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ARTICLE INFO ABSTRACT
Keywords: Aim: Tissue shrinking due to fixation and processing is well known. However, the degree of shrinking varies
Tissue shrinking significantly with the tissue type as well as the processing method and is not well studied in various tissues. In
Lung bronchi daily pathological routine workflow, histological specimens from frozen and paraffin sections are performed

Tissue processing

Ti fxati from the same tissue. In the present study we compared the thickness of bronchus walls obtained from paraffin
issue fixation

and frozen sections.

Methods: Pig lungs were frozen in ventilated condition in liquid nitrogen and 36 bronchi were isolated after
dissection. Frozen sections of 5 um thickness were performed and the remaining tissue was fixed and embedded
in paraffin after fixation in 4% formalin. Frozen and paraffin sections from the same cutting edge were analysed
after haematoxylin and eosin staining by measuring the wall thickness of the bronchi using high power fields of
400-fold magnification. In each bronchus 40 measurements were implemented at different wall positions dis-
tributed over the entire wall area. Summed up, in each group 1440 wall measurements were performed in total.
Statistical analysis was conducted using the Wilcoxon test and t-test as well as Pearson’s correlation coefficient
with a significance level at P < 0.05.

Results: The bronchial wall thickness was significantly (p < 0.001) smaller in frozen sections (median:
0.50 mm; min: 0.37 mm; max: 0.97 mm) compared to paraffin sections (median: 0.58 mm; min: 0.35 mm; max:
1.06 mm). The median difference between paraffin and frozen sections was 0.05mm (min: -0.11 mm; max:
0.22mm). The wall thickness ratio of both groups was as follows: frozen/paraffin section = 0.8609, thus
yielding a difference between paraffin and frozen of 13.91%. High correlation was found between wall thickness
measurements on paraffin and frozen sections (R = 0.87, p < 0.001).

Conclusions: The bronchus wall thickness in the frozen section was 14% reduced compared to the paraffin
section. In routine pathology as well as in scientific studies these results are of relevance, as airway wall
thickness represents a relevant marker for pathological interpretation, especially using CT image techniques.

Paraffin sections
Frozen sections

1. Introduction well documented in surgical pathology [1]. Multiple influences have
been established, including fixatives such as alcohol, formalin [2] or
Tissue shrinking due to fixation and tissue processing procedures is formaldehyde [3,4], the embedding of tissue in paraffin as well as
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subsequent cutting and stretching [4]. Tissue shrinking also occurs
when frozen sections are performed [5]. Besides histological prepara-
tion, shrinking artefacts are well known due to critical point drying and
glutaraldehyde tissue processing for electron microscopy [6-9]. Even
the exposition to air was documented as a cause of tissue retraction
[1,10]. The extent of shrinking varies significantly depending on the
used fixative, the type of tissue, the size of the fixed specimen and the
method of tissue processing. Moreover, the age of the patient has been
demonstrated to be a possible modulating factor [1,11].

Tissue shrinkage has been reported in various tissue types and
preparation methods. Abramson et al. showed a fixation-associated
difference in the length of optic nerves of about 30% between the
surgeon’s measurement immediately after enucleation and the mea-
surement of the surgical pathologist prior to processing [1]. Other optic
tissue types like uveal melanomas [12] cornea [13] and corneal epi-
thelial cells also undergo shrinkage due to fixation and processing [6].

The investigation of human malignant melanomas revealed that the
age of the patients influences tissue shrinkage [14] ranging from 15% to
25% [15]. An experimental study on human epithelial and melanocytic
tumors revealed an initial tissue shrinkage due to loss of skin tension
followed by increasing tumor thickness after histologic processing [16].
These findings suggested that the effect of initial shrinkage was re-
versed by the tissue processing procedure [16]. In this context, the skin
location of the explant may play a role in tissue shrinkage, since in an
animal study shrinkage after tissue removal occurred in samples from
the thorax, abdomen and rear leg, whereas shrinkage due to formalin
fixation was only found in samples from the thorax [17]. Tissue
shrinkage and distortion were also reported in arteries following for-
malin fixation [18,19] and paraffin embedding [19]. Interestingly, a
volume expansion of 4-13% was found when arteries were embedded
in glycol methacrylate and of 8% when glutaraldehyde was used for
fixation [19]. With a view to avoid shrinkage, tethering of bovine
pericardium to original dimensions during fixation in glutaraldehyde
led to a material extensibility nearly identical to that of fresh tissue
[20]. In head and neck oncological surgery, the surgeon often finds
significantly smaller tumor-free margins in situ than reported from the
histopathologic measurement after excision, formalin fixation and slide
preparation [21]. The measurement of human oral tongue carcinoma
specimens prior to and after histopathological processing revealed an
average tumor shrinkage of 20% [22]. Oral cavity mucosa and tongue
muscle underlay shrinkage of 30% in lingual surface mucosa and of
35% in deep tongue tissue. The shrinkage of labio-buccal mucosa was
47%. Interestingly, in this study the greatest proportion of shrinkage
occurred immediately after resection [21]. Also oral cavity tumors and
squamous cell carcinomas were shown to shrink significantly after
formalin fixation [23]. In contrast, fixation in formalin did not influ-
ence the tissue dimensions of palatal tonsils in comparison to direct ex
vivo measurements even following extended fixation time periods [24].

In a study by Schned et al. prostate shrinkage caused by fixation was
minimal (4%), but increased to 14.5% due to tissue processing.
Rehydration and expansion on the flotation bath caused tissue swelling
which adjusted shrinkage to some degree. Interestingly, formalin con-
centration, processing methods like whole-mount versus quadrant sec-
tions, tissue slice thickness, time period of alcohol dehydration and
temperature of the flotation bath had no influence on prostate tissue
shrinkage [25]. A neuropathological study on brains revealed a total
shrinkage of 48%, more than half of which was caused by fixation. In
contrast to the fixation time period, the formaldehyde concentration
had no impact on the extent of shrinkage [26]. Tissue shrinkage com-
plicates the evaluation of brain lesions, since sizes of hemispheres, in-
farction and oedema are influenced by processing induced shrinkage
[27].

A study on oesophageal shrinkage due to processing after tumor
resection revealed overall shrinkage after fixation of 50%, with the
upper margins undergoing a greater degree of shrinkage than the lower
margins and only little change of tumor length [28]. After low anterior

Pathology - Research and Practice 215 (2019) 152396

resection of rectal cancer significant tissue shrinkage occurs, resulting
in a poor correlation between the in situ measurement of length of the
distal margin and that determined by the pathologist [29]. Approxi-
mately 70% of shrinkage of colorectal resection specimens occur during
the first 10-20 min after removal and the remaining 30% occur after
fixation [10]. The shrinkage of porcine small and large intestine after
zinc salt fixation varied between 19% and 57% [30].

Lung tissue also underlies volume change due to fixation and his-
tological processing [31,32]. The degree of shrinkage seems to vary
considerably among different species and requires measurement of lung
dimensions after fixation and histological processing in different spe-
cies, particularly regarding interspecies physiologic studies [31]. Al-
though shrinkage of lung tissue caused by fixation and histological
processing has been reported, shrinkage of bronchial tissue and the
comparison of the two most commonly used methods in surgical pa-
thology, namely frozen and paraffin sectioning, have not yet been in-
vestigated. The present study was conducted to assess the size of
bronchial tissue in histological paraffin and frozen sections and to in-
vestigate if there was a difference in size between these two methods in
porcine bronchial tissue.

2. Material and methods
2.1. Animal experiment, tissue extraction and histological tissue preparation

The tissue samples used in this study derived from a previous
radiological-pathological animal investigation performed by
Achenbach et al. [33], which was further investigated histologically by
one of the present authors (C. Schmitt) [34]. For the intention of the
present study no additional animals were killed. A detailed description
of the animal experiments and methods of retrieving the inspected
bronchi are already given in the former publication [33,34]. In brief,
the lungs of four pigs were removed from the body and frozen in a
liquid nitrogen bath under ventilated conditions. The lungs were then
cut under frozen conditions and from the obtained slices bronchi were
isolated. Of these, frozen sections of 5um thickness were performed
immediately [33]. The surface of the cutting edge was marked on the
remaining tissue to guarantee the performance of a frozen and a par-
affin section from exactly the same cutting edge. The tissue was then
fixed in 4% formalin and embedded in paraffin. Afterwards, paraffin
sections of 5um thickness were performed. Both, frozen and paraffin
sections were stained with haematoxylin and eosin according to stan-
dardized methods. The slides were assessed for intactness of the ana-
tomical structures. Only complete bronchi with an entire intact wall,
including the epithelium, were taken for the histological investigation
[34].

2.2. Histological evaluation

In total, 36 bronchi were investigated. For each bronchus one frozen
and one paraffin section were analysed, so that a total of 72 slides were
assessed. For histological evaluation a light microscope (BX45,
Olympus, Hamburg, Germany) was used. Measurements were per-
formed with help of the microscope software Cell sense entry (Olympus,
Hamburg, Germany). Images were obtained using a microscope camera
(Olympus SC30, Olympus, Hamburg, Germany). The wall thickness of
the bronchi was investigated using high power fields (hpf) of 400-fold
magnification. In each bronchus 40 measurements were implemented
at different wall positions distributed over the entire wall area (Fig. 1)
[34]. Hence, in each group 1440 wall measurements were performed in
total.

2.3. Statistical analysis

Data collection and statistical analyses were conducted using
Microsoft Excel (Microsoft Excel 2010, Microsoft Corporation,



V.H. Schmitt, et al.

Pathology - Research and Practice 215 (2019) 152396

' 2t -7/
040 0

R

e

Fig. 1. Bronchus wall measurement.

In paraffin (left) and frozen sections (right) the wall thickness of bronchi was measured using high power fields (hpf) of 400-fold magnification with 40 measurements

at different wall positions in each bronchus.

Redmond, WA, USA) and SPSS Statistics 20 (IBM Deutschland GmbH,
Ehningen, Germany). Wilcoxon test and t-test were used as well as
linear regression analyses to calculate Pearson's correlation coefficient.
The significance level was set at P < 0.05.

3. Results

The bronchial wall thickness of frozen sections was smaller com-
pared to paraffin sections (Fig. 2) [34]. The difference in size between
paraffin and frozen sections was statistically highly significant
(p < 0.001).

In detail, the measurement of bronchial wall thickness of paraffin
sections gave the following values: median 0.58 mm, and mean value
0.60 mm, with a minimum of 0.35mm and a maximum of 1.06 mm.
The first quartile (Q1, percentile 25) amounted 0.46 mm and the third
quartile (Q3, percentile 75) 0.71 mm. In frozen sections, the bronchi

Table 1
Results of the bronchial wall thickness measurements of paraffin and frozen
sections.

Paraffin sections Frozen sections

n 36 36
Median 0.5750 0.4950
Mean value 0.5992 0.5444
Standard deviation 0.16674 0.16792
Minimum 0.35 0.37
Maximum 1.06 0.97
Percentiles 25 0.4600 0.4200
50 0.5750 0.4950
75 0.7100 0.6225

All values except the count of samples (n) are represented in the measuring unit
mm.
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Fig. 2. Bronchial wall thickness in paraffin and frozen sections.

Boxplots showing the bronchial wall thickness measurements of paraffin and frozen sections with a significantly smaller size of the bronchial wall in the frozen

specimens. The scale bar is scored in the measurement unit mm.
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Table 2
Results of the difference between paraffin and frozen section measurements.

Difference paraffin and frozen sections

n 36
Mean value 0.0547
Median 0.0450
Standard deviation 0.08389
Minimum -0.11
Maximum 0.22
Percentiles 25 0.0025
50 0.0450
75 0.1375

All values except the count of samples (n) are represented in the measuring unit
mm.

wall thickness had a median of 0.50 mm and a mean value of 0.54 mm,
with a minimum of 0.37 mm and a maximum of 0.97 mm. The first
quartile (Q1, percentile 25) was 0.42 mm and the third quartile (Q3,
percentile 75) amounted 0.62 mm (Table 1) [34].

The difference between paraffin and frozen sections amounted to
0.05mm for both the median and mean values, with a minimum of
-0.11lmm and a maximum of 0.22mm. The first quartile was
0.0025 mm and the third quartile was 0.14 mm (Table 2) [34]. Com-
paring the wall thicknesses using the ratios of the medians (paraffin
sections: 0.575mm; frozen sections: 0.495mm) and mean values
(paraffin sections: 0.5992 mm; frozen sections: 0.5444 mm) of both
groups gave values of frozen/paraffin section = 0.8609 (median) and
frozen/paraffin section = 0.9085 (mean value). Thus, in relative terms
the difference between paraffin and frozen sections amounted to
13.91% (median) or 9.15% (mean value), respectively.

Pearson's correlation coefficient revealed a highly significant cor-
relation between paraffin and frozen sections with R = 0.87 for both
median and mean value with p < 0.001 (Table 3 and Fig. 3).

4. Discussion

Rapid intraoperative frozen sectioning with subsequent confirma-
tion of the result using paraffin sections is an important method in
contemporary patient care. Tissue shrinkage caused by tissue fixation
and processing has been reported for several tissue types, including
optic tissue [1,6,12,13], skin [14-17], blood vessels [18,19], peri-
cardium [20], head and neck tissue [21-24,35], prostate [25], gyne-
cological specimens [36], neural tissue [26,27,37], tissue from the
gastrointestinal tract [10,28-30] and lung tissue [31,32,38,39]. Fur-
thermore, it is well known that discrepancies may occur in the eva-
luation of the most commonly used histological processing methods,
namely paraffin and frozen sections [40-49]. This has a great impact on
the daily routine work of surgical pathologists and scientific labora-
tories which use these methods. The present study represents the first
investigation to compare the thickness of bronchial tissue of histolo-
gical paraffin and frozen sections. In the present analyses, the bronchial
wall thickness of paraffin and frozen sections gave a difference of nearly
14%, with the larger values being obtained for the paraffin sections.
Achenbach et al. [33] have shown that the wall thickness was over-
estimated by 11% on the CT images, but the correlation between the
wall thickness measurements on the frozen sections and on the CT
images was very high (R = 0.951). In the present study, a high
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correlation between the wall thickness estimation on the frozen sections
and on the paraffin sections was found (Pearson's R = 0.87, p-
value < 0.001). This suggests that there is also a high correlation be-
tween the wall thickness determination on the paraffin sections and on
the CT images. However, it has always to be kept in mind that the
absolute wall thickness values differ significantly between frozen and
paraffin sections and frozen section and CT images.

The present results are highly relevant for intraoperative tumor or
resection margin evaluation using frozen sections and their subsequent
verification by paraffin sections. Fixation- and processing-induced
tissue shrinkage are crucial when samples are compared after different
processing procedures [30] and must be considered in the evaluation of
oncological specimens with respect to tumor size, resection margins or
correctness of the size of the anatomical site [21]. Tissue shrinkage may
occur even before the specimen reaches the pathologist. Thus, in giant
cell arteritis it was suggested to resect routinely longer temporal artery
biopsy specimens in order to reduce the risk of diagnostic inaccuracy
due to shrinkage caused by chemical fixation [18]. A significant dis-
crepancy in size between in situ reported tumor-free margins and the
subsequent histopathological measurement is often found in head and
neck oncological surgery. In one study specimens of oral cavity mucosal
and tongue muscle shrank significantly after resection and it could be
shown that an in situ margin of resection of at least 8-10 mm was ne-
cessary to obtain a pathologically clear margin of 5mm [21]. Due to
significant shrinkage of human head and neck tissue caused by formalin
fixation immediate measurement of the tumor after explantation is
required to avoid underestimation of the tumor size [23].

After low anterior resection of rectal cancer pinning of the speci-
mens was suggested as a feasible method to maintain the length of the
distal margin between the lower border of the tumor and the level of
division, since no significant difference before and after fixation was
found if the specimen had been pinned, but significant shrinkage did
occur with fixation when the specimen had not been pinned [29].
Considerable shrinkage has also been observed in esophagus specimens,
causing discrepancies when comparing measurements by surgeons and
pathologists regarding the length of the margins after tumor resection
[28]. Furthermore, in the evaluation of brain tissue shrinkage due to
processing complicates the assessment of lesions. It was therefore sug-
gested to express the size of brain lesions like infarction and edema in
relative terms to the hemisphere rather than by absolute measures,
since this represents a robust method to state brain lesions independent
of the investigated fixation procedures [27]. Regarding prostate cancer,
correction factors were developed to calculate tumor volumes from
microscopic slides with the aim of compensating for shrinkage of
prostate tissue due to fixation and processing. However, also this
method was shown to be vulnerable, since the available tissue-
shrinkage correction factors may not be applicable for all laboratories
on account of interlaboratory variations in tissue-processing procedures
or differences in measuring shrinkage [25]. Moreover, some calculated
tumor volumes that have been used for prognostic thresholds may be
too high because of inflated tissue-shrinkage correction factors [25].

Shrinkage is not just a phenomenon in fixation and processing of
paraffin sections, but is also well-known in processing frozen sections.
In an interesting study by Gardner et al. the degree of tissue shrinkage
was assessed in specimens from Mohs micrographic surgery [5]. These
were processed using routine frozen sections and subsequent hema-
toxylin and eosin staining. The group revealed significant alterations in

Table 3
Correlation between paraffin and frozen sections.
R 95% confidence interval Standard deviation P-value
paraffin _frozen (median) 0.874 0.700; 1,036 0.083 < 0.001
paraffin_frozen (mean value) 0.869 0.696; 1.041 0.085 < 0.001

Linear regression analyses calculating Pearson's correlation coefficient with a significance level at P < 0.05. N = 36. R: Pearson’s correlation.
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Fig. 3. Correlation between paraffin and frozen sections.
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Scatterplots showing the correlation between paraffin and frozen section of median (left) and mean value (right). The scale bar is scored in the measurement unit mm.

length, with specimens being 12% shorter after histological processing
compared to the measurements of the same specimens obtained im-
mediately after surgical excision. Tissue specimens obtained from the
trunk or extremities showed a greater degree of tissue shrinkage (16%)
than specimens obtained from the head and neck (10%) [5]. In the
present study, for the first time the bronchial wall thickness in paraffin
and frozen sections was compared. A significant difference could be
found between both groups, and high correlation between the wall
thickness estimation on the frozen sections and paraffin sections was
found. These are important results for current clinical routine practice
as well as for future studies. For example, by using airway analysis in
CT images it could be shown that bronchial dimensions depend on the
smoking status. Smoking-induced airway remodeling can be partially
reversible after smoking cessation even in long-term heavy smokers
[50]. In another study, CT based airway analysis was used to show that
bronchial thermoplasty reduced airway wall thickness in patients with
severe asthma [51]. For the evaluation and improvement of radi-
ological methods, the results of the present study concerning differ-
ences in airway dimension between paraffin and frozen sections are of
great importance.

5. Conclusions

For the first time, tissue shrinkage was compared in paraffin and
frozen sections of the bronchus wall. In the present animal study
bronchus wall thickness significantly differed between the two
methods. These results are of interest in both daily surgical pathology
routine, e. g. the postoperative evaluation of tumor-free margins, and in
scientific issues, since bronchus wall thickness represents a relevant
marker for pathological interpretation especially by CT image analysis.
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