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Responsiveness and reliability of the Sinus Control Test in 
chronic rhinosinusitis*

Abstract 
Background: The Sinus Control Test (SCT) is a patient-reported questionnaire designed to help physicians identify sub-optimally 
controlled chronic rhinosinusitis (CRS). This study measures responsiveness to surgery and reliability of the SCT.  

Methodology: Adults meeting diagnostic criteria for CRS were recruited from rhinology clinics at a tertiary academic institution. 
To measure responsiveness, the SCT was administered at baseline and at least 3 months after surgery to 62 CRS patients. To mea-
sure reliability, the SCT was administered at two clinical encounters a maximum of 14 days apart to 22 CRS patients.

Results: Total SCT scores significantly improved from baseline to post-operative follow-up, and the distribution of patients with 
total SCT scores falling into the “uncontrolled,” “partially controlled,” and “controlled” categories before and after surgery were 
significantly different in the direction of improvement. The SCT met minimum standards for reliability and internal consistency as 
measured by: test-retest reliability coefficient, intra-class correlation coefficients, and item-total correlations. Cronbach’s α values 
with each item deleted were lower than the overall Cronbach’s α. The SCT captures the full range of disease control as measured 
by floor and ceiling effects. 

Conclusion: The SCT is responsive to surgical intervention and a reliable tool to monitor changes in CRS control levels.
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Introduction
Chronic rhinosinusitis (CRS) is a common disease of the sinona-
sal mucosa characterized by persistent inflammation. Long-term 
management of CRS includes treating repeat exacerbations 
and infections, which significantly impact morbidity. Through 
available treatments, the disease can often be managed, but 
patients fluctuate between various degrees of disease control(1). 
Clinical outcomes in CRS often revolve around optimizing 
patient symptoms and quality of life (QOL); however, measu-
res of disease control provide complementary information in 
understanding such clinical outcomes. For example, patient 
symptoms may be minimized, but if this requires prolonged 
courses of oral antibiotics and oral steroids, then CRS may not be 
truly well controlled despite outstanding QOL scores. The goal 
of CRS treatment is to maintain clinical control, defined as “a 

disease state in which the patients do[es] not have symptoms or 
the symptoms are not bothersome” and only the need for local 
medication (2)”. Correctly identifying when a patient is no longer 
controlled is necessary to facilitate the additional treatment or 
proper referrals required to maintain a stable disease state.
Control instruments are widely used in managing other airway 
disorders, such as asthma and rhinitis. Surveys have found that 
physicians and patients tend to overestimate asthma control, 
leaving a significant portion of patients with uncontrolled 
disease and tolerating manageable symptoms (3). As a result, gui-
delines from the National Asthma Education and Prevention Pro-
gram (NAEPP) advocate the use of asthma control instruments 
to better monitor variable disease course (3,4). These guidelines 
also make the distinction between quality of life instruments, 
which evaluate patient perception of disease impact, and 
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control instruments, which guide decisions around adjusting 
therapy and evaluating treatment response (3,4). For example, 
in asthma, patients who feel their lives are minimally impacted 
while frequently using rescue medications are at risk for future 
exacerbations, hospitalization, and intubation, which should 
be addressed by a physician. Therefore, control and quality of 
life instruments serve complementary but separate purposes in 
patient care. 
Chronic rhinosinusitis is also a highly variable disease, which 
requires a similar level of monitoring. The Sinus Control Test 
(SCT) was developed by Banglawala et al. to provide physicians 
with a brief, patient-reported tool to evaluate disease control 
in a clinical setting (5). The SCT is a 4-item questionnaire that 
evaluates severity of nasal obstruction and nasal discharge 
as well as productivity loss and medication use. Scores range 
from 0-16 and categorize patients as “controlled,” “partially 
controlled,” and “uncontrolled.” Items in the SCT were selected 
based on systematic review, focus groups of CRS patients, and 
input from multi-disciplinary (rhinology, allergy, pediatrics, and 
primary care) experts (5). In an initial paper, the SCT met validity 
criteria and was shown to correlate with standard disease 
measurements such as the Sinonasal Outcome Test (SNOT-22), 
Lund-Kennedy endoscopy score, and physician assessment. 
In a recent review on the quality of patient-reported outcome 
metrics (PROMs) in CRS, the SCT fulfilled criteria for reporting 
of developmental properties; however, several psychometric 
properties are yet to be reported (6). The main objective of this 
study was to examine the responsiveness of the SCT to surgical 
intervention. The secondary aims were to examine test-retest 
reliability, internal consistency, and floor/ceiling effects, as well 
as to explore factors impacting change in SCT scores.

Materials and methods
Study population
Adults (≥ 18 years) meeting diagnostic criteria for CRS as defined 
by current Clinical Practice Guideline (CPG) of the American 
Academy of Otolaryngology-Head and Neck Surgery (AAOHNS) 
(7) and the European Position Paper on Rhinosinusitis and Nasal 
Polyps (EPOS2012)(2) were enrolled from rhinology clinics at 
the Medical University of South Carolina (MUSC). All included 
patients provided written informed consent and were literate in 
English. The Institutional Review Board at MUSC approved the 
study (Pro #14124). All patients electing to undergo endosco-
pic sinus surgery (ESS) had persistent symptoms despite initial 
medical management consisting of at least one course of oral, 
broad spectrum or culture- directed antibiotics for at least 14 
days with either a minimum 3 weeks of topical steroid sprays 
or 5 days of systemic corticosteroid therapy. Extent of surgical 
treatment was left to the surgeon’s discretion.
Demographic information and history of co-morbidities was col-
lected by patient-self report and medical chart review. Baseline 

computed tomography (CT) scan was scored using the Lund-
Mackay staging system (8). Nasal endoscopy was obtained and 
scored using the Lund-Kennedy staging system at each clinic 
visit (9).

Responsiveness
Responsiveness is the ability of a PROM to detect clinically sig-
nificant change over time and was assessed by comparing SCT 
scores before and after ESS (6). Patients completed the Sino-Nasal 
Outcome Test (SNOT-22), consisting of 22-symptom related 
items on a 0-5 Likert scale (10), and Sinus Control Test (SCT) at 
baseline and at 3-month post-operative visit or after. If patients 
were not able to come into physician’s office for follow-up visit, 
SCT and SNOT-22 were collected by phone call or by electronic 
mail survey administered through the Research Electronic Data 
Capture (REDCap) database. Paired t-tests were used to compare 
pre- and post-surgical SCT and SNOT-22 scores. Distributions of 
SCT categories were compared using the Pearson chi-square test 
or Fisher’s exact test.

Reliability
Test-retest reliability, which measures the stability of PROMs 
over time, was assessed by correlating responses to question-
naires administered at two time points between which the 
disease does not significantly change (6). Patients completed the 
questionnaires at two separate clinical encounters, a maximum 
of 14 days apart, without intervening changes in treatment. 
Pearson’s correlation coefficient was used to quantify relation-
ship between test-retest scores, and the threshold for accep-
tability was set at ≥ 0.70 (6). In addition, intra-class correlation 
coefficients (ICC) were used to measure the score reproducibility 
of each individual question. Threshold for acceptability was 
defined as 0.4-0.8, with scores > 0.8 indicating near perfect 
agreement (11).

Internal consistency
Internal consistency, considered another measurement of 
reliability, indicates the degree to which separate items in a 
PROM measure the same underlying construct (6). Item-total 
correlations, which measure the correlation between individual 
items and the total score, overall Cronbach’s α, and Cronbach’s α 
with each item deleted were calculated before and after surgery. 
Threshold for acceptability for item-total correlations and Cron-
bach’s α is 0.4 and 0.7, respectively (6,12).

Floor and ceiling effects
Floor and ceiling effects measure the ability of a PROM to 
represent the full spectrum of a construct and were assessed 
by determining the percentage of patients who obtained the 
highest or lowest possible scores (6). The threshold for acceptabi-
lity was set at <15% (6). 
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selection stepwise procedure were no longer considered to be 
correlates of change in SCT. Resulting regression coefficients (β) 
and standard errors (SEs) were used to estimate linear changes. 
Statistical significance was set at <0.05. 

Results 
Study population
There were a total of 77 patients with CRS included in the study, 
of which 31 were CRSwNP (40.3%). The sample was 54.6% male 
and 45.5% female with a mean age (standard deviation) of 50.1 
years (15.6). Baseline demographic, co-morbid, and disease 
severity metrics of all study participants are shown in Table 1.  

Responsiveness
Sixty-two patients completed the SCT and SNOT-22 before and 
after surgery. The mean duration of post-operative follow-up 
was 6.50 ± 4.3 months (range: 2.5-21). Global SCT scores of 
patients undergoing ESS improved from 8.9 ± 3.8 to 4.6 ± 3.5 (p 
<0.001) (Table 1). The percentage of patients whose total SCT 
score fell into the “uncontrolled,” “partially controlled,” and “con-
trolled” category before and after surgery was 30.6% vs 4.8%, 
58.1% vs 48.4%, and 11.5% vs 46.8%, respectively, and these 
distributions were significantly different (p = 0.002) (Table 2). 
Change in SCT score and change in SNOT-22 score after surgery 
were significantly correlated (Rp = 0.480, p <0.001). Only age 
and baseline SCT score were found to be significantly associ-
ated with change in SCT score on bivariate analysis (Table 3). 
Importantly, the baseline SNOT-22 did not impact change in SCT 
after surgery.  When age and baseline SCT score are both placed 
in the model using multiple linear regression, age becomes non-
significant (p = 0.686). After adjusting for age, on average, for a 
one-unit increase in baseline SCT score, change in SCT increases 
by 0.55 (standard error: 0.10; t-statistic: 5.57; p < 0.001). 

Reliability
Twenty-two patients completed the questionnaires at two 
separate visits. The test-retest scores of patients were positively 
correlated to each other (Rp = 0.782, p < 0.001). A scatter plot 
depicting this relationship is shown in Figure 1. The ICC for each 
SCT question ranged from 0.518-0.868 and are shown in Table 4. 

Data storage and statistical analysis
Data were compiled into a REDCap using double data-entry pro-
cesses to ensure data integrity. All data analysis was performed 
using SPSS 22.0 (IBM Corporation, Armonk, NY, USA). Demograp-
hic information, co-morbidities, SNOT-22 scores, and SCT scores 
were assessed using descriptive statistics. Continuous variables 
were compared between two groups using independent-sam-
ples t-tests or Mann-Whitney U tests. Categorical variables were 
compared using the Pearson chi-square test or Fisher’s exact 
test. Change was defined as the difference between pre-surgical 
and post-surgical SCT scores and SNOT-22 scores. To deter-
mine correlates of change in SCT after surgery, bivariate linear 
regression was performed with comorbidities and demograp-
hic variables. Correlates that were associated with change in 
SCT (p < 0.10) were then placed in a multiple linear regression. 
Variables that lost significance (p < 0.05) using the backward 

Table 1.  Demographic, co-morbid, and disease severity characteristics of 

study population.

Mean (SD)
n (%)

Demographics

Age 50.1 (15.6)

Sex
Male 42 (54.6)

Female 35 (45.5)

Race
White 63 (81.8)

African American 14 (18.2)

 Ethnicity
Non-Hispanic 75 (97.3)

Unknown 2 (2.7)

Co-morbidities

Nasal Polyposis 31 (40.3)

Allergy (by history) 12 (15.6)

Asthma 16 (20.8)

Diabetes 8 (10.5)

Depression (by history) 8 (10.4)

COPD 3 (3.9)

Fibromyalgia 2 (2.6)

Measures of Disease Severity

LM CT Score 12.2  (6.2)

SNOT-22 (Pre-surgical) 56.2 (23.5)

SNOT-22 (Post-surgical) 24.6 (18.7)

LK Endoscopy Score (Pre-surgical) 7.6 (3.9)

LK Endoscopy Score (Post-surgical) 4.0 (3.1)

SCT (Pre-surgical) 8.9 (3.8)

SCT (Post-surgical) 4.6 (3.5)

COPD: Chronic Obstructive Pulmonary Disease; LM CT: Lund-Mackay 

Computed Tomography; SNOT-22: Sinonasal Outcome Test; LK: Lund-

Kennedy; SCT: Sinus Control Test  

Before Surgery 
Frequency (%)

After Surgery 
Frequency (%)

P-value

Controlled 7 (11.5) 29 (46.8)

Partially 
Controlled 36 (58.1) 30 (48.4) 0.002

Uncontrolled 19 (30.6) 3 (4.8)

Table 2. Differences in control status before and after surgery.
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Internal consistency
The item-total correlation for each question ranged from 0.426-
0.624 before surgery and 0.550-0.737 after surgery (Table 4). 
Before surgery, the overall Cronbach’s α was 0.732 and if any one 
item was deleted it ranged from 0.609 to 0.735. After surgery, 
the overall Cronbach’s α was 0.782 and if any one item was 
deleted it ranged from 0.716-0.750 (Table 4).

Floor and ceiling effects 
Before surgery, 4 patients (6.2%) achieved the highest or lowest 
possible score. After surgery 3 patients (5.4%) achieved the 
highest or lowest possible score. 

Discussion
This paper demonstrates that the SCT is reliable, internally con-
sistent, and responsive to changes after surgical treatment. The 
test-retest reliability (0.782) was above threshold for acceptabili-
ty (≥ 0.70) and similar to values reported for previously establis-

hed control tests in asthma and rhinitis (13,14). The reliability of 
each individual item of the SCT as measured by the ICC was also 
above the accepted value of 0.40. For internal consistency, the 
overall Cronbach’s α score was above 0.70 before and after sur-
gery, suggesting the composite SCT consists of individual items 
measuring highly related concepts. The Cronbach’s α values with 
each item deleted are lower than the overall Cronbach’s α, il-
lustrating that the composite questionnaire is more reliable than 
with any one item deleted. Of note, item 4 showed negligible 
increase in Cronbach’s α when deleted in the pre-surgical group. 
We also found the SCT to be able to capture the full spectrum 
of control levels since <15% of patients achieved the highest 
or lowest possible scores before and after surgery. With the 
addition of this new data, the SCT meets criteria for high quality 
in terms of PROM development and validation, as described in 
the systematic review on quality of PROMs in CRS patients by 
Rudmik et al. (6). 
The SCT accounts for sinonasal and systemic symptoms plus 

Table 3. Change in SCT after surgery and associations between demo-

graphics and co-morbidities.

Figure 1. Test-retest reliability.

Mean (SD) Correlation P-Value

Age -0.277 0.029

Sex Male 3.7 (3.2)
0.133

Female 5.2 (4.3)

Race White 4.3 (4.0)
0.812African 

American 4.6 (2.6)

Nasal Polyp 
Status

 CRSsNP 4.2 (3.7)
0.770

 CRSwNP 4.5 (4.0)

Allergy  Yes 5.7 (2.4)
0.306

 No 4.2 (3.9)

Asthma  Yes 4.7 (3.5)
0.742

 No 4.37 (3.8)

Diabetes  Yes 2.4 (3.4)
0.198

 No 4.7 (3.7)

Depression Yes 3.8 (5.5)
0.898

No 4.4 (3.6)

COPD Yes 1.3 (5.9)
0.265

No 4.5 (3.6)

Fibromyalgia Yes 3.5 (3.5)
0.715

No 4.4 (3.8)

LM CT Score -0.005 0.968

SNOT-22 Score (Pre-surgical) 0.157 0.235

LK Endoscopy Score (Pre-surgical) -0.129 0.344

SCT Score (Pre-surgical) 0.584 <0.001

COPD: Chronic Obstructive Pulmonary Disease; LM CT: Lund-Mackay 

Computed Tomography; SNOT-22: Sinonasal Outcome Test; LK: Lund-

Kennedy; SCT: Sinus Control Test.

Figure 2. The sinus control test.



43

Responsiveness of the Sinus Control Test

medication use and can help clinicians detect sub-optimally 
controlled CRS (15). The Asthma Control Test (ACT), a conceptu-
ally similar tool for asthmatics, has been shown to help physi-
cians detect uncontrolled asthma and appropriately increase 
treatment (16). This type of control test is particularly important 
in primary care settings where physicians continue to see higher 
volumes of patients, and specialized procedures, such as nasal 
endoscopy, are not routinely performed. Since primary care phy-
sicians are often relied upon to identify disease exacerbations, 
the SCT in this setting may be especially helpful. Examining the 
percentages of patients in each SCT category before and after 
surgery (Table 2), the majority of patients remain in the partially 
controlled category, even after ESS. This is understandable con-
sidering the chronic and relapsing nature of sinusitis but further 
exemplifies why it is necessary to monitor disease control in this 
population - administration of the SCT could identify when “par-
tially controlled” patients warrant referral or step-up medication.
The SCT provides complementary information to existing qua-
lity of life instruments. Change in SCT scores were found to be 
independent of demographics and co-morbid conditions listed 
in Table 3. Though age was significantly correlated to change 
on bivariate analysis, upon controlling for baseline SCT score, it 
was no longer significant. This illustrates an example of how the 
SCT could provide additional data on disease state since many 
PROMs are impacted by co-morbidities like depression and 
allergy (17–20). Furthermore, pre-surgical SCT scores were corre-
lated with change in SCT whereas pre-surgical SNOT-22 scores 
were not, suggesting an inherent difference in the elements 
of disease being measured. Yet, change in SCT was correlated 
to change in SNOT-22, demonstrating that there is still some 
overlap in how each is affected by surgery. One can imagine 
a scenario in which a patient on steroids and antibiotics feels 
well, elevating quality of life scores, but use of such medications 
indicates uncontrolled disease, which would be accounted for 
using the SCT. 
Limitations to consider include that this was a single instituti-
onal study on patients who presented to a tertiary care rhino-

logy clinic, which limits the generalizability of the results to 
those with milder disease and those living in other geographic 
locations. We also did not look at the responsiveness of the 
SCT in patients before and after medical treatment, which is an 
area of further study. It is also unknown how the SCT correlates 
with physician decision-making with regards to treatment. 
Thus, further study is needed to determine if routine use of the 
SCT improves treatment outcomes across CRS populations. In 
addition, the ACT has been cross-culturally validated in several 
populations world-wide, and similarly, the SCT maybe especially 
useful in developing countries where resources are limited and 
patient-reported metrics are often the main methods of guiding 
therapy.

Conclusion
The SCT is a brief, validated questionnaire that was developed to 
help physicians monitor changes in the control of CRS that may 
warrant change in therapy. It has been shown to be a reliable 
and responsive tool to assess control of CRS symptoms. Future 
studies are needed to determine if the SCT leads to improved 
treatment outcomes when routinely administered in primary 
care and rhinology clinics. 
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Pre-surgical n=76 Post-surgical n=62

ICC n=22 Item-total correlation Cronbach’s α with 
item deleted

Item-total correlation Cronbach’s α with 
item deleted

Q1 (nasal obstruction) 0.518 0.586 0.681 0.737 0.716

Q2 (nasal discharge) 0.765 0.624 0.609 0.599 0.727

Q3 (productivity) 0.868 0.560 0.650 0.550 0.750

Q4 (medication use) 0.724 0.426 0.735 0.599 0.726

Overall Cronbach’s α 0.732 0.782

Table 4. Reliability statistics.

ICC:  intra-class correlation coefficient; Q: question 
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