhinol. 2005; 19: 529-535.

37. Buckland JR, Thomas S, Harries PG. Can the Sino-nasal Outcome
Test (SNOT-22) be used as a reliable outcome measure for successful
septal surgery? Clin Otolaryngol Allied Sci. 2003; 28: 43-47.

38. Hopkins C, Gillett S, Slack R, Lund VJ, Browne JP. Psychometric
validity of the 22-item Sinonasal Outcome Test. Clin Otolaryngol.
2009; 34: 447-454.

39. Numminen J, Ahtinen M, 3rd, Huhtala H, Laranne J, Rautiainen M.
Correlation between rhinometric measurement methods in healthy
young adults. Am J Rhinol. 2002; 16: 203-208.

40. Zhang G, Solomon P, Rival R, Fenton RS, Cole P. Nasal airway vol-
ume and resistance to airflow. Am J Rhinol. 2008; 22: 371-375.

41. Caenen M, Hamels K, Deron P, Clement P. Comparison of deconges-
tive capacity of xylometazoline and pseudoephedrine with rhino-
manometry and MRI. Rhinology. 2005; 43: 205-209.

42. Lal D, Gorges ML, Ungkhara G, Reidy PM, Corey JP. Physiological

change in nasal patency in response to changes in posture, tempera-
ture, and humidity measured by acoustic rhinometry. Am J Rhinol.
2006; 20: 456-462.

43. Clement PA, Gordts F. Consensus report on acoustic rhinometry and
rhinomanometry. Rhinology. 2005; 43: 169-179.

44. Lindemann J, Tsakiropoulou E, Scheithauer MO, Konstantinidis I,
Wiesmiller KM. Impact of menthol inhalation on nasal mucosal tem-
perature and nasal patency. Am J Rhinol. 2008; 22: 402-405.

45. Connell JT. Rhinometry: measurement of nasal patency. Ann Allergy.
1982; 49: 179-185.

46. Canbay EI, Bhatia SN. A comparison of nasal resistance in white
Caucasians and blacks. Am J Rhinol. 1997; 11: 73-75.

47. Samolinski BK, Grzanka A, Gotlib T. Changes in nasal cavity dimen-
sions in children and adults by gender and age. Laryngoscope. 2007;
117: 1429-1433.

48. Crouse U, Laine-Alava MT. Effects of age, body mass index, and gen-
der on nasal airflow rate and pressures. Laryngoscope. 1999; 109:
1503-1508.

49. Broms P. Rhinomanometry. III. Procedures and criteria for distinction
between skeletal stenosis and mucosal swelling. Acta Otolaryngol.
1982; 94: 361-370.

50. Kalmovich LM, Elad D, Zaretsky U, et al. Endonasal geometry
changes in elderly people: acoustic rhinometry measurements. J
Gerontol A Biol Sci Med Sci. 2005; 60: 396-398.

51. Sipilä J, Suonpää JT, Kortekangas AE, Laippala PT. Rhinomanometry
before Septoplasty: An Approach to Clinical Material with Diverse
Nasal Symptoms. Am J Rhinol. 1992; 6: 17-22.

52. Gordon AS, McCaffrey TV, Kern EB, Pallanch JF. Rhinomanometry
for preoperative and postoperative assessment of nasal obstruction.
Otolaryngol Head Neck Surg. 1989; 101: 20-26.

53. Gammert C, Hampl K, Herrmann P. [Normal values in rhinomanome-
try]. HNO. 1988; 36: 399-405.

54. Suzina AH, Hamzah M, Samsudin AR. Active anterior rhinomanome-
try analysis in normal adult Malays. J Laryngol Otol. 2003; 117: 605-
608.

55. Zapletal A, Chalupova J. Nasal airflow and resistance measured by
active anterior rhinomanometry in healthy children and adolescents.
Pediatr Pulmonol. 2002; 33: 174-180.

56. Straszek SP, Schlunssen V, Sigsgaard T, Pedersen OF. Reference val-
ues for acoustic rhinometry in decongested school children and adults:
the most sensitive measurement for change in nasal patency.
Rhinology. 2007; 45: 36-39.

57. Corey JP, Gungor A, Nelson R, Liu X, Fredberg J. Normative stan-
dards for nasal cross-sectional areas by race as measured by acoustic
rhinometry. Otolaryngol Head Neck Surg. 1998; 119: 389-393.

58. Millqvist E, Bende M. Reference values for acoustic rhinometry in
subjects without nasal symptoms. Am J Rhinol. 1998; 12: 341-343.

59. Millqvist E, Bende M. Two-year follow-up with acoustic rhinometry
in children. Am J Rhinol. 2006; 20: 203-204.

60. Warren DW, Hinton VA, Pillsbury HC, 3rd, Hairfield WM. Effects of
size of the nasal airway on nasal airflow rate. Arch Otolaryngol Head
Neck Surg. 1987; 113: 405-408.

61. Ottaviano G, Scadding GK, Coles S, Lund VJ. Peak nasal inspiratory
flow; normal range in adult population. Rhinology. 2006; 44: 32-35.

62. Klossek JM, Lebreton JP, Delagranda A, Dufour X. PNIF measure-
ment in a healthy French population. A prospective study about 234
patients. Rhinology. 2009; 47: 389-392.

63. Jalowayski AA, Yuh YS, Koziol JA, Davidson TM. Surgery for nasal
obstruction--evaluation by rhinomanometry. Laryngoscope. 1983; 93:
341-345.

64. Ricci E, Palonta F, Preti G, et al. Role of nasal valve in the surgically
corrected nasal respiratory obstruction: evaluation through rhino-
manometry. Am J Rhinol. 2001; 15: 307-310.

65. Pirila T, Tikanto J. Unilateral and bilateral effects of nasal septum
surgery demonstrated with acoustic rhinometry, rhinomanometry, and
subjective assessment. Am J Rhinol. 2001; 15: 127-133.

66. Broms P, Jonson B, Malm L. Rhinomanometry. IV. A pre- and post-
operative evaluation in functional septoplasty. Acta Otolaryngol.
1982; 94: 523-529.

67. Shemen L, Hamburg R. Preoperative and postoperative nasal septal
surgery assessment with acoustic rhinometry. Otolaryngol Head Neck
Surg. 1997; 117: 338-342.

006028_Holmstrom:et al. 04-07-2010 11:59 Pagina 6



Rhinometry for septal surgery 7

68. Larsen K, Kristensen S. Peak flow nasal patency indices and self-
assessment in septoplasty. Clin Otolaryngol Allied Sci. 1990; 15: 327-
334.

69. Cuddihy PJ, Eccles R. The use of nasal spirometry as an objective
measure of nasal septal deviation and the effectiveness of septal
surgery. Clin Otolaryngol Allied Sci. 2003; 28: 325-330.

70. Sipila J, Suonpaa J. A prospective study using rhinomanometry and
patient clinical satisfaction to determine if objective measurements of
nasal airway resistance can improve the quality of septoplasty. Eur
Arch Otorhinolaryngol. 1997; 254: 387-390.

71. Suonpää JT, Sipilä JI, Laippala PJ. Do Rhinomanometric Findings
Predict Subjective Postoperative Satisfaction? Long-term Follow-up
After Septoplasty. Am J Rhinol. 1993; 7: 71-75.

72. Pirila T, Tikanto J. Acoustic rhinometry and rhinomanometry in the
preoperative screening of septal surgery patients. Am J Rhinol
Allergy. 2009; 23: 605-609.

73. Dinis PB, Haider H. Septoplasty: long-term evaluation of results. Am
J Otolaryngol. 2002; 23: 85-90.

74. Jessen M, Köpman A, Malm L. Selection with and without
Rhinomanometry of Patients for Septoplasty. Am J Rhinol. 1989; 3:
201-205.

75. Jessen M, Malm L. The spontaneous course of nasal obstruction in
patients with normal nasal airway resistance. Clin Otolaryngol. 1991;
16: 302-304.

76. Thulesius HL, Thulesius HO, Jessen M. What happens to patients
with nasal stuffiness and pathological rhinomanometry left without
surgery? Rhinology. 2009; 47: 24-27.

Mats Holmström MD, PhD
Department of Otorhinolaryngology
Uppsala University Hospital
S-753 19 Uppsala
Sweden

Tel: +46-18-611 5368
Fax +46-18-611 5365
E-mail: mats.holmstrom@surgsci.uu.se

006028_Holmstrom:et al. 04-07-2010 11:59 Pagina 7


