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SUMMARY The diagnosis of occupational rhinitis (OR) must be better confirmed than in allergic rhinitis 
of other aetiology. A provocation test is required to confirm the causality between the disease 
and the work exposure. The purpose of this study has been to examine the feasibility of active 
anterior rhinomanometry and visual analogue scale in the diagnostics of OR, and to compare 
the results of these measurements to a nasal status change score. The study subjects hf1ve been 
50 consecutive patients suspected of having OR. Altogether 148 bilateral nasal prov?cation 
tests (NPTs), 55 placebo- and 93 allergen-NPTs, have been done. Based on the change in the 
nasal status and change in the nasal airway resistance (NAR), there are 42 positive NPTs. 
Although overlapping between placebo and allergen provocations exists, an increase of >50% 
in NAR is recommended to regard the result as positive in NPT. The evaluation of the nasal 
reaction in the NPT is mainly based on anterior rhinoscopy and the change in the status score, 
but OR diagnostics should also include some physiological measurement. 
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INTRODUCTION 

The diagnosis of allergic rhinitis in clinical practice is based on 
the patient's history and symptoms, and the clinical findings. If 
necessary, the diagnosis is confirmed with skin-prick or RAST 
testing. There may, sometimes, be controversy between the his­
tory and laboratory testing. As allergy medication nowadays is 
mostly well-tolerated, the diagnosis of uncomplicated allergic 
rhinitis and the prescription of medication can mainly be based 
on these criteria. 
The diagnosis of occupational rhinitis (OR) must be better 
confirmed than in allergic rhinitis of other aetiology. Thus, the 
diagnosis cannot only be based on the patient's history and 
laboratory tests. Few reports have been published on OR (Kup, 
1985; Kanerva and Vaheri, 1993) or its diagnostics (Blainey et 
al., 1981; Okuda et al., 1982; Gervais et al., 1985; Schwartz et al., 
1990). A positive provocation test is required to confirm the 
diagnosis and the causality between symptoms and signs of the 
disease and the work exposure. There are no standardized 
methods for the nasal provocation test (NPT), and different 
ways to perform the test have been reported (Holopainen et al., 
1976; Pipkom, 1988; Solomon and MacLean, 1989; Bachert et 
al., 1990; Druce and Schumacher, 1990). Reports on the use of 
NPT in clinical practice are scanty (Clarke, 1988). 
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Subjective symptoms cannot be the only criteria for a positive 
response in the NPT. There is often a need to transfer an 
employee having OR to a new job; sometimes, retraining is 
necessary. The question of financial compensation for the 
patient also arises, e.g. the costs of medication are paid by the 
insurance company. Thus, the diagnosis of OR must be better 
confirmed. This means that physiological measurements should 
be used in measuring the response in NPT. The use of rhino­
manometry in evaluating nasal patency in allergy medication 
research, NPT (Sipilii et al., 1990) and nasal surgery (Broms et 
al., 1982b) has been well documented. However, the use of 
rhinomanometry in the diagnostics of OR has been rarely repor­

ted. 
A patient having rhinitis symptoms associated with work com­
plains of varying symptoms. Most often, he/she has symptoms 
of an immediate allergic reaction: itching, sneezing, watery 
secretion, and blockage of the nose. However, the symptoms 
can also be more obscure, such as a feeling of blockage, dryness 
of the nasal mucosa or crusts in the nose. These symptoms 
often worsen towards the end of the week. The latter symptoms 
are typical for rhinitis of a non-allergic occupational aetiology 
that can be called "toxic rhinitis." NPT has little or no value in 
the diagnosis of toxic rhinitis. 
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Most of the diagnosed cases of OR are allergic diseases of the 
immediate type. The symptoms appear immediately after a sen­
sitized worker is exposed to the allergen. NPT is suitable for the 
diagnostics of OR if an immediate nasal reaction is suspected. 
The patients in this study have had symptoms of an immediate 
allergic reaction. 
This study reports a method of bilateral nasal provocation with 
occupational allergens, and rhinoscopic and rhinomanometric 
evaluation of the nasal response. The purpose of this study was 
to examine the feasibility of active anterior rhinomanometry 
(AAR) and visual analogue scale (VAS) in the diagnostics of 

OR, and to compare the results of these measurements to a 
nasal status change score. The purpose was also to compare the 
results ofNPT with the results of prick skin tests. 

MATERIAL AND METHODS 

The study subjects were altogether 50 consecutive rhinitis 
patients suspected of having OR, which were sent to our 
Institute. There were 29 women and 21 men, the average age 
was 39.8 years (range: 19-62 years). Careful working and expo­
sure histories were taken during the first visit. Skin prick and 
RAST tests were done according to the information obtained 
from the patient and his/her employer concerning the possible 
allergen exposure at work. Before the NPT, the patient was exa­
mined by the otorhinolaryngologist who later performed the 
nasal provocation tests. If, during the first visit, an infection or 
considerable mucous membrane oedema was noted, an ade­
quate treatment protocol was started. After infection, no provo­
cation was done until 3-4 weeks after controlled healing. Anti­
allergy medication was stopped early enough. 
Two to five nasal provocation tests were performed for each 
patient on consecutive days, and one test was performed daily 
between 10 a.m. and noon. Altogether, 148 NPTs were done. 
The test was done pseudo-randomly; the patient did not know 
which provocation material was tested until all the tests had 
been done. The provocation material was placed bilaterally onto 
the fronto-topical surface of the inferior turbinate. The choice 
of the test material was based on the patient's history and skin­
prick or RAST tests, or previously done NPTs. Table 1 shows 
the provocations done. 
The test series was started with placebo. Altogether 55 placebo 
tests were performed. The test material in the placebo tests was 
either prick control solution or NaCl plus lactose, depending on 
the allergen to be tested. In five cases the placebo test was repe­
ated to exclude possible hyperreactivity, as the patients had 
developed a strong positive local reaction after an allergen pro­
vocation. 
The application of allergen varied, depending on the material to 
be examined. In the tests for animal epithelium, acarus or 
molds, prick solutions (ALK, Copenhagen, Denmark) were 
used. A pressured cotton disk (diameter: 3 mm) was absorbed 
with two drops (approx. 120 ml) of allergen solution. If it was 
expected that cotton would cause a reaction itself (as in suspec­
ted cotton allergy), two drops of test solution were dropped 
onto the inferior turbinate. 
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Table 1. Number ofNPTs, positive prick or RAST, and positive NPTs 
in this study (NPTs: the total number of provocations done; prick- or 
RAST-positive: the number of provocations with positive prick or 
RAST test; positive NPTs: number of positive nasal provocation tests). 

tested allergen NPTs prick- or positive 
RAST-positive NPTs 

flours: 
wheat 15 7 9 
rye 12 5 9 
oat 5 1 2 

animal epithelium: 
pig, cow 9 2 5 
fox, mink 4 1 
laboratory rodents 3 2 3 

acarus 5 2 2 

molds 6 4 4 

wood dusts: 
domestic (spruce, pine, birch) 8 2 
foreign (mahogany, obeche, 
gabon, ash, oak) 5 

pine resin 2 

spices (white pepper, coriander, 
cinnamon, coffee bean, tobacco) 6 3 3 

textiles (silk, linen, rayon) 8 

flowers (freesia, rose) 3 

ammonium persulfate 2 

total 93 27 42 

To examine flours, wood dust or textile dust, a cotton disk was 
first moistened with 0.9% saline and then rolled in the flour or 
dust brought in by the patient from his working place. To test 
spices, a 1% NaCl solution was prepared by soaking in NaCl for 
24 h. A 1% solution was prepared for ammonium persulfate pro­
vocation. In the tests with flowers, the flower was first defatted 
with acetone, dried and after that a 1 % filtered solution was pre­
pared. For the NPT a 3-mm cotton disk was moistened in the 
solution. When a new allergen preparation for NPT was taken 
into use, at least five healthy controls were done to exclude the 
probable irritant effect of the solution. 
Anterior rhinoscopy was done and rhinorrhoea and nasal 
mucous membrane blockage of the both nasal cavities were 
scored separately, according to the scoring system in Table 2. 
The patient was asked to avoid blowing his/her nose and the 
status was scored every 10-15 min. The appearance of sneezing 
and itching were also noted. The test was continued for 30-45 
min. The cotton disks were then removed. No late responses 
were registered. The change in the nasal status score (i\1aiuJ was 
calculated: i\ia1us equals the sum of the total blockage and rhi­
norrhoea after the NPT minus the sum of the total blockage and 
rhinorrhoea before the NPT. The NPT was regarded as positive 
if the -1status was ;:::4 points. 
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Table 2. The scoring of nasal blockage and rhinorrhoea. 

rhinorrhoea: 
0: dry nasal mucous membrane 
1: slightly moist mucous membrane 
2: some mucus collecting at the bottom of the nasal cavity 
3: mucus dropping out of the nose 

blockage of the mucosa: 
0: no swelling (the bony configuration of the inferior turbinate is seen) 
1: slight mucous membrane swelling of the inferior turbinate 
2: moderate mucous membrane swelling (if there is no septal deviation, 

the inferior turbinate is close to the septum) 
3: the nasal cavity is (almost) completely obstructed 

lnspiratory nasal airway resistance was measured before and 
immediately after the NPT, using an active anterior rhinomano­
metry technique (Rhinomanometer NR6; Mercury, Glasgow) 

with Broms radius-200 method (Broms, 1982a). 
In 133 NPTs the nasal blockage was self-assessed by the patient 

with a 10-cm visual analogue scale. The ends of the scales were 
"the nose feels completely open" and "the nose feels complete­

ly obstructed." 
The prick test was considered positive if the skin patch reaction 

was >50% of that caused by histamine (10 mg/ml; Kanerva et 
al., 1991). If the patch size was <.50%, the prick test result was 
considered to be uncertain. The RAST test was positive if the 

lgE concentration exceeded 0.7 kU/1. 
For comparison, the provocations were divided into groups 

based on the prick or RAST test result done with NPT allergen: 
group "Neg": prick and RAST negative (n=58); group "Unc": 
prick and/or RAST uncertain (n=8); and group "Pos"; prick or 
RAST positive (n=27). Group "O" includes the placebo provoca­

tions (n=55). 
8NAR is the percentual change in the nasal resistance, and 8vAs 
equals VAS scale value after the NPT minus VAS scale value 
before the NPT. The statistical significances between the 

groups were tested by Mann-Whitney U test. Kendall rank cor­

relation coefficients (r.J between 8NAR> 8vAs and 6-tatus were cal­
culated. 

RESULTS 

No systemic reactions were observed during the NPTs, nor 
were late systemic reactions reported by the patient in any of 

the NPTs. 
Based on evaluation by anterior rhinoscopy the mean status in 
groups "O", ''Neg", "Unc" and "Pos", was 1.27 (minimal -2, 

maximal 3), 1.40 (minimal -3, maximal 7), 3.25 (minimal 0, 
maximal 6) and 4.67 (minimal 0, maximal 8), respectively. 

Groups "Pos" and "Unc" differed from groups "O" and ''Neg" 
significantly (p <0.05). The frequencies of the sums are summa­

rized in Figure 1. The number ofNPTs in which the 6-iatus was 
~4 in groups "O", "Neg'', "Unc" and "Pos" were 0155, 5158, 518 
and 21127, respectively. 
The NARs before each NPT are given in Figure 2. The mean 
nasal resistance- prior to NPT on the first day was 0.271 

Pa/cm3/s (n=50) and on the following days 0.265 Pa/cm3/s 
(n=50), 0.284 Pa/cm3 Is (n=38) and 0.256 Pa/cm3 Is (n=7), 
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respectively. The mean resistances before NPT did not differ 
from each other on the consecutive days. Neither were there 

significant differences in the mean NARs between the different 
groups before NPTs. 
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Figure 1. Change in the nasal status score after a nasal provocation test 
in different groups. Group "O": placebo provocation tests ; group "Neg": 
prick test done with provocation lest material negative; group "Unc": 
prick test uncertain; and group "Pos": prick test positive. 
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Figure 2. The distribution of nasal airway resistances before nasal pro­
vocation tests. 

In the placebo NPTs, the mean change in NAR was 11.6% 
(minimal -36.4, maximal 102.6). If the placebo testing was done 

with NaCl plus lactose (n=43), the mean change was 13.3% 
(minimal -36.4, maximal 102.6). With control prick solution 
(n=12), the mean NAR was 0.3% (minimal -29.2, maximal 31.5). 

In group "Neg" the mean increase was 33.7% (minimal -33 .6, 
maximal 288). In groups "Unc" and "Pos" the mean changes 

were 14.0o/o (minimal -33, maximal 51) and 83.l % (minimal -7.9, 
maximal 434), respectively. Although the means ofNAR in the 
different groups differed, there was considerable overlapping 

within the groups (Figure 3). In 9% (5155) of the placebo NPTs 
the NAR exceeded 50%. In five cases with repeated placebo 

tests no essential changes were seen in the status or in the NAR. 
Figure 4 shows the changes in the NAR in the provocations 

where the results according to the change in the status were 

positive (8status ~4; n=31) or negative (6-iatus <4; n=117). There 
was a significant (p <0.001) correlation with 8NAR measurement 

and 8vAs (n=l33). There was also a significant (p <0.001) corre­

lation with 8vAs and 8blockage> and 8blockage and 8NAR (n=133). 
The NPT was considered positive if either the status change was 
~4 points or the nasal resistance increased at least 50% and a 

change in the nasal blockage was seen. Based on the above-
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Figure 3. Percentual change in the nasal airway resistance (NAR) after 
a nasal provocation test. Group "O": placebo provocation tests; group 
"Neg": prick test done with provocation test material negative; and 
group "Pas": prick test positive. 
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Figure 4. Change in the nasal airway resistance after a nasal provoca­
tion test. Status negative: the change in the nasal status score was <4; 
status positive: the change in the nasal status score was ~4. 

mentioned criteria, there were 42 positive provocation tests. 
Thus, 45% of allergen NPTs were positive (Table l). lfthere was 
sneezing or the patients reported itching in the nose, this was 
considered to support the positive reaction, especially in cases 
with borderline response. In three allergen NPTs the test results 
were considered negative, although the nasal resistance incre­
ased over 50%, as no change was noted in the nasal status. 

DISCUSSION 

Occupational rhinitis (OR) is a disease that considerably 
worsens the quality of life and the ability to work properly. 
Often, allergic OR is also an early sign of respiratory disease. If 
the exposure to allergens persists, the disease may develop into 
asthma (Machiels et al., 1991). This makes it important to find 
the cause of OR in its early stages. In the diagnostics of OR, 
provocation tests are essential not only to confirm the diagnosis, 
but also to confirm the causality between symptoms and signs 
of the disease and exposure. The provocation test may also give 
an idea of the intensity of the allergic reaction in the nasal 
mucosa. 
A bilateral provocation is used, as it is more physiological 
(Okuda, 1977; Brooks et al., 1991) and resembles occupational 
exposure more than a unilateral test. The allergen used in 
occupational NPT should be the same, or as close as possible, to 
the material that the patient uses in his/her work. This means 
that there are many different test agents used in the different 
provocations. It is very time-consuming to do NPTs with 
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different concentrations or even to do many control tests at one 
concentration. 
As each NPT is done only with one allergen concentration, a 
false-negative NPT is possible. To minimize the possibility of 
false-positive reactions, five negative control-NPTs done with a 
new allergen are required to show that the test material itself 
does not cause a non-specific reaction. We have used glycerol­
based solutions, although it has been reported that glycerol may 
cause in the nasal mucosa a non-specific reaction more easily 
than solutions without glycerol (Haahtela and Lahdensuo, 1979; 
Mygind et al., 1986). The prick solution containing glycerol did 
not cause essential changes in the nasal status or in the NAR. 
Based on that finding it is possible to use these solutions in 
NPTs. Our NPT system seems to be safe, as there were no 
systemic effects in the NPT. 
The test was continued for 30 min when there was a clinically 
essential reaction, although in IgE-mediated allergy the reaction 
begins already within a few minutes after allergen exposure. If 
no reaction was noted, the test was discontinued after 45 min. 
NPTs with nasal status scoring have been done for 20 years at 
our Institute. The increase of four or more points in the status 
score has proved to be a feasible limit for a positive nasal 
reaction. A change of three points is considered to be un­
reliable, and a change of one to two points is not relevant. 
Sneezing and itching in the NPT can point to a positive reac­
tion. If present without changes or with only minor status chan­
ges, their value is uncertain in the diagnostics of occupational 
diseases. There is always the possibility of some degree of aggra­
vation of the symptoms in the NPT. It is important that the 
patient does not know the material to be tested. 
Active anterior rhinometry (AAR) was done routinely for all of 
our provocation patients. In some 5% of the cases the AAR 
could not be done due to the uncooperativeness. If the nasal 
reaction after the challenge is very strong, the watery secretions 
and the blockage of the nose may make the AAR difficult to 
perform reliably. However, in such cases the positive reaction is 
obvious even without NAR measurements. 
We had expected a greater increase in the NAR than was 
actually measured in the allergen NPTs. The low increase may 
be due to the fact that all of our patients suffer from perennial 
OR symptoms. Some mucous membrane swelling can be 
present continuously, so the increase of the mucous membrane 
swelling in NPT is less than, for example, in seasonal rhinitis. 
The allergen was put to a relatively small area and the change in 
the nasal mucosa can concentrate on the inferior turbinate. 
Thus, the change in the blockage measured by ~NAR can be 
small. It is also possible that the test material concentrations 
were too low. AAR is also prone to technical artifacts, even 
when done by an experienced nurse. 
The mean nasal resistances before NPT did not change in the 
consecutive days. However, this does not exclude the possible 
tachyphylactic or priming effect (Mygind and Lowenstein, 
1982), although we did not see any essential change in the five 
repeated placebo provocation tests. Although the mean ~NAR of 
the different groups differed, there was considerable over­
lapping between the groups (Figure 3). Thus, it is difficult to 
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choose the limit of ~NAR change needed to regard NPT as posi­
tive. We recommend an increase of 500/o or more as a limit for 
an significant change in the nasal resistance. 
There was a correlation between VAS, nasal blockage status 
and AAR measurements. This means that VAS can be used in 
NPTs to give information on the grade of the nasal blockage. 
Forty-two of the 93 NPTs done with allergen have given a posi­
tive result. However, as tested with skin prick test, only 27 /93 
give a positive result. This can partly be due to the fact that with 
increasing age the skin reactivity in prick tests decreases. 
Another reason might be that in occupational diagnostics the 
prick testing often has to be done with non-standardized 
extracts giving possible false-negative results. Over-evaluation 
of the nasal status change is also possible, resulting in false-posi­
tive NPTs. However, skin prick test and NPT do not measure 
the reactivity of the same organ. It is possible that an allergen 
causes only a local nasal reaction. 
The relatively high number of positive NPTs on symptomatic 
but no prick- or RAST-positive patients, emphasizes the impor­
tance of provocation tests in occupational disease diagnostics. 
Although the concordance of skin and blood tests with provo­
cation seems to be relatively good in asthma and allergic rhini­
tis (Rasanen et al., 1994) the diagnostics of OR cannot be based 
on these tests alone. The diagnosis of OR needs a positive expo­
sition history and a positive reaction in a provocation test. 
Positive skin-prick test and/or RAST can confirm the lgE­
mediated allergic aetiology. Although evaluation of the nasal 
reaction in the NPT is mainly based on anterior rhinoscopy and 
the change in the status score, the evaluation should include 
some physiological measurement, as AAR in this study. 

REFERENCES 
1. Bachert C, Berdel D, Enzmann H, Fuchs E, Gonsior E, Hofmann 

D, Keller H, Nitz U, Rudolph R, Rudiger W, Schlenter WW (1990) 
Richtlinien fiir die Durchfiihrung von nasalen Provokationstests 
mit Allergenen bei Erkriinkungen der obere Luftwege. Allergologie 
13: 53-55. 

2. Blainey AD, Graham VAL, Phillips MJ, Davies RJ (1981) Respiratory 
tract reactions to western cedar. Human Toxicol 1: 41-51. 

3. Broms P, Jonson B, Lamm CJ (1982a) Rhinomanometry. II. A 
system for numerical description of nasal airway resistance. Acta 
Otolaryngol (Stockh) 94: 157-168. 

4. Broms P, Jonson B, Malm L (1982b) Rhinomanometry. IV. A pre­
and postoperative evaluation in functional septoplasty. Acta 
Otolaryngol (Stockh) 94: 523-529. 

5. Brooks CD, Karl KJ, Francom SF (1991) Unilaterality of obstruc­
tion after acute nasal allergen provocation. Relation of allergen 
dose, nasal reactivity and the nasal cycle. Clin Exp Allergy 
21 :583-587. 

Hytonen & Sala 

6. Clarke PS (1988) Improved diagnosis and treatment of allergic 
rhinitis by the use of nasal provocation tests. Ann Allerg 60: 57-60. 

7. Druce MH, Schumacher MJ (1990) Nasal provocation challenge. 
Report of the Committee on Upper Airway Allergy. J Allergy Clio 
Immunol 86: 261-264. 

8. Gervais P, Ghaem A, Eloit C (1985) Occupational allergic rhinitis. 
Rhinology 23: 92-98. 

9. Haahtela T, Lahdensuo A (1979) Non-specific reactions caused by 
diluents containing glycerol in nasal and bronchial challenge tests. 
Clin Allergy 9: 225-227. 

10. Holopainen E, Tarkiainen E, Malmberg H (1976) Nasal challenge. 
Rhinology 14: 181-188. 

11. Kanerva L, Estlander T, Jolanki R (1991) Skin testing for immedia­
te hypersensitivity in occupational allergology. In: T Menne, HI 
Maibach (Eds.) Exogenous Dermatoses. CRC Press, Boca Raton 
(USA), pp. 103-126. 

12. Kanerva L, Vaheri E (1993) Occupational allergic rhinitis in 
Finland. Int Arch Occ Environ Health 64: 565-568. 

13. Kup W (1985) Industrial nasal problems. Rhinology 23: 99-100. 
14. Machiels JJ, Somville MA, Jacquemin MG, Saint-Remy JM (1991) 

Allergen-antibody complexes can efficiently prevent seasonal rhini­
tis and asthma in grass pollen hypersensitive patients. Allergen­
antibody complex therapy. Allergy 46: 335-348. 

15. Mygind N, Lowenstein H (1982). Allergy and other environmental 
factors . In: DF Proctor, I Andersen (Eds.) The Nose. Elsevier 
Biomedical Press, Amsterdam, p. 390. 

16. Mygind N, Borum P, Secher C, Kirkegaard J (1986) Nasal challen­
ge. Eur J Respir Dis 68: 31-34. 

17. Okuda M (1977) Basic study of nasal provocative test, first report: 
Side, site of the nose, size of site and allergen amount. Arch 
Otorhinolaryng 214: 241-246. 

18. Okuda M, Ohtsuka H, Sakaguchi, Tomiyama S, Ohnishi M, Usami 
A, Nakahara S, Yuge K (1982) Diagnostic standards for occupation­
al nasal allergy. Rhinology 20: 13-19. 

19. Pipkorn U (1988) Nasal provocation. Clin Rev Allergy 6: 285-302. 
20. Riisiinen L, Kuusisto P, Penttila M, Nieminen M, Savolainen J, 

Lehto M (1994) Comparison of immunologic tests in the diagnos­
tics of occupational asthma and rhinitis. Allergy 49: 342-347. 

21. Schwartz HJ, Arnold JL, Kingman PS (1990) Occupational allergic 
rhinitis in the hair care industry: Reactions to permanent wave solu­
tions. J Occupat Med 32: 473-475. 

22. Sipilii n, Suonpiiii IT, Salmivalli AJ, Laippala PT (1990) The effect 
of the nasal cycle on the interpretation of rhinomanometric results 
in a nasal provocation test. Am J Rhinology 4: 179-184. 

23. Solomon WR, McLean JA (1989) Nasal provocative testing. In: SL 
Spector (Ed.) Provocative Challange Procedures: Background and 
Methodology. Futura Publishing Company, Mount Kisco (USA), 
pp. 569-625. 

Maija Hytonen, M.D. 
Finnish Institute of Occupational Health 
Topeliuksenkatu 41 aA 
FIN-00250 Helsinki 

Finland 


