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Abstract
Objective

Ultrasound-guided core needle biopsy (CNB) of major salivary glands is a less invasive alternative to minor salivary gland 
biopsy for diagnosing Sjögren’s disease (SjD), reducing risks of neurological deficits and pain. However, the optimal CNB 
specimen length for adequate glandular surface area remains uncertain. This study aimed to determine and validate the 

optimal CNB specimen length thresholds.

Methods
This retrospective, dual-phase study included 119 consecutive patients undergoing submandibular gland CNB with an 
18-gauge needle for suspicious chronic inflammatory sialadenitis. Specimen length, total surface area, and glandular 

surface area were recorded. A validation cohort (n=37) was analysed separately. Statistical analyses included correlation, 
regression, and ROC curve analysis.

Results
Specimen length correlated with glandular surface area (ρ=0.69, p<0.001). Multivariable analysis confirmed specimen 

length as a positive predictor (p<0.001) and fatty infiltration as a negative predictor (p=0.003) of glandular surface area. 
ROC analysis identified 7.6 mm as optimal for glandular surface area ≥4 mm², and 10.5 mm for ≥8 mm². Clinically significant 

haematomas occurred in 1.7% of cases. In the validation cohort, using the 7.6 mm threshold, PPV was 86.2%, and 
NPV 87.5% for glandular surface area ≥4 mm². For the 10.5 mm threshold, PPV was 76%, and NPV 100% for ≥8 mm².

Conclusion
A CNB specimen length of ≥7.6 mm is sufficient for diagnosing SjD, while ≥10.5 mm may be required for clinical trials. 

These findings may support the integration of specimen length thresholds into CNB procedural guidelines.
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Introduction
Salivary gland biopsy is crucial for di-
agnosing Sjögren’s disease (SjD), as it 
enables the detection of focal lympho-
cytic sialadenitis, a histopathological 
hallmark of the disease (1). A focus 
score more than or equal to one in mi-
nor salivary glands has been incorpo-
rated into classification criteria for SjD 
(2-5). However, several drawbacks of 
minor salivary gland biopsy, including 
invasiveness, permanent sensory loss, 
and post-procedural pain (6-10), reduce 
its clinical utility, despite its relevance 
for disease severity assessment and 
prognosis (1, 11-14). 
In contrast, major salivary gland biopsy 
remains underexplored for SjD diag-
nosis. Open parotid gland biopsy has 
demonstrated comparable diagnostic 
accuracy to minor salivary gland bi-
opsy with modified histological criteria 
(15-18). Submandibular gland (SMG) 
biopsy may offer additional value for 
SMG’s early involvement in SjD (19-
21). Additionally, sialoscintigraphy pa-
rameters in SMG can differentiate SjD 
from non-specific sicca syndrome (22). 
These findings support the potential 
role of SMG biopsy in the early diagno-
sis of SjD. However, the invasiveness 
of open biopsy limits its routine use de-
spite its diagnostic and prognostic po-
tential (23, 24).
Ultrasound-guided core needle biopsy 
(CNB) has emerged as a minimally 
invasive alternative, offering short 
procedure times and low complication 
rates, and has shown promising results 
in diagnosing SjD (25-28). However, 
challenges remain. Fatty infiltration 
in the salivary glands, a common phe-
nomenon in SjD (29-31), may affect 
identification of glandular surface area 
and compromise the specimen adequa-
cy (27). While no specific guideline 
for diagnosing SjD using specimens 
from major salivary glands, most re-
ports utilize the classical focus score, 
which requires a minimum glandular 
surface area of ≥4 mm² in clinical prac-
tice and ≥8 mm² for clinical trials (32). 
While specimen length may serve as a 
proxy for glandular surface area dur-
ing the procedure, no consensus exists 
on the optimal CNB specimen length. 
This study aimed to define and validate 

length-based adequacy thresholds for 
SMG CNB by identifying real-world 
predictors of glandular surface area.

Material and methods
Study design and participants
This study was conducted in two phas-
es to determine the optimal specimen 
length required in ultrasound-guided 
CNB of the SMG for achieving adequate 
glandular surface area in the diagnosis 
of SjD. Ethical approval was obtained 
from the Institutional Review Board of 
our hospital (202307116RINA), and 
informed consent for this retrospective 
analysis was waived given its non-in-
terventional design using existing clini-
cal data and archived specimens.

Phase 1: Threshold identification 
(retrospective study)
In the first phase of this study, we retro-
spectively included all consecutive pa-
tients who underwent ultrasound-guid-
ed CNB of the SMG between July 2010 
and January 2025 due to clinical suspi-
cion of chronic or autoimmune salivary 
gland disease. The indications for SMG 
CNB included: 1. sicca symptoms with 
anti-SSA positivity when the patient 
declined a labial gland biopsy (with 
or without glandular swelling), 2. per-
sistent submandibular gland swelling, 
or 3. diagnostic uncertainty in patients 
with chronic salivary gland symptoms. 
Only non-neoplastic biopsy specimens 
were included. In our centre and col-
laborating institutions, SMG CNB is 
routinely performed for non-neoplastic 
indications owing to its accessibility 
and established procedural familiarity. 
Although published data on SMG CNB 
remain limited, emerging studies have 
demonstrated its safety and diagnostic 
utility in inflammatory salivary gland 
diseases (25, 33).
The patients were classified into three 
groups based on final integrated diag-
nosis with clinical features, serology, 
imaging, histopathology, and treatment 
response: SjD (per ACR/EULAR 2016 
criteria with anti-SSA) (3), IgG4RD 
(per 2019 criteria) (34), and chronic 
sialadenitis (non-autoimmune, histo-
logically defined). A total of 119 cases 
were retrospectively enrolled in this 
phase.
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Phase 2: Validation 
(consecutive retrospective cohort)
To validate the study result in Phase 1, 
we conducted an independent validation 
study in the second phase using consec-
utively recruited SMG CNB specimens 
from one tertiary teaching hospital (Na-
tional Taiwan University Hospital Hsin-
Chu branch) and two regional hospitals 
(National Taiwan University Hospital 
Yun-Lin branch and National Taiwan 
University Cancer Centre) from July 
2020 to January 2025. Only non-neo-
plastic biopsy specimens were included 
as well to align with the first phase’s cri-
teria. A total of 37 cases were retrospec-
tively collected in phase 2.

Biopsy technique
Experienced otolaryngologists conduct-
ed a detailed assessment of the bilateral 
SMGs using a 12 MHz linear array 
transducer (Philips EPIQ5 diagnostic 
US system). The length of the SMG 
(anteroposterior length) was measured 
in the paramandibular plane to evaluate 
its potential impact on biopsy adequacy 
(35, 36). SMG biopsies were taken from 
the side with most ultrasonographic 
abnormalities. For the procedure, lo-
cal anaesthesia with xylocaine 2% was 
administered. The ultrasound-guided 
CNB was performed using a free-hand 
technique with an 18-gauge needle 
(Temno Evolution™ Biopsy Devices, 
Cardinal Health Inc., Dublin, CA, USA) 
following local anaesthesia. The tissue 
fragments were stored in formalin im-
mediately after sampling. Pressure was 
applied to the entry point of the needle 
for 15 minutes. 

Histopathological evaluation
Tissue fragments were fixed in forma-
lin, embedded in paraffin blocks, cut 
at a thickness of 4 μm, and stained 
with haematoxylin and eosin (H&E). 
All SMG biopsies were evaluated by 
an expert pathologist (M.H.H.) with 
specific head and neck pathology ex-
pertise, including SjD. H&E-stained 
sections were digitally scanned by a 
Hamamatsu NanoZoomer digital whole 
slide scanner. The total surface areas of 
the specimens, including adipose tis-
sue, were identified, morphometrically 
compartmentalised on a 4x magnifi-

cation, and quantified on the surface 
(mm2). The length of the specimen was 
also measured. Given the frequent pres-
ence of extensive adipose replacement 
in SMG core needle biopsy specimens, 
and the technical limitation that most 
biopsy fragments are small and partial-
ly fragmented, we adopted a pragmatic 
approach: if any histologically identi-
fiable glandular tissue (acini or ducts) 
was observed within a fragment, we 
considered the entire fragment as origi-
nating from glandular parenchyma, and 
its total surface area was included in the 
calculation of “glandular surface area.” 
This approach was based on the pro-
cedural assurance that the needle was 
placed entirely within the submandibu-
lar gland under ultrasound guidance. 
In clinical practice, fragmented speci-
mens with >80% adipose content are 
frequently encountered, yet still origi-
nate from the gland. We acknowledge 
that this method may overestimate the 
true proportion of preserved glandular 
parenchyma and address this limitation 
in the Discussion. The surface area of 
fatty infiltration was delineated manu-
ally by the ‘Free Hand Region’ function 
in the NDP.view (37), and recorded as 
the proportion of adipose tissue relative 
to the total surface area. 
For specimens from patients with SjD, 
the H&E sections were further evalu-
ated for the presence of lymphoepithe-
lial lesions (LELs), ectopic germinal 
centres (GCs), and the maximal diam-
eter of foci. The calculation of the fo-
cus score complied with previous rec-

ommendations (32, 38). Focus scores 
were calculated only for specimens 
with measurable glandular tissue. In 
line with prior recommendations em-
phasising the need for sufficient surface 
area to ensure focus score stability (32), 
we restricted focus score reporting to 
specimens with glandular surface area 
≥4 mm². Specimens below this thresh-
old were considered non-evaluable for 
focus score.

Statistical analysis
Demographic characteristics of patients 
are summarised with median with in-
terquartile range (IQR) for continuous 
variables and numbers with percent-
ages for categorical variables. Compar-
ing the difference between the disease 
groups, Kruskal-Wallis test was used 
for continuous variables and Pearson’s 
chi-squared test or Fisher’s exact test 
were used for categorical variables by 
gtsummary package. Pearson correla-
tion coefficients were calculated to as-
sess the relationship between specimen 
length, total surface area of specimen, 
and glandular surface area. The receiv-
er operating characteristic curves (ROC 
curves) and area under curves (AUCs) 
were conducted by cutpointr package. 
Positive predictive value (PPV) and 
negative predictive value (NPV) were 
also calculated. Univariable and mul-
tivariable analyses were calculated us-
ing linear regression to identify predic-
tors of glandular surface area. For the 
multivariable analyses, the full model 
included all the candidate variables, 

Table I. Basic characteristics of enrolled biopsy specimens.

Characteristics	 Enrolled patients (n=119)

Male, n (%)	 42 	(35)
Age, year, median (IQR)	 59 	(17.5)
Length of SMG gland, mm, median (IQR)	 30.5 	(7.4)a

Pass of CNB sampling, median (IQR)	 1 	(1)
Specimen length, mm, median (IQR)	 9.6	 (4.7)
Total surface area, mm2, median (IQR)	 6.7 	(4.9)
Glandular surface area, mm2, median (IQR)	 5.6 	(5.8)
Fatty infiltration, %, median (IQR)	 3.0 	(9.1)
Diagnosis	
Sjögren’s disease, n (%)	 56 	(47)
IgG4RD, n (%)	 29 	(24)
Chronic sialadenitis, n (%)	 34 	(29)
Clinically significant hematoma, n (%)	  2 	(1.7)

aMissing data in one of the patients.
CNB: core needle biopsy; IgG4RD: IgG4 related disease; IQR: interquartile range; SMG: submandibular 
gland.
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while the reduced model retained only 
variables with p<0.05 to improve inter-
pretability while maintaining predictive 
accuracy. A p-value <0.05 was consid-
ered statistically significant. All analy-
ses were performed using R software 
version 4.4.1 (R Foundation for Statis-
tical Computing, Vienna, Austria).

Results
Patients’ characteristics
A total of 119 receiving ultrasound-
guided CNB of the SMG were enrolled 
in the first phase of the study. Fifty-six 
patients had SjD, 29 patients had Ig-
G4RD, and 34 had chronic sialadenitis 

(Table I). The length of SMGs, speci-
men length, total specimen surface, and 
glandular surface were not significantly 
different between the diseases (Supple-
mentary Table S1), while the fatty in-
filtration is higher in patients with SjD. 
Among these specimens, 79 out of 119 
presented with glandular surface area 
≥4 mm2. Two of the patients had clini-
cally significant post-biopsy hematoma 
and were managed with conservative 
treatment without further intervention.

Correlation between specimen 
lengthand glandular surface area
The Pearson’s correlation showed that 

the specimen length positively corre-
lates with both total specimen surface 
(ρ=0.87, p<0.001) (Fig. 1A) and glan-
dular surface (ρ=0.69, p<0.001) (Fig. 
1B). These results support using speci-
men length as an approximate measure 
of the glandular surface area.

Specimen length may be 
an independent approximate 
for glandular surface area
Univariable and multivariable linear 
regression analyses were conducted 
to identify the predictors of glandular 
surface area (Table II). Multivariable 
analysis in full model revealed that 

Fig. 1. Correlation between specimen length, total surface area, and glandular surface area.
A: Correlation plot for specimen length and total surface area; B: Correlation plot for specimen length and glandular surface area.

Table II. Univariable and multivariable analysis for prediction of glandular surface area.

	 Univariable analysis	 Multivariable analysis	 Multivariable analysis
		  (Full model)	 (Reduced model)

	 β(95% CI)	 p-value	 β(95% CI)	 p-value	 β(95% CI)	 p-value

Age	 0.02 (-0.03–0.07)	 0.460	 0.01 (-0.03–0.05)	 0.596	 –	 –
Male	 0.76 (-0.68–2.20)	 0.298	 0.24 (-1.08–1.55)	 0.720	 –	 –
Length of SMG gland	 0.05 (-0.07–0.16)	 0.420	 0.00 (-0.08–0.09)	 0.922	 –	 –
Specimen length	 0.63 (0.51–0.75)	 <0.001*	 0.62 (0.50–0.74)	 <0.001*	 0.63 (0.51–0.75)	 <0.001*
Diagnosis
   Chronic sialadenitis	 Reference category	 –	 Reference category	 –	 Reference category	 –
   IgG4RD	 1.36 (-0.53–3.26)	 0.158	 0.07 (-1.38–1.53)	 0.919	 0.25 (-1.10–1.59)	 0.718
   Sjögren’s disease	 1.00 (-0.63–2.63)	 0.226	 1.63 (0.34–2.92)	 0.014*	 1.43 (0.25–2.62)	 0.018*
Fatty infiltration	 -0.05 (-0.10–0.00)	 0.038*	 -0.06 (-0.09 to -0.02)	 0.003*	 -0.05 (-0.09 to -0.02)	 0.003*

*p<0.05
CI: confidence interval; IgG4RD: IgG4 related disease; SMG: submandibular gland.
The full model included all candidate variables. The reduced model retained only statistically significant variables (p<0.05) to improve interpretability while 
maintaining predictive accuracy. Full model results are provided for transparency.
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specimen length remained the strong-
est independent predictor of glandular 
surface area (β=0.62, 95% CI: 0.50–
0.74, p<0.001). Fatty infiltration was 
also significantly associated with lower 
glandular surface area (β=-0.06, 95% 
CI: -0.09 to -0.02, p=0.003), confirming 

that adipose replacement compromises 
biopsy adequacy. In contrast, SMG 
size was not independently associated 
with glandular surface area (β=0.00, 
95% CI: -0.08 to 0.09, p=0.922). 
Similarly, IgG4-related disease did 
not significantly influence biopsy ad-

equacy (β=0.07, 95% CI: -1.38 to 1.53, 
p=0.919). Notably, SjD was significant 
in the full model (β=1.63, 95% CI: 
0.34–2.92, p=0.014) and remained sig-
nificant in the reduced model (β=1.43, 
95% CI: 0.25–2.62, p=0.018), suggest-
ing that this disease independently af-

Fig. 3. ROC analysis for optimal specimen length for glandular area ≥4 mm2 and ≥8 mm2.
A: ROC curve for specimen length and glandular surface (≥4 mm2); B: ROC curve for specimen length and glandular surface (≥8 mm2).

Fig. 2. Representative H&E-stained images of submandibular gland CNB specimens illustrating variations in fatty infiltration. 
A: Long specimen with abundant glandular tissue, demonstrating high diagnostic value; B: Long specimen with high fatty infiltration; C: Short specimen 
with well-preserved glandular tissue; D: Short specimen with extensive fatty infiltration, highlighting how fat replacement can compromise biopsy adequacy.
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fects glandular surface area adequacy 
when accounting for other variables. 
Table II presents the results from both 
the full and reduced models, with the 
reduced model retaining only variables 
with p<0.05 to improve interpretability 
while maintaining predictive accuracy. 
The full model results are provided for 
transparency. To further illustrate the 
impact of fatty infiltration on biopsy 
adequacy, representative H&E-stained 
CNB specimens are shown in Figure 2. 
These images demonstrate that while 
longer specimens generally contain 
more glandular surface area, adipose 
infiltration can significantly reduce 
the diagnostic yield. Conversely, some 
shorter specimens may still provide ad-
equate glandular content when compo-
sition is favourable.

Optimal specimen length to predict 
adequate glandular surface area 
According to the above analyses, we 
plan to identify the optimal specimen 
length to obtain an adequate glandular 
surface area for clinical application. 
A glandular surface area of more than 
or equal to 4 mm2 is the specimen ad-
equacy criteria for diagnosing SjD (16, 
27). In clinical trials, it has been pro-
posed that a glandular surface area of 
more than or equal to 8 mm2 should be 
obtained to select appropriate samples 
to be examined by focus score (33). 
We therefore conduct ROC analyses to 
determine the optimal specimen length 
for these two criteria for specimen ad-
equacy of glandular surface area (Fig. 
3A-B). The optimal specimen length 
for predicting glandular surface area ≥4 
mm2 is 7.6 mm, with sensitivity 92.4%, 
specificity 60.0%, and AUC 0.817. For 
glandular area ≥8 mm2, the optimal 

specimen length is 10.5 mm, with sen-
sitivity 89.2%, specificity 80.5%, and 
AUC 0.898. Sensitivity analysis by 
serial exclusion of adipose-rich speci-
mens (from 5% to 80%) demonstrated 
that discrimination by specimen length 
was robust across all lipid thresholds 
(Suppl. Tables S2 and S3, and Suppl. 
Fig. 1A-B). For the adequacy endpoint 
(glandular surface area ≥4 mm²), AUCs 
remained 0.811–0.837 and the optimal 
cut-point of 7.6 mm was unchanged 
despite exclusion up to 38.7% of cases 
(lipid >5%). For the trial-level endpoint 
(≥8 mm²), AUCs remained high (0.892–
0.912) with a minimal shift of the opti-
mal cut-point from 10.5 mm to 11.3 mm 
after excluding cases with lipid >10%. 

Histological features in 
core needle biopsy specimens 
from patients with SjD
Among the 56 patients with SjD, 38 
(67.9%) had CNB specimens with a 
glandular surface area ≥4 mm². Of 
these adequately sized specimens, 15 
(39.5%) demonstrated a focus score ≥1, 
and 18 (47.4%) showed either a focus 
score ≥1 or small lymphocytic infil-
trates with LELs. Detailed histological 
characteristics are provided in Supple-
mentary Table S4.

Validation for the thresholds 
of specimen length to predict the 
adequate glandular surface area 
To validate the thresholds of specimen 
length for the glandular surface area, 
we retrospectively enrolled consecu-
tive patients receiving SMGs by CNB 
from three other hospitals. A total of 
37 patients were enrolled. When using 
specimen length ≥7.6 mm as the thresh-
old, the sensitivity for glandular surface 

area ≥4 mm2 is 96.2%, and specificity 
is 63.6% with PPV 86.2% and NPV 
87.5% (Table III). For specimen length 
≥10.5 mm, the sensitivity for glandu-
lar surface area ≥8 mm2 is 100%, and 
specificity is 66.7% with PPV 76.0%, 
and NPV 100%.

Interobserver reproducibility
To evaluate reproducibility of glandular 
tissue identification, an independent pa-
thologist (C.Y.H.) re-evaluated all frag-
ments following the same morphologi-
cal criteria. Fragment-level agreement 
for the presence of glandular tissue was 
excellent (Cohen’s κ=0.77, p<0.001). 
At the case level, agreement for biopsy 
adequacy was also high (κ=0.84 for 
achieving ≥4 mm² of glandular area, 
and κ=1.00 for ≥8 mm²). The glandular-
to-total surface ratio, treated as a con-
tinuous variable, showed good reliabil-
ity between observers (ICC(2,1)=0.74, 
95% CI 0.63–0.81, p<0.001), support-
ing the robustness of the operational 
definition of glandular surface area and 
the reproducibility of adequacy classi-
fication.

Discussion
This study aims to address a proce-
dural gap in current SjD diagnostics 
by establishing quantitative adequacy 
criteria for SMG CNB. We defined and 
validated length-based thresholds for 
SMG CNB adequacy in chronic inflam-
matory salivary gland diseases. The re-
sults demonstrate that a length of ≥7.6 
mm is optimal for achieving a glandular 
surface area of >4 mm², and ≥10.5 mm 
for a surface area of ≥8 mm², using an 
18-gauge needle. In a validation cohort, 
these thresholds showed strong predic-
tive performance (PPV 86.2% and NPV 

Table III. Predictive performance of specific specimen length for glandular surface area.

	 First phase (threshold identification)	 Second phase (validation cohort)

	 Specimen length ≥7.6 mm for 	 Specimen length ≥10.5 mm for	 Specimen length ≥7.6 mm for	 Specimen length ≥10.5 mm for
	 glandular surface area ≥4 mm2	 glandular surface area ≥8 mm2	 glandular surface area ≥4 mm2	 glandular surface area ≥8 mm2

Length ≥ threshold	 88/119 (73.9%)	 49/119 (41.2%)	 29/37 (78.4%)	 25/37 (67.6%)
Sensitivity	 92.4%	 89.2%	 96.2%	 100%
Specificity	 60.0%	 80.5%	 63.6%	 66.7%
PPV	 82.0%	 67.3%	 86.2%	 76.0%
NPV	 80.0%	 94.3%	 87.5%	 100%
AUC	 0.817	 0.898	 0.799	 0.833

AUC: area under curve; NPV: negative predictive value; PPV: positive predictive value.
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87.5% for ≥4 mm²; PPV 76.0% and 
NPV 100% for ≥8 mm²). These findings 
provide a practical threshold for assess-
ing real-time adequacy.
Salivary gland biopsy is the cornerstone 
for both diagnosis and mechanistic un-
derstanding of SjD. Labial gland biop-
sy remains the gold standard due to its 
accessibility and extensive validation 
within the latest ACR/EULAR clas-
sification criteria. Recent comparative 
studies have shown that major salivary 
gland specimens reveal complementary 
disease features, particularly enhanced 
B-cell-associated features in the parotid 
glands (39), and that ultrasound-guided 
CNB provides a minimally invasive 
approach. These findings suggest that 
major gland biopsies may complement 
labial biopsy in personalised SjD care.
Although the glandular surface area 
is essential for interpretation of la-
bial gland specimen (40), the optimal 
glandular area in major salivary glands 
remains undetermined, especially in 
CNB. Deroo et al. reported that 14 
of 20 parotid gland CNB specimens 
(18-gauge needle, two passes) achieved 
≥4 mm², while Zabotti et al. achieved 
100% adequacy using a 14-gauge nee-
dle (27, 28). These differences may re-
flect needle gauge and specimen size. 
To minimise procedural risks while 
ensuring tissue adequacy, we propose 
that specimen length can serve as a 
real-time intraoperative reference for 
guiding additional passes. While we 
used 4 mm² and 8 mm² as reference 
benchmarks based on established prac-
tice in labial gland biopsy, we acknowl-
edge that the optimal glandular surface 
area for SMG diagnosis may differ due 
to anatomical and histological varia-
tions between glands. Our study offers 
a technical framework for consistently 
achieving these areas, although formal 
validation as diagnostic thresholds for 
SMG remains to be established. 
Fatty infiltration in salivary glands is 
common in SjD and complicates his-
tological interpretation (29, 30). As 
shown in Figure 2, even long specimens 
may be inadequate when dominated by 
fat, while shorter but preserved speci-
mens may suffice. We pragmatically 
considered fragments containing any 
identifiable glandular tissue as glandu-

lar surface area, recognising that this 
approach may slightly overestimate 
functional parenchyma. However, sen-
sitivity analyses indicated that this defi-
nition remained generally robust even 
in adipose- or fibrosis-rich specimens, 
with only a minor upward drift (0.8 
mm) in the trial-grade threshold after 
excluding samples with >10% adipose 
tissue. Therefore, when pre-biopsy im-
aging reveals marked fat replacement, 
such as hyperechoic bands in ultrasound 
(41), operators may consider obtaining 
a slightly longer specimen (~11.3 mm 
to achieve an 8 mm² glandular surface 
area) or discussing alternative diagnos-
tic approaches with patients.
In the histological evaluation, fatty in-
filtration also affects the interpretation 
of the focus score. Because focus score 
is calculated per 4 mm² of residual glan-
dular area, extensive adipose or fibrotic 
replacement may artificially dilute the 
apparent density of lymphocytic foci. 
In such cases, the low focus score may 
reflect parenchymal destruction rather 
than the absence of the disease, par-
ticularly in long-standing SjD. Comple-
mentary histological features, such as 
LELs, GCs, and plasma cell shift, may 
therefore provide a more comprehen-
sive assessment of glandular inflamma-
tion (42). 
Whether histological criteria for major 
salivary gland CNB should be modified 
remains an open question. Evidence 
from parotid gland biopsy provides 
important context. Pijpe et al. showed 
that open parotid gland biopsy achieved 
diagnostic performance comparable to 
labial biopsy when LELs were incor-
porated with focus score ≥1 (16). This 
finding suggests that each salivary gland 
possesses unique histopathological 
characteristics that may require tailored 
diagnostic criteria. 
In our cohort, only 39.5% of adequate 
SMG specimens reached focus score 
≥1, whereas 47.4% exhibited either fo-
cus score ≥1 or LELs, implying that in-
cluding additional histological features 
could improve diagnostic sensitivity. 
Similarly, Zabotti et al. and Deroo et 
al. reported low focus score positivity 
in parotid CNB (27, 28). Nakshbandi et 
al. demonstrated ~80% labial-parotid 
concordance but stronger B-cell activa-

tion in parotid glands (higher GC den-
sity, more severe LELs) (39), while Van 
Ginkel et al. showed that incorporating 
multiple histopathological features be-
yond focus score alone increased diag-
nostic specificity from 88% to 100% in 
labial biopsies (42). Collectively, these 
findings support gland-specific adapta-
tion of histological criteria, particularly 
for major gland CNB.
We hope that our study contributes to 
this evolving landscape by outlining 
technical parameters for SMG CNB. 
Labial gland biopsy remains the first-
line and most validated diagnostic tool, 
whereas parotid gland biopsy serves 
as an alternative or second-line option 
in experienced centres and a valuable 
resource for studying B-cell-mediated 
pathology or lymphoma risk. The di-
agnostic and research roles of SMG 
biopsy are still being defined; prelimi-
nary data, including that from our co-
hort, suggest potential links to salivary 
function. Although both parotid and 
SMG CNB have demonstrated safety 
and feasibility under ultrasound guid-
ance, SMG CNB may currently best be 
regarded as a third-line option, follow-
ing labial (gold standard) and parotid 
(validated alternative) biopsies.
Biopsy site selection should be guided 
by diagnostic validation (strongest for 
labial), technical expertise, specific re-
search aims (B-cell biology favours pa-
rotid), and patient factors. In this con-
text, procedural adequacy, particularly 
in CNB, becomes critical for ensuring 
reliable interpretation. The length-
based adequacy criteria established 
in this study (≥7.6 mm for diagnostic, 
≥10.5 mm for research contexts) can 
be integrated into procedural checklists 
as intraoperative quality indicators to 
standardise sampling and reduce inad-
equate specimens. While current ACR/
EULAR criteria do not yet include ma-
jor salivary gland CNB, these results 
provide a bridge between procedural 
technique and diagnostic reliability, of-
fering quantitative guidance for future 
consensus recommendations and biop-
sy-protocol updates. Until validated in 
multicentre studies, SMG CNB should 
be reserved for specific clinical situa-
tions where established biopsy methods 
are impractical or unavailable.
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This study has several limitations. First, 
the study was conducted within a single 
institutional network in Taiwan, which 
may limit generalisability to other 
populations or procedural settings. Pro-
cedural techniques, such as the needle 
gauge, operator experience, and his-
topathologic patterns may vary across 
centres. Second, parotid glands were 
not included, and future studies should 
determine whether length thresholds 
differ for parotid CNB or other major 
glands. Third, because of the retrospec-
tive design, potential selection bias 
cannot be completely excluded despite 
the consecutive inclusion strategy and 
independent validation cohort. Fourth, 
our measurement approach may over-
estimate true glandular preservation. 
Fifth, our findings primarily apply to 
chronically inflamed or structurally al-
tered SMGs, which constitute the usual 
indications for CNB in clinical practice. 
Further multicentre prospective studies 
are warranted to validate and extend 
these findings across different popula-
tions and salivary gland types.

Conclusion
A CNB specimen length of ≥7.6 mm us-
ing an 18-gauge needle is sufficient to 
achieve diagnostic adequacy for SjD, 
while ≥10.5 mm may be appropriate 
for research or trial settings. These find-
ings may facilitate the incorporation 
of length-based thresholds into CNB 
protocols, providing a practical refer-
ence for clinicians. Our study lays the 
groundwork for future refinement of 
histological criteria and the integration 
of imaging-guided procedural strategies 
in major salivary gland biopsy for SjD.
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