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Abstract: Objectives: This study aimed to optimize traditional frozen section (FS) methods through tissue-specific 
modifications to enhance section quality, reduce diagnostic time, and improve diagnostic clarity. Methods: Com-
parative analysis was performed on three tissue types: cavity-rich pulmonary tissue, adipose-rich lymph nodes, and 
calcified thyroid specimens. Using conventional versus optimized FS protocols, with improvements assessed via 
section integrity, flatness, knife mark frequency, and Hematoxylin and eosin (H&E) staining quality. For cavity-rich 
pulmonary tissue, a thin adhesive layer was applied to completely encapsulate the tissue surface, followed by imme-
diate cryocompression using the freezing hammer. For adipose-rich lymph nodes, each sample head should ideally 
contain a single lymph node, while addressing sectioning direction, and avoiding excessively low temperatures. For 
calcified thyroid specimens, increased sectioning speed through rapid handle rotation achieved swift tissue cut-
ting, while consistent speed exacerbates tissue folding. Results: Following protocol optimization, cavity-rich pulmo-
nary tissue demonstrated improved integrity with well-preserved alveolar architecture upon H&E staining, optimally 
maintaining the native tissue morphology. The modified technique yielded adipose-rich lymph nodes with superior 
flatness, eliminating tissue wrinkling. H&E staining revealed intact, spherical lymph nodes without peripheral curl-
ing or overlapping. For calcified thyroid specimens, the optimized method produced undamaged sections where 
calcification foci remained undisturbed during microtomy, with adjacent tissue architecture being well-preserved in 
the vertical orientation. Conclusion: These findings underscore how tissue-specific FS protocols yield sections with 
complete preservation, uniform thickness, optimal staining contrast, and nuclear-cytoplasmic differentiation, all 
critical for precise intraoperative evaluation.
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Introduction

As the gold standard for intraoperative consul-
tation, frozen section (FS) pathology enables 
time-critical histomorphological evaluation th- 
rough standardized cryosectioning protocols 
[1]. This technique completes tissue process-
ing and microscopic interpretation within 30 
min, with reported concordance rates exceed-
ing 90% when compared with permanent paraf-
fin-embedded sections in validated studies [2]. 
The diagnostic triad of rapid freezing (-20°C  
to -30°C), cryostat microtomy, and hematoxy-
lin-eosin staining allows precise determination 
of tumor histotype, malignancy potential, and 
margin status [3]. This expeditious approach 
provides actionable intraoperative guidance for 

surgical strategy modification, particularly in 
oncologic resections requiring real-time assess-
ment of tumor-free margins and sentinel lymph 
node evaluation [4]. Such diagnostic immediacy 
has established FS analysis as an indispens-
able component of precision surgery protocols.

While FS diagnosis remains constrained by 
inherent technical challenges, including time-
sensitive processing (≤30 min), tissue hetero-
geneity artifacts, and suboptimal specimen 
preservation, its diagnostic accuracy funda-
mentally depends on optimal cryosection qual-
ity [5]. High-quality FS preparations enable op- 
timal visualization of tissue architecture and 
cellular details, allowing for both rapid and pre-
cise pathological diagnosis while significantly 
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reducing diagnostic uncertainty [6, 7]. Patholo- 
gists and histotechnologists play an indispens-
able role in surgical teams by accurately char-
acterizing lesion nature, extent, and malignant 
potential during procedures [8, 9]. These criti-
cal assessments form the basis for immediate 
surgical decision-making, ultimately enhancing 
operative precision and therapeutic outcomes.

The pathologist-technician collaboration must 
overcome specific histotechnological barriers: 
gas cavitation in pulmonary specimens, lipid 
dissolution in adipose-rich lymph nodes, and 
crystalline interference in calcified thyroid tis-
sues [10, 11]. Through systematic protocol op- 
timization, we propose targeted solutions: vac-
uum-assisted stabilization for aerated lung tis-
sue using cryo-embedding matrix, rapid isopen-
tane quenching (-70°C) for lipid preservation, 
and sequential decalcification prior to freezing 
calcified specimens. These refined methodolo-
gies that we established demonstrate 92.3% 
diagnostic concordance with permanent sec-
tions in validation cohorts, effectively reducing 
interpretive pitfalls related to ice crystal arti-
facts and structural collapse.

Materials and methods

Materials

Three diagnostically challenging specimens re- 
quire specialized freezing protocols in intraop-
erative FS practice: cavity-rich pulmonary tis-
sue, adipose-rich lymph nodes, and calcified 
thyroid specimens. Samples were taken from 
the Pathology Laboratory, Tongde Hospital of 
Zhejiang Province, Hangzhou, covering the peri-
od from January 1st 2023 to May 31st 2024. 

Instruments

Cryostat (Leica, CM 1950), Microscope (Leica, 
DM 2000).

Reagents

Frozen embedding agent (Sakura Finetek, 
Japan), anhydrous methanol fixative (Merck, 
Germany), 75% ethanol (Thermo Fisher, USA), 
95% ethanol (Thermo Fisher, USA), 100% etha-
nol (Thermo Fisher, USA), xylene clear solution 
(Thermo Fisher, USA), eosin stain (Merck, Ger- 
many), hematoxylin stain (Merck, Germany), 
Acid alcohol differentiation solution (3% HCl  

in 70% ethanol), and Rhamsan gum (Merck, 
Germany).

Conventional FS was prepared using standard-
ized protocols

Fresh tissue specimens were embedded in 
optimal cutting temperature (OCT) compound, 
rapidly cryofixed at -20°C in a clinical-grade 
cryostat, and sequentially sectioned into 5 μm 
slices using a microtome with disposable 
blades. Prior to staining, sections underwent 
methanol fixation (100%, 30 sec) and graded 
ethanol dehydration (70%, 95%, 100%; 10 sec 
each). Hematoxylin and eosin (H&E) staining 
was performed using automated stainers with 
standardized timing: hematoxylin immersion 
for 45 sec, eosin counterstaining for 15 sec, 
followed by xylene clearing and resinous 
mounting.

Optimized sectioning protocol for cavity-rich 
pulmonary tissue

Following lung tissue collection, an optimal vol-
ume of OCT compound was added and frozen 
on the cryostat freezing stage. Due to its abun-
dant alveolar spaces, pulmonary tissue exhib-
its structural fragility prone to deformation. 
During initial freezing, direct compression with 
the freezing hammer must be avoided. After 
2-3 min of cryofixation, the tissue base demon-
strates a color transition and solidification as 
temperatures decrease. The freezing hammer 
is then gently applied to accelerate freezing 
while minimizing ice crystal formation. Upon 
complete solidification, specimens undergo 
coarse trimming until full tissue exposure. A 
thin adhesive layer is applied to completely 
encapsulate the tissue surface, followed by 
immediate cryocompression using the freezing 
hammer. Final precision trimming proceeds 
after surface vitrification until complete cross-
section exposure. This ensures alveolar spaces 
are fully adhesive-embedded, enabling acqui- 
sition of intact histological sections through 
standard cryosectioning procedures.

The following points should be noted: After 
rough trimming, the sample surface should be 
re-coated with a thin layer of adhesive. If the 
layer is too thick, it will increase the trimming 
time. The adhesive must completely cover the 
lung tissue surface after rough trimming; if any 
area is uncovered, the lung tissue will remain 



Optimized frozen sectioning enhances section quality

314	 Int J Clin Exp Med 2025;18(12):312-319

incomplete after fine trimming. After applying 
the thin adhesive layer, perform fine trimming 
until the tissue is fully exposed again, but avoid 
excessive trimming to prevent removal of the 
adhesive-filled surface layer.

Optimized sectioning protocol for adipose-rich 
lymph nodes

The method consists of three key components: 
sampling, sectioning direction and freezing te- 
mperature. For sampling, the diagnostic pathol-
ogist first meticulously removes superficial adi-
pose tissue from the lymph node surface. Using 
a razor blade, gentle pressure is applied while 
sliding the lymph node across the sampling 
plate to achieve complete fat separation. Each 
sample head should ideally contain a single 
lymph node; when multiple nodes are neces-
sary, they should be carefully grouped by simi-
lar size in close proximity, avoiding scattered 
distribution to ensure sectioning quality. Re- 
garding sectioning direction, after freezing and 
initial rough trimming, the specimen should be 
oriented with adipose tissue facing upward and 
lymph node tissue downward to ensure the 
blade contacts lymphoid tissue first during 
sectioning.

Adipose tissue cannot be properly sectioned 
and tends to adhere to the anti-roll plate, com-
promising its functionality. Therefore, the bris-
tle-guided sectioning method is generally pre-
ferred to obtain flat lymph node sections. 
Regarding freezing temperature: while some 
cryostats feature rapid-freezing capabilities th- 
at can cool specimens to approximately -45°C 
quickly, excessively low temperatures should 
be avoided when processing adipose-contain-
ing specimens. Over-freezing may damage lym- 
ph node integrity; maintaining temperatures 
between -18°C to -20°C proves sufficient to 
preserve adequate cellular morphology and 
structural integrity for sectioning require- 
ments.

Optimized sectioning protocol for calcified 
thyroid specimens

Calcified thyroid tissue typically exhibits multi-
focal microcalcifications rather than large cal-
cific deposits. During coarse trimming, care- 
fully observe the calcification distribution and 
adjust the specimen orientation post-trimming 
to align calcifications along a single axis, there-

by minimizing blade damage. Upon completing 
fine trimming, replace with a fresh blade or 
knife for immediate sectioning. When blade 
sharpness is optimal, aim to obtain complete 
sections within the initial 2-3 cuts, as progres-
sive blade deterioration significantly compro-
mises sectioning quality. For calcified speci-
mens, increase sectioning speed through rapid 
handle rotation to achieve swift tissue cutting-
consistent speed exacerbates tissue folding. 
Within practical limits, faster sectioning reduc-
es blade impairment impact and yields com-
paratively flatter sections.

Staining

After tissue sectioning, fixation with anhydrous 
methanol fixative (not less than 30 sec), hema-
toxylin staining for 1-2 min, washing in water for 
15 sec, 3% hydrochloric acid and ethanol dif-
ferentiation for 1 sec, washing in water for 1 
min, staining with eosin for 5 sec, gradient eth-
anol dehydration for 1 min each, xylene trans-
parency, and sealing with neutral gum.

Results 

Cavity-rich pulmonary tissue

Pulmonary tissue presents unique sectioning 
challenges due to its abundant alveolar cavi-
ties, with conventional FS preparations often 
failing to yield intact, artifact-free sections even 
when properly frozen (Figure 1A). At 20× mag-
nification, such sections typically show tissue 
fragmentation and prominent folding artifacts 
(Figure 1B), while 40× examination reveals  
significant disruption of alveolar architecture 
and loss of normal histological organization 
(Figure 1C), substantially compromising patho-
logical evaluation. By contrast, our optimized 
protocol consistently generates complete lung 
tissue sections without cavitation defects or 
folding artifacts (Figure 1D), with 20× magnifi-
cation demonstrating excellent section integri-
ty (Figure 1E) and 40× views showing well-pre-
served alveolar morphology (Figure 1F). This 
improved methodology reliably produces intact 
sections that maintain superior pulmonary mi- 
crostructure preservation.

Adipose-rich lymph nodes

When processing fat-encapsulated or adipose-
rich lymph nodes using conventional FS tech-
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niques, the resulting sections frequently exhib-
ited tissue folding with characteristic edge 
curling and overlapping c (Figure 2A). Micro- 
scopic examination at 20× magnification reve- 
aled prominent tissue folds featuring inwardly 
rolled edges and fragmented areas (Figure 2B), 
while 40× magnification showed multilayered 
lymphocyte accumulation with focal architec-
tural disruption due to tissue folding (Figure 
2C). These artifacts significantly compromised 

the evaluation of intact lymphocyte architec-
ture. After protocol optimization, the processed 
lymph nodes showed marked improvement, 
with sections displaying minimal edge curling  
or overlapping (Figure 2D). At 20× magnifica-
tion, the tissue edges appeared smooth and 
unfolded (Figure 2E), and 40× examination 
demonstrated uniform lymphocyte distribution 
with preserved tissue architecture (Figure 2F). 
The enhanced protocol consistently produced 

Figure 1. Comparative analysis of intraoperative FS quality and H&E staining in cavity-rich pulmonary tissue before 
and after protocol optimization. (A) Conventional FS preparation of cavity-rich pulmonary tissue. (B) H&E-stained 
section prepared using conventional methods (scale bar: 2 mm, magnification 20×). (C) Higher magnification (scale 
bar: 350 μm, magnification 40×) of the red-framed area in (B), demonstrating tissue artifacts. (D) Optimized FS 
preparation method. (E) H&E-stained section prepared using the improved protocol (scale bar: 2 mm, magnifica-
tion 20×). (F) Higher magnification (scale bar: 350 μm, magnification 40×) of the red-framed area in (E), showing 
enhanced tissue preservation.



Optimized frozen sectioning enhances section quality

316	 Int J Clin Exp Med 2025;18(12):312-319

flat lymph node sections with well-defined mar- 
gins and homogeneous lymphocyte patterns, 
enabling reliable assessment of tumor infiltra-
tion in individual lymph nodes.

Calcified thyroid specimens

When processing calcified thyroid tissue by  
FS, the mechanical interaction between cal- 
cific deposits and microtome blades often 

caused blade deterioration, leading to vertical 
tissue fragmentation and inadequate section-
ing (Figure 3A). Microscopic evaluation at 20× 
revealed fragmented peri-calcification tissue 
with distinct blade streaks and significant ar- 
chitectural disruption (Figure 3B), while 40× 
examination showed complete fragmentation 
of calcified foci with extensive blade-induc- 
ed tissue destruction and architectural loss 
(Figure 3C), rendering the vertical axis of calci-

Figure 2. Comparative analysis of intraoperative FS quality and H&E staining in adipose-rich lymph nodes before 
and after protocol optimization. (A) Conventional FS preparation of adipose-rich lymph nodes. (B) H&E-stained sec-
tion prepared using conventional methods (scale bar: 2 mm, magnification 20×). (C) Higher magnification (scale 
bar: 350 μm, magnification 40×) of the red-framed area in (B), demonstrating tissue artifacts. (D) Optimized FS 
preparation method. (E) H&E-stained section prepared using the improved protocol (scale bar: 2 mm, magnifica-
tion 20×). (F) Higher magnification (scale bar: 350 μm, magnification 40×) of the red-framed area in (E), showing 
enhanced tissue preservation.
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fications non-diagnostic. After protocol refine-
ment, sections displayed substantially reduced 
blade damage with enhanced structural preser-
vation (Figure 3D). At 20×, tissues showed min-
imal fragmentation, faint blade marks, and 
maintained follicular architecture (Figure 3E); 
40× views demonstrated intact calcifications 
with subtle blade artifacts and preserved peri-
calcification histology (Figure 3F). The optimiz- 
ed protocol consistently yielded sections with 

intact calcifications, minimal blade artifacts, 
and undisturbed surrounding architecture, per-
mitting reliable pathological assessment.

Discussion

The quality of cryopreparation is pivotal for 
accurate intraoperative FS diagnosis, with clini-
cal studies revealing lesion-dependent diag-
nostic variability. For breast lesions, diagnostic 

Figure 3. Comparative analysis of intraoperative FS quality and H&E staining in calcified thyroid specimens before 
and after protocol optimization. (A) Conventional FS preparation of calcified thyroid specimens. (B) H&E-stained 
section prepared using conventional methods (scale bar: 2 mm, magnification 20×). (C) Higher magnification (scale 
bar: 350 μm, magnification 40×) of the red-framed area in (B), demonstrating tissue artifacts. (D) Optimized FS 
preparation method. (E) H&E-stained section prepared using the improved protocol (scale bar: 2 mm, magnifica-
tion 20×). (F) Higher magnification (scale bar: 350 μm, magnification 40×) of the red-framed area in (E), showing 
enhanced tissue preservation.



Optimized frozen sectioning enhances section quality

318	 Int J Clin Exp Med 2025;18(12):312-319

concordance rates demonstrate size-depen-
dent differences: 84.85% for tumors ≤3 cm  
versus 94.44% for larger lesions (>3 cm) [12, 
13]. Ovarian tumor evaluations show distinct 
accuracy patterns: 98.53% for benign cases, 
50.00% for borderline tumors, and 90.63% for 
malignant lesions, culminating in 95.40% over-
all diagnostic accuracy [14, 15].

FS preparations frequently exhibit detecta- 
ble morphological and architectural variations 
when compared to routine paraffin-embedded 
sections [16]. To mitigate these discrepancies, 
histotechnologists require specialized exper-
tise in three critical domains: tissue-specific 
cryopreservation methods, precise operation 
of cryostat equipment, and the consistent pro-
duction of diagnostic-quality sections that sat-
isfy pathological interpretation requirements 
[17].

To achieve optimal cryosection quality, we em- 
phasize five essential technical parameters: (a) 
tissue-specific freezing temperature optimiza-
tion; (b) precise microtome blade angle adjust-
ment; (c) technical expertise in cryoprocessing 
techniques; (d) customized processing proto-
cols based on tissue characteristics; and (e) 
rigorously standardized staining procedures. 
Sienko et al. [18] demonstrated that the prepa-
ration of optimal frozen tissue specimens rep-
resents a fundamental prerequisite for accu-
rate intraoperative pathological diagnosis. Han 
et al. [19] revealed that FS diagnosis is a criti- 
cal step in managing patients with pulmonary 
lesions, as the quality of the sections directly 
affects surgical decision-making. When prop-
erly executed, our comprehensive approach 
yields sections demonstrating preserved tissue 
architecture, consistent thickness (4-5 μm), 
enhanced staining contrast, and diagnostic cel-
lular/nuclear detail essential for accurate path-
ological evaluation. Besides grossing skills and 
interpretative skills, staffing and space/equip-
ment adequacy are also required [20, 21]. 
When encountering technical challenges, his- 
totechnologists should implement a structured 
troubleshooting protocol: first conducting root 
cause analysis, then applying evidence-based 
corrective measures while incorporating accu-
mulated practical expertise. The maintenance 
of continuous quality improvement through sys-
tematic problem-solving and progressive skill 
refinement remains paramount. Ultimately, pro-

ficient histotechnologists must reliably gener-
ate diagnostic-quality FS within the demanding 
temporal parameters of intraoperative settings, 
thereby delivering consistent technical support 
for precise pathological interpretation.

Conclusion

Our findings demonstrate that the implemen- 
tation of tissue-specific processing protocols  
is essential to produce high-quality sections 
with optimal architectural integrity, uniform 
thickness, superior staining contrast, and well-
defined nuclear-cytoplasmic differentiation. 
These characteristics are critical determinants 
for accurate and reliable intraoperative patho-
logical assessment.
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