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Abstract
Introduction. The diagnostic value of salivary gland scintigraphy (SGS) in Sjögren’s syndrome (SS) is not completely known.
Whether qualitative or quantitative methods of SGS interpretation are the most appropriate remains a matter of debate. We
sought to determine whether the diagnostic discrimination of quantitative excretion fraction is higher compared to SGS
qualitative visual analysis in a cohort of subjects with suspected SS.

Materials and methods. Cross-sectional study that encompassed 204 subjects who underwent SGS for potential SS
diagnosis. Based on clinical judgement, three groups were established: SS, non-SS autoimmune diseases (AID non-SS) and
neither SS nor other AID (non-AID). In addition, American-European Consensus Group -AECG- and American College of
Rheumatology -ACR- criteria were applied. Qualitative diagnosis through visual analysis -normal vs. abnormal and Schall’s
classi�cation grade- and semiquantitative and quantitative excretion fraction (EF%) scores were established following SGS
assessment. The diagnostic discrimination of the different SGS scores for the various SS diagnostic modalities (clinical
judgement and AECG and ACR criteria) was compared through their areas under the curve (AUC).

Results. Most SGS parameters were signi�cantly associated with SS-related clinical and laboratory features. Schall’s grade 
≥ III was signi�cantly more frequent in SS than in non-SS patients. In general, EF%-derived parameters did not show
signi�cant differences between groups. AUC of Schall’s classi�cation reached statistical signi�cance in its diagnostic
discrimination for SS clinical judgement (AUC 0.704 [95%CI 0.597–0.811], p = 0.000) and AECG criteria (AUC 0.764 [95%CI
0.641–0.886], p = 0.000). Similarly the EF% submandibular mean (AUC 0.737 [95%CI 0.546–0.931] p = 0.032) was
signi�cantly associated with SS diagnosis through ACR criteria. However, AUC comparisons between qualitative and
quantitative methods did not yield signi�cant values.

Conclusion. SS diagnostic discrimination of EF% is not superior to that obtained by qualitative visual analysis.

Introduction
Sjögren's syndrome (SS) is a chronic autoimmune in�ammatory disorder characterized by exocrine glandular tissue
involvement. SS has therefore been considered an autoimmune epithelitis in which the main target is salivary glands (1).
Xerostomia is the most common clinical manifestation of salivary gland involvement in SS (2). However, xerostomia is a
nonspeci�c symptom with a prevalence that ranges from 12 to 30% in the general population (3). Moreover, xerostomia
correlates poorly with glandular involvement (4) and, in many cases, it does not stem from parenchymal damage
(xerostomia vera) but rather from psychogenic or pharmacological causes (xerostomia spuria) (3). Besides, xerostomia vera
is a symptom that typically manifests late during the disease, as it can go unnoticed until a 50% decrease of saliva secretion
volume has occurred (3).

Among the currently accepted techniques to evaluate salivary gland involvement in SS, salivary gland scintigraphy (SGS)
addresses it from a functional perspective. It is the only method that facilitates identi�cation of cases with xerostomia vera
and that provides information regarding the distribution and severity of the glandular dysfunction in the four major glands
all in a single procedure (4). However, SGS qualitative interpretation based on the visual analysis proposed in the American-
European Consensus Group (AECG) criteria for SS (5) has been criticized (6). Its subjective interpretation and the procedure’s
lack of standardization make it an observer-dependent technique, with only moderate degrees of concordance in previous
reports (7). In an attempt to overcome this limitation, different quantitative indices derived from SGS time-activity curves
have been proposed. However, those studies that have analyzed them are very heterogeneous, limiting any generalization of
their conclusions (8–16). Although no consensus has been reached regarding which indices would be more appropriate in
the SS diagnosis, some authors have suggested that those based on excretion would be the most useful during the early
stages of the disease, particularly the percentage stimulated excretion fraction (EF%) (6, 13).
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In the present study, we aimed to determine if the EF% diagnostic discrimination is higher compared to that of the SGS visual
analysis in a cohort of subjects with suspected SS. We additionally sought to establish whether SGS is related to clinical and
laboratory features of SS.

Materials And Methods

Subjects
In this study, all patients who had been referred to the Rheumatology Division of the Hospital Universitario de Canarias due
to suspected SS between 2006 and 2012 and who had undergone SGS were selected. Recruitment was halted in 2012 when
the American College of Rheumatology (ACR) published its classi�cation criteria for SS, in order to minimize selection
and/or indication biases. These criteria did not take SGS into account, but only salivary gland biopsy when assessing oral
involvement (17), a fact that might have in�uenced rheumatologists. Two hundred and seventy-two patients had undergone
an SGS at the Nuclear Medicine Division of the Hospital Universitario de Canarias during that time frame. Fifty-seven cases
not referred due to suspected SS, 11 patients who had already been diagnosed with SS, and 9 whose medical data were not
available were excluded. Of the 195 patients included, most had been referred to a rheumatologist because of dryness
symptoms (28%), musculoskeletal manifestations (21%) or abnormal laboratory �ndings (24%). Other less frequent causes
were skin manifestations (7%), salivary glandular alterations (3%), ocular symptoms (3%), and other features that from the
primary care physician’s point of view were suspicious of connective tissue diseases (6%). After SGS was performed,
patients were evaluated under standard clinical practice conditions to determine if the SS diagnosis was applicable. Patients
were therefore categorized as SS or non-SS. According to the rheumatologist’s clinical judgment, 81 patients were diagnosed
with SS (52 primary forms, 23 secondary forms and 6 probable forms). The diagnosis among the non-SS subjects were as
follows: other autoimmune diseases (28 undifferentiated forms (18), 18 de�ned forms, and 12 organ-speci�c forms), 28
non-autoimmune diseases, and 17 cases with non-speci�c manifestations. In the remaining 11 subjects diagnostic data
were not available.

Data acquisition
Information was collected by reviewing patient records, using the SGS date as the time reference: i) demographic and
medical data, including conditions listed as exclusion criteria in the AECG (5) and/or the ACR (17) SS classi�cation criteria,
sicca symptoms and salivary gland swelling and their evolution time, dry-mouth and/or salivary dysfunction-related
diseases and drugs (19, 20), and clinical diagnosis; ii) laboratory data: ANA (HEp-2) and its speci�cities (ENA) (Western-blot),
double-stranded anti-DNA antibodies (Crithidia lucilliae and ELISA), rheumatoid factor, gammaglobulinemia and
immunoglobulins, erythrocyte sedimentation rate, complement levels, hepatitis B, C and HIV serology; iii) Schirmer I test, in
vivo ocular stains and lip salivary gland biopsy (obtained by a 4-mm punch incision (21) and graded according to the
Chisholm and Mason scoring system (22)); iv) SS classi�cation criteria ful�llment: AECG (5), ACR (17), and an AECG criteria
variant, which requires the same score to be classi�ed but does not allow use of SGS component. This was consistent with
the methods similarly applied by other authors (11, 12). Medical data on ocular evaluation were accessible in 132 cases. Lip
salivary gland biopsy was performed in 71 patients. The median time between these two tests and the SGS was 1
(interquartile range [IQR] -2-9) and 2 (IQR − 1–5) months, respectively. Of the 137 patients with available data on EF%, AECG
criteria was ful�lled in 81 subjects (38 primary SS, 8 secondary SS and 35 non-SS). Non-SGS AECG criteria variant was
ful�lled in 74 subjects and the ACR criteria in 32 (15 primary SS, 17 non-SS). Insu�cient data prevented classi�cation in the
remaining cases.

SGS assessment
SGS was performed with the patient in the supine position and Water’s projection after intravenous injection of 370 MBq
(10 mCi) of 99mTc. A single-headed gamma camera (Philips-Adac Vertex Plus Epic) was used with parallel front and rear
collimators. Images were collected onto a 64 × 64 pixels matrix at 1 second/frame during the �rst minute and 2
seconds/frame during the remaining 29. In the 15th minute salivary excretion was stimulated by administering 10 ml of
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lemon juice. Regions of interest were manually drawn on summed dynamic images: one for each parotid and
submandibular gland and one on the cranial vault as the background reference. Once the background activity was
subtracted, time-activity curves were generated, from which EF% was obtained. EF% refers to the saliva percentage
contained in the salivary glands that is excreted into the oral cavity in response to the stimulus (100x[1-(minimum post-
stimulus net counts/maximum pre-stimulus net counts)]) (23). Qualitative diagnosis, normal vs. abnormal and Schall’s
classi�cation grade, was assessed through visual analysis. Schall’s classi�cation, as previously described, consists of:
grade I (normal uptake, concentration and excretion of the tracer), grade II (mild to moderate delayed and/or reduced uptake
and/or concentration of the tracer), grade III (markedly delayed and reduced concentration and excretion of the tracer) and
grade IV (complete absence of an active concentration) (4, 24). In addition, EF% values for each gland were used to calculate
parotid, submandibular and overall glands means and the semi-quantitative index score proposed by Shizukuishi (14) and
other authors (25). No patients had undergone radiotherapy and/or chemotherapy prior to the SGS assessment. Data on 4
submandibular glands (3 right-sided and 1 left-sided) were not obtainable due to sialectomy, and in one patient data on both
parotids were missing. Schall’s classi�cation grade was determined in 147 cases. EF% values were available in the Nuclear
Medicine reports of 137 of the 195 cases included in the study. Those were the cases analyzed for statistical purposes.

Statistical analysis
Demographic and clinical characteristics of patients with SS and non-SS subjects were described as mean ± standard
deviation or percentages for categorical variables. For non-normally distributed continuous variables, data were expressed
as a median and IQR. Univariate differences between patients and controls were assessed through T Student, U Mann-
Whitney, Chi squared or Fisher Exact tests according to normal distributions or number of subjects. Associations between
different SGS parameters and SS-related features were analyzed through logistic and linear univariable regressions. SGS
diagnostic discrimination with respect to SS diagnosis was analyzed by the area under the curve (AUC). Differences between
AUCs were calculated using the DeLong method (26). Cut-off points for EF% were selected by calculating the Youden index.
Diagnostic e�ciency through sensitivity (S), speci�city (E) and positive likelihood ratio (LHR+) were determined for each
SGS parameter. All the analyses used a 5% two-sided signi�cance level and were performed using SPSS software, version 21
(IBM, Chicago, IL, USA) and STATA software, version 15/SE (Stata Corp., College Station, TX, USA). A p value < 0.05 was
considered statistically signi�cant.

Results

Cohort characteristics
Table 1 shows the differences between the SS and non-SS patients analyzed in our study. In summary, SS and non-SS
patients were comparable in terms of sex, age, and current smoking but most sicca syndrome-related data were more
frequently observed in SS patients. In this sense, although dry-mouth and dry-eye symptoms were not more prevalent in SS
patients, major salivary gland swelling (63% vs.20%, p = 0.009), a positive lip salivary gland biopsy (57% vs 13%, p = 0.001),
and a positive ocular test (83% vs. 55%, p = 0.004) were more common in patients with SS. Only 15% of the patients with
xerostomia had been referred more than one year since onset, with no evident differences between SS and non-SS patients
(10% vs. 18%, p = 0.27) (data not shown).

Regarding xerostomia-related comorbidities, no differences were found in thyroid gland disease, other organ-speci�c
autoimmune diseases, and other dry-mouth related diseases or dry-mouth related drugs. However, patients with SS
experienced more non-SS systemic autoimmune diseases (28% vs. 11%, p = 0.001). Lastly, as might have been expected,
patients with SS more frequently exhibited laboratory abnormalities such as the presence of rheumatoid factor,
hypergammaglobulinemia, ANA positivity, and the presence of both anti-SSA/Ro and anti-SSB/La antibodies.

Salivary gland scintigraphy results
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The differences in SGS results between SS and non-SS patients are shown in Table 2. In this analysis, non-SS patients were
divided in non-SS autoimmune diseases (AID non-SS) and neither SS nor other AID (non-AID) subjects. Accordingly,
comparisons were made between SS and AID non-SS, and between SS and non-AID groups. Interestingly, in all groups, both
the submandibular and parotid glands were dysfunctional in most patients. Dysfunction of just one glandular type,
submandibular or parotid, was more frequent in the non-AID than in the AID non-SS group (45% vs. 24%, p = 0.20) and in the
non-AID than in the SS group (45% vs. 26%, p = 0.15), although statistical signi�cance was not reached (data not shown).

Regarding qualitative visual analysis, SGS was more frequently abnormal in SS patients compared to the other groups. In all
groups, uptake dysfunction was more common than excretion dysfunction. Speci�cally, all patients with SS showed uptake
dysfunction. Furthermore, severe forms (Schall’s grade ≥ III) were more common in SS patients and were signi�cantly more
frequent than in the non-SS AID (61% vs. 21%, p = 0.000) and in the non-AID (61% vs. 17%, p = 0.000) groups.

Concerning EF%-derived parameters, although SS patients presented, in general, lower EF% values, differences were only
signi�cant in the comparison of SS and non-AID groups for the right submandibular gland (27 [IQR 11–41] vs. 43 [IQR 26–
48] %, p = 0.014) and for the EF% submandibular mean (30 [IQR 15–44] vs. 40 [IQR 26–52] %, p = 0.030). No differences were
found in the remaining comparisons between groups in other EF% gland values. Regarding semi-quantitative index scores,
patients with SS disclosed a higher value (4 [IQR 2–6] vs. 3 [IQR 1–5] points, p = 0.026) in the submandibular score.
Although a trend was found, no difference was statistically signi�cant in the overall glands score comparison between
patients with SS and non-AID subjects (6 [IQR 2–9] vs. 4 [IQR 1–8] points, p = 0.13). .

Association between SGS parameters and Sjögren's syndrome-related
features
Remarkably, the presence of dry-mouth and dry-eye symptoms and positive ocular tests were not associated with any of the
SGS analysis modalities. Lip salivary gland biopsy disclosed a trend in its relation with EF% semi-quantitative index scores
although, in this case, statistical signi�cance was not reached. Submandibular EF%-derived parameters were associated
with ANA ≥ 1/320 (beta coef. 1.12 [95%CI 0.29–1.92] points, p = 0.008), anti-SSA/Ro antibodies (beta coef. 0.83 [95%CI
0.02–1.64] points, p = 0.046), rheumatoid factor (beta coef. 1.14 [95%CI 0.35–1.94] points, p = 0.005),
hypergammaglobulinemia (beta coef. 0.98 [95%CI 0.19–1.77] points, p = 0.016), and major salivary gland swelling (beta
coef. 1.38 [95%CI 0.13–2.63] points, p = 0.031). Similarly, the overall glands semi-quantitative index score was associated
with major salivary gland swelling. Among variables derived from visual analysis, Schall’s grade ≥ III reproduced the same
associations as the submandibular EF%-derived parameters, except for major salivary gland swelling (Table 3).

Salivary gland scintigraphy data in discriminating patients with
Sjögren's syndrome
Table 4 shows the receiver operating curve (ROC) analyses of different SGS modalities according to various SS diagnostic
criteria. In this sense, the AUCs for SGS visual analysis, both for presence of abnormalities and Schall’s classi�cation,
reached statistical signi�cance in their discrimination for the SS clinical judgement (Schall’s classi�cation AUC 0.704 [95%CI
0.597–0.811], p = 0.000) and AECG criteria (Schall’s classi�cation AUC 0.764 [95%CI 0.641–0.886], p = 0.000). However, no
statistical signi�cance was found for the non-SGS AECG criteria variant, nor for the ACR criteria when this visual analysis
was considered. AUCs for the AECG criteria were signi�cant for all the SGS analysis modalities. However, these associations
were lost when the analysis was performed with the non-SGS AECG criteria variant. Interestingly, for the ACR criteria, which
do not encompass an SGS-related component in their construction, AUCs were signi�cant in the analysis for submandibular
semi-quantitative index score (AUC 0.723 [95%CI 0.524–0.922], p = 0.045) and the EF% submandibular mean (AUC 0.737
[95%CI 0.546–0.931], p = 0.032) (Table 4). When comparisons were made between AUCs in the AECG criteria diagnostic
modality, taking Schall’s classi�cation as the reference category, no statistical differences were found between qualitative
and quantitative SGS methods.
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Cut-off points were obtained from the ROC curves of the AECG criteria diagnostic modality. In this sense, submandibular
EF% mean had a cutoff of < 38% (S 73%, E 59%, LHR + 1.78) and submandibular semi-quantitative index score a cutoff of ≥ 
4 units (S 67%, E 66%, LHR + 1.97). Schall’s grade ≥ III had an S, E and LHR + of, respectively, 68%, 84%, and 4.25.

Discussion
During the last decade, the use of SGS in SS diagnosis has continuously declined (2). At the same time, there has been an
explosion in other techniques such as ultrasound (27), and several authors have proposed its use to replace SGS (28, 29).
However, unlike ultrasound, which evaluates glandular involvement from a morphological perspective, SGS is a functional
technique. This implies differential capabilities in the diagnosis of SS such as identi�cation of xerostomia vera cases and
detection of glandular dysfunction forms due to neurotransmission blockade, and not only because of glandular damage (6,
10). In addition, SGS is able to detect dysfunction from the moment that 25% of the parenchyma becomes involved, when
xerostomia may have not been noticed (4). However, SGS visual interpretation has been criticized for its subjectivity (6), and
the use of quantitative indices has not been su�ciently supported by the studies carried out to date (8–16). According to our
results, SGS is a test boasting a high relation to laboratory and pathophysiological features of SS, which supports its validity
as a diagnostic tool in this disease. However, its interpretation using a quantitative, versus a qualitative, method did not yield
signi�cant differences in terms of diagnostic discrimination.

In our study, in line with previous reports, SS patients exhibited predominantly submandibular involvement. Moreover,
considerable overlapping in EF% values between groups was noted (8–10, 15, 30–32). In addition, EF% results were not
different between groups except for those relating to the right submandibular values. This is in accordance with a report by
Nishiyama et al. (11), who found no differences in parotid EF% between SS and controls, and with the studies by Infante et
al. (30) and Kim et al. (33), in which asymmetrical involvement with right-sided predominance was also found. We agree
with the fact that, as described by these authors, random probability might explain this uneven involvement. However, we
would additionally suggest that anatomical asymmetry concerning irrigation, drainage and autonomic innervation could
play a role in the right-sided predominance found in our own study.

Although other reports have found differences in EF% between SS and controls (9, 12, 14), it should be noted that those
reports frequently used as comparators only healthy subjects or subjects affected by non-autoimmune sicca syndrome, and
did not include patients affected by other AIDs. Moreover, these reports excluded subjects who met the exclusion criteria of
the AECG classi�cation criteria for SS, a fact that implies the exclusion of conditions that frequently mimic SS in its clinical
presentation. We additionally believe that selection of severe cases may explain the differences observed between SS and
non-SS patients in other studies. For example, in a recent retrospective study by Kaldeway et al. (31), differences were found
in EF% values for the four glands between SS and non-SS patients. This study only included subjects who had undergone all
the necessary tests to be classi�ed according to AECG criteria. Moreover, while the mean EF% values in our work were similar
to those observed by Aksoy et al. (10), those of the study by Kaldeway et al. were considerably lower (31). We believe that
our results may be more accurate given that our approach was to include a real cohort of subjects clinically suspected to
have SS, and not just healthy subjects or non-autoimmune sicca syndrome patients.

In our study we found an association between submandibular EF%-derived parameters, and a Schall’s grade ≥ III, with
serological markers of B-lymphocyte activity. This observation is consistent with current knowledge about the
pathophysiology of glandular damage in SS, which would involve exposure to certain autoantigens in the epithelium and
chronic activation of B-lymphocytes (1, 34). Our results agree with a previous study involving a large retrospective cohort of
primary SS that found an association of Schall’s grade IV with elevated ANA titers, rheumatoid factor, anti-SSA/Ro
antibodies, and complement consumption (35). In contrast to two previous reports, we found association of EF% with anti-
SSA/Ro antibodies and immunoglobulins (12, 31). Other studies have focused on the association between SGS and salivary
gland biopsy. In this sense, results have been contradictory. For example, while in two reports a correlation was found
between the Chisholm and Mason score and EF% (10) and between EF% values and focus score (9), in another study this
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association was not evident (31), as occurred in our sample. Nevertheless, due to the fact that our study linked serological
typical �ndings of the disease to all of the modalities pertaining to SGS analysis, we believe our results support its use as a
diagnostic test that correlates with the pathophysiology of the disease.

Our results of AUC, S and E for submandibular EF% parameters are higher than those found by Infante et al. (30), although
the cut-off points established in both cases are similar. Moreover, our �ndings are in agreement with those reported by Kim et
al. (33), who established much higher cut-off points. The characteristics of the subjects included in each study and the
prevalence of SS in each sample, as well as the use of static -instead of dynamic- SGS images in the latter study, could
explain this variability. In a study by Vinagre et al., a Schall’s grade ≥ III yielded an S and E of 75% and 78%, respectively,
compared to the 68% and 84% �gures obtained with our sample (36). In the study by Infante et al., although S reached 89%
and E 100%, discrimination was calculated between SS patients and healthy subjects, and not between SS patients and
other forms of sicca syndrome and/or autoimmune diseases (30). In any case, and in line with what has been identi�ed by
Kim et al (33), the best performances of the EF%-derived parameters in our sample were only moderate and their e�ciencies,
once the cut-off points were established, were not superior to that of a Schall’s grade ≥ III. Therefore, our data debilitate the
application of EF% for diagnosing SS patients in a real-world clinical practice setting.

The main limitation of our study is its retrospective design. However, we believe that the selection of incident cases and the
fact that neither sialography nor sialometry are performed for SS evaluations in our center has minimized selection biases.
Some of the missing data in the Schall’s classi�cation parameter in our study may not have been random, but rather re�ect
the di�culty of choosing one or another Schall’s grade by the nuclear physician in doubtful cases. Moreover, although EF%
values were not available for rheumatologists at the time of diagnosis, SGS visual analysis �ndings were. This fact may
have overestimated our diagnostic performance results for the visual analysis modalities of SGS in the “clinical judgement”
and “AECG criteria” diagnostic modalities. However, the impact of partial veri�cation bias and circular reasoning, a common
limitation in previous studies of diagnostic tests in SS (37), has been minimized in our study, since other diagnostic
modalities that do not include SGS in their construction were also used. For instance, as previously mentioned, we
constructed and used as a diagnosis modality AECG criteria without the SGS component and the ACR criteria.

Conclusions
In our study, Schall’s grade and submandibular EF%-derived parameters were associated with B-lymphocyte activity markers
in patients with suspected SS. This reinforces the concept that SGS assessment may be related to the pathophysiology and
prognosis of SS. However, EF%-derived parameters, probably due to their high dispersion and the di�culty of establishing an
appropriate cut-off point, are not superior to that of SGS visual analysis when diagnosing SS. Today, the diagnosis of SS
continues to be a challenge for the clinician. More studies are needed to further elucidate the role of SGS in patients with SS.
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Table 1. General characteristics of the cohort      
   Non-SS SS  
   (n=83) (n=54)  
Demographics     p

 Women, n (%)
80 (96) 53 (98) 1.00  

 Age, years
53 ± 16 50 ± 16 0.23  

 Current smoking, n (%)
16 (19) 9 (17) 0.77  

Sicca syndrome-related data      

 Dry-mouth symptoms, n (%)
61 (74) 42 (78) 0.65  

 Major salivary gland swelling, n (%)
5 (20) 10 (63) 0.009  

 Positive lip salivary gland biopsy*, n (%)
3 (13) 16 (57) 0.001  

 Dry-eye symptoms, n (%)
61 (74) 41 (76) 0.84  

 Positive ocular tests†, n (%)
26 (55) 35 (83) 0.004  

Xerostomia-related comorbidities      

 Thyroid gland diseases, n (%)
20 (24) 12 (22) 0.80  

 Organ-specific autoimmune diseases, n (%)
14 (17) 9 (17) 0.98  

 Non-SS systemic autoimmune diseases, n (%)
7 (8) 14 (26) 0.005  

 Other dry-mouth-related diseases‡, n (%)
48 (58) 24 (44) 0.13  

 Dry-mouth-related drugs**, n (%)
26 (31) 13 (24) 0.36  

Laboratory data      

 Erythrocyte sedimentation rate ≥ 14 mm/h, n (%)
59 (73) 42 (86) 0.087  

 Rheumatoid factor, n (%)
9 (11) 26 (48) 0.000  

 Hypergammaglobulinemia, n (%)
19 (28) 24 (56) 0.004  

 Antinuclear antibody, n (%)
46 (56) 47 (87) 0.000  

 Anti-dsDNA antibody, n (%)
4 (80) 2 (33) 0.12  

 Anti-SSA/Ro antibody, n (%)
19 (35) 39 (81) 0.000  

 Anti-SSB/La antibody, n (%)
10 (18) 25 (52) 0.000  

  Non-SSA/Ro or SSB/La autoantibodies, n (%)
8 (18) 4 (9) 0.19  

SS: Sjögren's syndrome    
*Lip salivary gland biopsy was considered positive if the Chisholm-Mason scale grade ≥III.  
†Positive ocular test was considered if the Schirmer I test ≤5 mm and/or pathological ocular staining.
‡Psychogenic, neurological, endocrine, metabolic, infectious, digestive and respiratory disorders. 
**Antidepressants, neuroleptics, anxiolytics, antihistamines, opioids, diuretics, antihypertensives and
bronchodilators.  
Significant p values are depicted in bold.    
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Table 2. Differences in salivary gland scintigraphy results among patients with Sjögren's, other
autoimmune diseases and other diagnoses

      Non-AID AID non-SS SS
p* p†  

      (n=41) (n=42) (n=54)
 

Visual analysis      
     

  Abnormal SGS, n (%)
20 (49) 21 (50) 40 (74) 0.011 0.015  

    Parotid involvement
14 (70) 19 (90) 31 (78) 0.32 0.47  

    Submandibular involvement
17 (85) 18 (86) 35 (88) 0.41 0.66  

    Uptake dysfunction
17 (85) 19 (90) 40 (100) 0.037 0.11  

    Excretion dysfunction
7 (35) 12 (57) 16 (40)  0.55 0.31  

  Schall’s grade ≥ II, n (%)
13 (38) 8 (28) 27 (66) 0.017 0.002  

  Schall’s grade ≥ III, n (%)
7 (21) 5 (17) 25 (61) 0.000 0.000  

EF%          
 

  Right parotid gland 53 (30-63) 51 (29-67) 48 (17-66) 0.69 0.71
 

  Left parotid gland 59 (28-74) 56 (32-70) 57 (30-67) 0.67 0.89
 

  Parotid mean 57 (31-68) 56 (29-66) 49 (26-67) 0.63 0.88
 

  Right submandibular gland 43 (26-48) 33 (14-46) 27 (11-41) 0.014 0.29
 

  Left submandibular gland 35 (29-56) 38 (25-51) 31 (16-53) 0.10 0.40
 

  Submandibular mean 40 (26-52) 39 (21-49) 30 (15-44) 0.030 0.33
 

  Overall glands mean 45 (32-59) 44 (25-55) 39 (23-56) 0.23 0.54
 

Altered EF% (EF% < 50)          
 

  Right parotid gland 24 (59) 22 (52) 25 (47)
0.28

0.61
 

  Left parotid gland 25 (61) 23 (55) 24 (55) 0.54 1.00
 

  Right submandibular gland 8 (20) 5 (13) 9 (17) 0.75 0.77
 

  Left submandibular gland 14 (34) 11 (27) 15 (28) 0.50 0.92
 

Semi-quantitative index score          
 

  Parotid score (0 to 6 points) 0 (0-4) 1 (0-4) 2 (0-4) 0.46 0.79
 

  Submandibular score (0 to 6 points) 3 (1-5) 3 (2-5) 4 (2-6) 0.026 0.40
 

  Overall glands score (0 to 12 points) 4 (1-8) 5 (2-9) 6 (2-9) 0.13 0.51
 

AID: autoimmune diseases; EF%: percentage stimulated excretion fraction; SGS: salivary gland
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scintigraphy; SS: Sjögren's syndrome.
*SS versus AID non-SS, †SS versus Non-AID. U Mann-Whitney for EF% and semi-quantitative index score,
Chi squared for visual analysis and altered EF%.
Significant p values are depicted in bold.       

  

ble 3. Association between salivary gland scintigraphy modalities and
n's syndrome related features        

Visual analysis   Semi-quantitative index score  EF%

Abnormal
SGS*

Schall's
grade ≥ III

  Overall
glands score

Submandibular
score

  Overall glands
mean

Submandibular
mean  

OR (95%CI), p   beta coefficient (95%CI), p

y-mouth symptoms

1.31
(0.60-2.90),

0.50
1.80 (0.58-

5.58), 0.31  

0.41
(-1.16-1.98),

0.61
0.21 (-0.60-

1.03), 0.61   -2.57 (-10.42-5.29), 0.52 -1.68 (-8.80-5.44), 0.64

ajor salivary gland
g

2.50
(0.56-11.11),

0.23
4.67 (0.83-

26.24), 0.080  
2.48 (0.19-

4.77), 0.035
1.38 (0.13-

2.63), 0.031  
-11.74 (-23.61-0.12),

0.052
-11.05 (-21.72- -0.39),

0.043

y-eye symptoms

1.00
(0.45-2.20)

1.00
1.05 (0,37-

2.98), 0.93  

-0.81
(-2.37-0.75),

0.31
-0.36 (-1.18-

0.46), 0.38   3.35 (-4.42-11.13), 0.40 3.75 (-3.32-10.81), 0.30

sitive ocular tests†

0.73
(0.28-1.88)

0.51
1.69 (0.45-

6.36), 0.44  

-0.51
(-2.45-1.42),

0.60
-0.30 (-1.30-

0.70), 0.55   4.28 (-5.40-13.96), 0.38 2.45 (-6.41-11.31), 0.58

hisholm-Mason ≥ III

1.14
(0.34-3.81),

0.84
1.10 (0.27-

4.55), 0.90  

1.95
(-0.47-4.36),

0.11
1.05 (-0.11-

2.20), 0.075   -7.38 (-20.13-5.36), 0.25 -6.94 (-18.17-4.29), 0.22

nti-SSA/Ro antibodies

1.82
(0.82-4.03),

0.14
3.96 (1.24-

12.65), 0.020  

1.54
(-0.03-3.12),

0.054
0.83 (0.02-

1.64), 0.046  
-7.80 (-15.64-0.04),

0.051 -7.66 (-14.73- -0.60), 0.034

NA ≥ 1/320

1.40
(0.61-3.20),

0.43
2.82 (1.05-

7.61), 0.040  
1.74 (0.17-

3.31), 0.030
1.12 (0.29-

1.92), 0.008  
-8.33 (-16.16- -0.51)

0.037 -9.93 (-16.96- -2.90), 0.004

heumatoid factor

1.96
(0.85-4.50),

0.12
4.01 (1.47-

10.93), 0.007  

1.38
(-0.17-2.93),

0.080
1.14 (0.35-

1.94), 0.005   -6.48 (-14.24-1.29), 0.10
-10.77 (-17.68- -3.86),

0.002

ypergammaglobulinemia

3.39
(1.49-7.71),

0.004
6.33 (2.08-

19.32), 0.001  

1.07
(-0.46-2.59),

0.17
0.98 (0.19-

1.77), 0.016   -3.79 (-11.53-3.94), 0.33 -7.78 (-14.60- -0.95), 0.026

ypocomplementemia

3.56
(0.40-31.48),

0.25
3.92 (0.34-

45.40), 0.28  

-0.60
(-3.90-2.70),

0.72
0.27 (-1.45-

1.99), 0.76  
2.18 (-14.41-18.76),

0.80 -1.40 (-16.51-13.70), 0.85
NA: antinuclear antibody; beta coef: beta coefficient; CI: confidence interval; EF%: percentage stimulated excretion fraction; OR: odds
GS: salivary gland scintigraphy  
bnormal salivary gland scintigraphy refers to alterations on tracer uptake, concentration and/or
on in the visual analysis.      
ositive ocular test is considered if the Schirmer I test ≤ 5 mm and/or
gical ocular staining.        

gnificant p values are depicted in bold.              
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le 4. Diagnostic discrimination of salivary gland scintigraphy visual
lysis and excretion fraction in patients with Sjögren's syndrome          

 
Sjögren's syndrome diagnosis

   
 

 

Clinical
judgement

AECG
criteria*

Non-SGS
AECG

criteria

ACR
criteria

   

 

AUC (95%CI), p
   

 

ual analysis    p*
 

Abnormal
SGS†

0.623
(0.528-
0.718),
0.015

0.648
(0.525-
0.772),
0.023

0.472
(0.330-
0.614),

0.70

0.418
(0.216-
0.619),

0.43    

 

Schall's
lassification

0.704
(0.597-
0.811),
0.000

0.764
(0.641-
0.886),
0.000

0.578
(0.423-
0.733),

0.33

0.547
(0.302-
0.792),

0.71   -

 

%-derived
ameters            

 

Overall glands
mean

0.561
(0.458-
0.664),

0.24

0.647
(0.518-
0.775),
0.031

0.588
(0.443-
0.734),

0.23

0.631
(0.407-
0.854),

0.25   0.28

 

Submandibular
mean

0.597
(0.496-
0.697),
0.060

0.705
(0.585-
0.826),
0.002

0.609
(0.475-
0.742),

0.14

0.723
(0.524-
0.922),
0.045   0.90

 

Overall glands
core

0.566
(0.466-
0.666),

0.20

0.686
(0.561-
0.811),
0.006

0.627
(0.491-
0.763),
0.084

0.689
(0.471-
0.906),
0.097   0.57

 

Submandibular
core

0.593
(0.492-
0.693),
0.071

0.715
(0.597-
0.833),
0.001

0.620
(0.486-
0.753),

0.10

0.737
(0.546-
0.931),
0.032   0.90

 

R: American College of Rheumatology; AECG: American-European
sensus Group; AUC: area under the curve; CI: confidence interval;

%: percentage stimulated excretion fraction; SGS: salivary gland
tigraphy.

 

values of the comparison between AUCs in the AECG criteria
gnostic category are shown. The higher AUC of the visual analysis
hall's classification) is considered the reference category for

mparisons with EF%-derived parameters. 

 

normal salivary gland scintigraphy refers to alterations
racer uptake, concentration and/or excretion in visual
lysis.    

 

nificant p values are
icted in bold.         

 

                        

 


