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Journal Impact Factor

The Journal Impact Factor (JIF) is a journal-level metric calculated from data indexed in the Web of Science Core Collection. It
should be used with careful attention to the many factors that influence citation rates, such as the volume of publication and
citations characteristics of the subject area and type of journal. The Journal Impact Factor can complement expert opinion and
informed peer review. In the case of academic evaluation for tenure, it is inappropriate to use a journal-level metric as a proxy
measure for individual researchers, institutions, or articles. Learn more
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View all years
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View All in Web of Science

Journal Citation
Indicator (JCI)
0.28

download Export

The Journal Citation Indicator (JCI) is the average Category
Normalized Citation Impact (CNCI) of citable items (articles &
reviews) published by a journal over a recent three year
period. The average JCI in a category is 1. Journals with a JCI
of 1.5 have 50% more citation impact than the average in that
category. It may be used alongside other metrics to help you
evaluate journals. Learn more
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The total number of times that a journal has been cited by all
journals included in the database in the JCR year. Citations to
journals listed in JCR are compiled annually from the JCR
years combined database, regardless of which JCR edition lists
the journal.
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The Citation Distribution shows the frequency with which items published in the year or two years prior were cited in the JCR data
year (i.e., the component of the calculation of the JIF). The graph has similar functionality as the JIF Trend graph, including hover-over
data descriptions for each data point, and an interactive legend where each data element's legend can be used as a toggle. You can
view Articles, Reviews, or Non-Citable (other) items to the JIF numerator. Learn more
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The data included in this tile summarizes the items published in the journal in the JCR data year and in the previous two years. This
three-year set of published items is used to provide descriptive analysis of the content and community of the journal. Learn more
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*Citations in 2024 to items published in [2022 - 2024]
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Rank by Journal Impact Factor
Journals within a category are sorted in descending order by Journal Impact Factor (JIF) resulting in the Category Ranking below. A
separate rank is shown for each category in which the journal is listed in JCR. Beginning in 2023, ranks are calculated by category.
Learn more
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Science Citation Index Expanded (SCIE)
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2020 198/211 Q4

2019 193/210 Q4
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6.8
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Rank by Journal Citation Indicator (JCI)
Journals within a category are sorted in descending order by Journal Citation Indicator (JCI) resulting in the Category Ranking below.
A separate rank is shown for each category in which the journal is listed in JCR. Data for the most recent year is presented at the top of
the list, with other years shown in reverse chronological order. Learn more
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5.6 years
The Cited Half-Life is the median age of the items in this journal
that were cited in the JCR year. Half of a journal's cited items were
published more recently than the cited half-life.
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All years 688 citations 100.00% 305 sourceskeyboard_arrow_right
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Top 20 journals citing PLAST SURG-CHIR PLAS by number of citations
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Additional metrics

Source data
This tile shows the breakdown of document types published
by the journal. Citable Items are Articles and Reviews. For the
purposes of calculating JIF, a JCR year considers the
publications of that journal in the two prior years. Learn more
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Average JIF Percentile download Export

The Average Journal Impact Factor Percentile takes the sum of
the JIF Percentile rank for each category under consideration,
then calculates the average of those values. Learn more
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Contributions by
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Organizations that have contributed the most papers to the
journal in the most recent three-year period. Learn more
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Contributions by
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Countries or Regions that have contributed the most papers to
the journal in the most recent three-year period. Learn more
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The Eigenfactor Score is a reflection of
the density of the network of citations
around the journal using 5 years of
cited content as cited by the Current
Year. It considers both the number of
citations and the source of those
citations, so that highly cited sources
will influence the network more than
less cited sources. The Eigenfactor
calculation does not include journal
self-citations. Learn more
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The Normalized Eigenfactor Score is
the Eigenfactor score normalized, by
rescaling the total number of journals
in the JCR each year, so that the
average journal has a score of 1.
Journals can then be compared and
influence measured by their score
relative to 1. Learn more
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The Article Influence Score normalizes
the Eigenfactor Score according to the
cumulative size of the cited journal
across the prior five years. The mean
Article Influence Score for each article
is 1.00. A score greater than 1.00
indicates that each article in the
journal has above-average influence.
Learn more
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5 Year Impact
Factor
1.1
View Calculation

download

The 5-year Impact Factor is the average
number of times articles from the
journal published in the past five years
have been cited in the JCR year. It is
calculated by dividing the number of
citations in the JCR year by the total
number of articles published in the five
previous years. Learn more
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The Immediacy Index is the count of
citations in the current year to the
journal that reference content in this
same year. Journals that have a
consistently high Immediacy Index
attract citations rapidly. Learn more
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Impact Factor: 0.6
5-Year Impact Factor: 1.1
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Experimental Investigation into the Effect of
Variable Inflation Intervals on Capsule
Thickness in Tissue Expander

Étude expérimentale de l’effet d’intervalles d’inflation variables
sur l’épaisseur de la capsule dans l’expanseur tissulaire

Buket Dursun Coban, MD1 , Can Ilker Demir, MD2 ,
Emrah Kagan Yaşar, MD3 , Ismail Tekfiliz, MD3,
Murat Sahin Alagoz, PhD, MD3, and Busra Yaprak Bayrak, MD4

Abstract
Introduction: Increasing the thickness of the capsule around the tissue expander, as in breast reconstruction complicates the
expansion process and increases the time to achieve the required flap size. The aim of this study was to investigate the effect of
changes in inflation intervals and amounts on the capsule thickness around the tissue expander.Methods: Fifteen adult rats were
divided into 3 groups, and 25 cc elliptical tissue expanders were placed on the back of each, and inflated with 5 cc saline.
Expanders were inflated daily in Group 1, every 3 days in Group 2, and every 10 days in Group 3. Inflation was stopped,
then expanders were removed and skin flaps were harvested after the results of the expansion were measured. Biopsies con-
taining skin and capsule tissue were evaluated by histomorphometry and immunohistochemistry. Results: Skin flaps were mea-
sured as 81 cm2 in Group 1 and 89.3 cm2 in both Groups 2 and 3. When capsule thickness and number of vessels were examined;
the thickest capsule was found in Group 2 while Group 3 had the densest vascularization. On histopathological examination of
the biopsies, no significant difference was found between groups, except for the histiocyte density, which was the lowest in
Group 1 and the highest in Group 3. Conclusions: This experiment showed that inflating tissue expander in small amounts
at frequent intervals decreased the thickness of the capsule but it resulted in smaller skin flaps. Thus, it may be beneficial to
adopt this protocol in some patients, for example in patients who are predicted to have increased capsule thickness due to
the effect of radiotherapy and/or chemotherapy, or who are prone to fibrosis. Additionally, in patients whose flap size is impor-
tant, it may be reasonable to inflate the tissue expander at less frequent intervals and in relatively large volumes for preventing
flap loss and avoiding an increase in capsule thickness.

Résumé
Introduction: L’accroissement de l’épaisseur de la capsule entourant l’expanseur tissulaire utilisé pour la reconstruction
mammaire complique le processus d’expansion et rallonge la période nécessaire pour obtenir un lambeau de la dimension voulue.
La présente étude visait à examiner l’effet des changements aux intervalles d’inflation et à l’épaisseur de la capsule autour de
l’expanseur tissulaire. Méthodologie: Quinze rats adultes ont été divisés en trois groupes. Des expanseurs tissulaires elliptiques
de 25 cc ont été placés sur le dos de chacun d’eux et gonflés à l’aide de 5 cc de chlorure de sodium. Les expanseurs ont été
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gonflés tous les jours dans le groupe 1, tous les trois jours dans le groupe 2 et tous les dix jours dans le groupe 3. L’inflation a été
interrompue, puis les expanseurs ont été retirés, et les lambeaux cutanés ont été prélevés après la mesure de l’expansion. Des
biopsies contenant de la peau et des tissus capsulaires ont été évaluées par histomorphométrie et immunohistochimie.
Résultats: Les lambeaux cutanés mesuraient 81 cm2 dans le groupe 1 et 89,3 cm2 dans les groupes 2 et 3. À l’examen de
l’épaisseur capsulaire et du nombre de vaisseaux, la capsule la plus épaisse se trouvait dans le groupe 2, tandis que le groupe
3 présentait la vascularisation la plus dense. À l’examen histopathologique des biopsies, les chercheurs n’ont observé aucune
différence significative entre les groupes, sauf la densité des histiocytes, qui était plus faible dans le groupe 1 et plus élevée
dans le groupe 3. Conclusion: Cette expérience a révélé que de petites inflations de l’expanseur tissulaire à de fréquents
intervalles réduisaient l’épaisseur de la capsule, mais produisaient de plus petits lambeaux cutanés. Il peut donc être
bénéfique d’adopter ce protocole chez certains patients, par exemple lorsqu’on leur prédit une plus grande épaisseur capsulaire
en raison de l’effet de la radiothérapie ou de la chimiothérapie ou d’une prédisposition à la fibrose. De plus, chez les patients dont
la dimension du lambeau est importante, il peut être raisonnable de gonfler l’expanseur tissulaire à des intervalles
moins fréquents et à des volumes relativement importants pour prévenir la perte du lambeau et éviter l’augmentation de
l’épaisseur capsulaire.

Keywords
tissue expander, capsular contracture, breast reconstruction, flap

Mots-clés
contracture capsulaire, extenseur tissulaire, lambeau, reconstruction mammaire

Introduction

Tissue expansion has revolutionized reconstructive surgery by
enabling the creation of additional tissue through a controlled
process of mechanical stretching, thus minimizing donor site
morbidity and improving tissue compatibility. This technique
leverages the body’s natural ability to respond to mechanical
stress, offering a unique solution to complex defect repairs.1

However, the journey from tissue expansion to successful
reconstruction is not without challenges. A critical issue
encountered, especially in breast reconstruction, is the forma-
tion of a thick fibrous capsule around the expander, leading to
complications such as capsular contracture. This phenomenon,
with an incidence rate ranging from 13.7% to 45%, can severely
impede the aesthetic and functional outcomes of the reconstruc-
tion.2 Capsule thickness not only hampers the tissue expansion
process but also limits the size and mobility of the flaps, thus
compromising the desired reconstructive results.3,4

In response to these challenges, extensive research has
explored various pharmacological interventions to mitigate
capsule formation, including the use of botulinum toxin, leuko-
triene antagonists, steroids, and estradiol. Despite these efforts,
the optimal approach to minimizing capsule thickness remains
elusive.5–9

This study was designed to address this gap by investigating
a novel aspect of tissue expander use the impact of inflation
intervals and volume changes on capsule thickness. We hypoth-
esized that varying the time between inflation sessions and
adjusting the inflation volumes would significantly influence
capsule formation, thereby providing new insights into optimiz-
ing the tissue expansion process. Using an animal model, we
aimed to elucidate the effects of these variables on capsule

thickness, with the ultimate goal of enhancing reconstructive
outcomes.

Methods

This study was conducted following the approval of the Animal
Research Ethical Committee of Kocaeli University (Project No:
2021/01). Fifteen young adult Sprague-Dawley rats (mean age:
8 weeks, weight: 250-350 g) were housed individually under
controlled conditions: a 12-hour light/dark cycle (lights on at
08:00), temperature maintained at 22± 2 °C, and humidity at
60% to 70%.

Experimental Model

The rats were randomly allocated into 3 groups (n= 5 per
group). The objective was to inflate the tissue expanders with
varying volumes of saline over a 30-day period, differing in
the frequency and volume of inflation. Group 1 received 1 cc
of saline daily, Group 2 received 3 cc of saline every 3 days,
and Group 3 received 10 cc of saline every 10 days.

Surgical Procedure and Tissue Expansion Protocols

Anesthesia was administered using an intraperitoneal injection of
50 mg/kg ketamine and 10 mg/kg xylazine HCl. Prophylaxis was
provided with a single dose of cefazolin sodium (30 mg/kg). Each
rat had a 25 cc (6× 4 cm) silicone tissue expander placed subcu-
taneously on the back. The procedure involved positioning the
rats prone, with limbs abducted at 120°, shaving and preparing
the surgical area, and marking a 7× 7 cm area with the top
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point at the interscapular line (Figure 1A). Adaptation sutures
were placed at the lateral and superior edges, followed by a
3 cm horizontal incision in the right lumbar region to access the
subcutaneous tissue and panniculus carnosus (Figure 1B). Blunt
dissection was used to create a pocket under the marked 7×
7 cm skin island for the tissue expander and its port, which
were inserted under sterile conditions (Figure 1C). The incision
was closed with 4/0 silk sutures, and the operation was completed
with appropriate dressing (Figure 1D). Each expander was
initially inflated with 5 cc of saline perioperatively (Figure 2A).

Over the subsequent 30 days, the expanders were periodically
inflated according to the group-specific protocols. Inflation was
stopped on day 30 in all groups, reaching a final volume of
35 cc (Figure 2B). The area of expansion was calculated using
the formula “Area=Width×Length” based on measurements
taken from the fixed sutures (Figure 2C). On day 31, tissue
expanders were removed, and histopathological and immunohis-
tochemical analyses were performed on the capsule tissues sur-
rounding the expanders.

Histopathological Examination

After achieving the maximum targeted volume of 35 cc, tissue
samples were collected on day 31. The rats were
re-anesthetized, and the previously marked surface area on
the back was remeasured to calculate changes in the area
(Figure 2C). The expanded skin was divided into 4 quadrants,
and full-thickness biopsies of 4 cm² (2× 2 cm) were taken
from the left upper and right lower quadrants (Figure 3A).
The saline was drained from the expanders, which were then
removed (Figure 3B). Following macroscopic evaluation and
photography (Figure 3C), tissues were fixed in 10% formalin
for histopathological examination.

Tissue samples were processed in 10% formalin for 24 h,
embedded in paraffin, and sectioned into 4 μm slices.
Hematoxylin-eosin (H&E) staining was performed.
Histopathological evaluation assessed capsule tissue, dense
regular connective tissue, loose connective tissue content, gran-
ulation tissue, inflammatory cell infiltration (neutrophils and
lymphocytes), fibroblast counts, and neovascularization. Each
parameter was graded on a scale from 0 to 3 (0= absent; 1=
mild; 2=moderate; 3= severe).10 Capsule thickness was mea-
sured in micrometers at 4 different sites, and the mean thickness
was calculated (Figure 4).

Immunohistochemical Analysis

Immunohistochemical staining was conducted on 4 μm thick
sections using CD68 (CL1338, monoclonal, and
AMAB90873) and smooth muscle actin (SMA; SP171, mono-
clonal, and SAB5500002) antibodies. Staining was performed
using a Ventana automated device (Roche Ventana) with
Optiview and Ultraview DAB kits. Tonsil tissue served as a
positive external control. The percentage of capsular area and
vascular structures stained with SMA, and the percentage of

histiocytes stained with CD68, were quantified automatically
using an Olympus BX50 microscope.

Statistical Evaluation

Statistical analyses were performed using SPSS, version 20.0
(IBM Corp., Armonk, NY, USA). The Shapiro-Wilk test was
used to assess normal distribution. Numerical variables are pre-
sented as medians (25th-75th percentile, interquartile range).
Group differences were analyzed using Kruskal-Wallis
one-way ANOVA and Dunn’s multiple comparison test for
nonnormally distributed data. A P-value <.05 was considered
statistically significant.

Results

Flap Surface Area

The mean resulting skin surface area, as defined by the marking
sutures, was 81 cm² in Group 1, corresponding to a 65.3%
increase in area. In Groups 2 and 3, the mean resulting
surface area was identical at 89.3 cm², representing an 82.2%
increase in both groups (Figure 5). Although Groups 2 and 3
showed a greater percentage increase compared to Group 1,
intergroup comparisons revealed no statistically significant dif-
ferences in the surface area expansion among the 3 groups (P>
.05). Detailed results and statistical analyses are presented in
Table 1, which illustrates the distribution and variability of
surface area changes across the groups.

Histological Examination

The median number of vessels identified per high-power field
was 70 in Group 1, 90 in Group 2, and 95 in Group 3, with
no statistically significant differences observed among the
groups (P= .15) (Figure 6A). The angiogenic response, as
measured by vessel density, appeared to be slightly more pro-
nounced in Groups 2 and 3, possibly reflecting the effects of dif-
ferent inflation protocols on vascular proliferation.

The greatest median capsule thickness was observed in
Group 2, with a median value of 1000 μm (IQR:
950-1050 μm). Group 1 exhibited a median thickness of
600 μm (IQR: 580-620 μm), while Group 3 had a median thick-
ness of 720 μm (IQR: 700-740 μm) (Figure 6B). Despite the
noticeable differences in median values, the statistical compar-
ison did not indicate significant differences in capsule thickness
between the groups (P= .09). These findings suggest that the
interval and volume of inflation may influence capsule thick-
ness to some extent, although the variability within groups
could mask statistical significance.

Histopathological scoring of parameters such as PMNL
density, degree of fibrosis (Figure 6C), inflammatory signs,
increased fibroblast activity, and lymphocyte density revealed
no significant differences between the groups (P > .05 for all
comparisons). However, histiocyte density analysis demon-
strated a clear and significant increase in Groups 2 and 3

Dursun Coban et al 3



Figure 1. A schematic representation of the operation. (A) A 7× 7 cm area was marked on the rat’s back, with the highest point at the level of
the interscapular line and a 3 cm horizontal incision was planned from 3 cm caudal to the inferior border of this area. Adaptation sutures were
placed at the midpoint of both the lateral and cranial edges of the marked region (star). (B) A suitable pocket was prepared for the tissue
expander and its port by entering through the planned incision. (C) The tissue expander was placed in the prepared pocket. (D) The incision
was sutured primarily.
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compared to Group 1 (Figure 7, Table 2). Group 1 had no
detectable histiocyte presence (score 0), while Group 2 had a
score of 1 (mild presence) and Group 3 had a score of 2 (mod-
erate presence) (P= .025). The differential presence of histio-
cytes may indicate a varying degree of chronic inflammatory
response or foreign body reaction related to the inflation proto-
cols used.

Immunohistochemical analysis showed varying expression
levels of CD68 and SMA across the groups. While CD68 stain-
ing, indicative of macrophage activity, was minimal in Group 1,
it was more pronounced in Groups 2 and 3, correlating with the
histiocyte density findings (Figure 6D). SMA staining revealed
consistent smooth muscle actin presence across all groups, with
no significant differences in the percentage of stained capsular
area or vascular structures (Figure 8). These findings suggest
that while the overall inflammatory and fibrotic responses

were similar, the presence of macrophages may be more sensi-
tive to changes in inflation timing and volume.

Discussion

In postmastectomy alloplastic breast reconstruction, one of the
major problems seen is contraction of the capsule, reported to
affect between 13.7% and 45% of patients.2 It has been reported
that increasing the thickness of the capsule around the tissue
expander is one of the most important factors affecting the
final success of the tissue expansion process.3 Increasing the
thickness of the capsule not only complicates the tissue expan-
sion process, but also reduces the size and movement of the
flaps provided after expansion, making it difficult to achieve
the desired reconstructive and aesthetic result.4 For breast
reconstruction surgery, this increase in capsule thickness may

Figure 2. (A) Lateral view of the inserted tissue expander and the tissue expander was inflated peroperatively through its port using a
butterfly needle. (B) Image of tissue expander with 35 cc final volume. (C) At the end of the expansion process, the length and width of the
expanded tissue were measured.

Figure 3. (A) An area of 4 cm2 was planned from the left upper and right lower quadrants for capsule and skin biopsy. (B) In order not to
damage the tissue expander, the tissue expander was removed before biopsies were taken. (C) Representation of the capsule tissue in the
biopsy material.
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result in an insufficiently sized pouch for the permanent pros-
thesis. Then, due to being unable to place the desired prosthesis,
the breast projection may be inadequate. In addition, contrac-
ture around the implant may occur later and revision surgeries
may be required due to this contraction.3,4

Capsule formation is a natural reaction of the body to foreign
bodies. Capsular contraction may occur as the capsule tissue
increases in thickness and becomes fibrotic. Even though the
relationship between capsule thickness and capsular contracture
has not yet been fully elucidated, several studies have demon-
strated that Baker III and IV capsules are thicker than Baker I
and II capsules.11 Many factors have been suggested to cause

this contraction but the exact mechanism is, as yet,
unknown.12,13 The implant surface structure has been shown
to affect the formation of capsular contracture and textured
surface implants are less likely to cause capsular contracture
than smooth surface implants.5,14 However, in recent years, it
has been found that the probability of developing
implant-associated anaplastic large cell lymphoma
(BIA-ALCL) is higher in textured implants than in smooth-
surfaced implants.15 Since textured implants are associated
with this higher risk of lymphoma, smooth surface implants
have again become more widely used. This has resulted in a
renewed interest in understanding and preventing capsule

Figure 4. (A) The preparation of skin and capsule tissue biopsies on the back of rats. (B) The capsule biopsies were measured and prepared for
microscopy examination.
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contraction. Many studies have been carried out to try to make
the tissue expansion process safer and in a shorter time, and
many pharmacological agents have been tried.6–9,16

It is thought that myofibroblasts (contractile fibroblasts) are a
significant factor in causing capsular contracture.17,18 Thus
there has been much research into the efficacy of anti-
contractile drugs on capsule thickness.18–20 Tang et al20 inves-
tigated the use of topical versus catheter-injected papaverine in

a minipig model with tissue expanders placed on the animals’
backs. The increase in area was greatest in the animals receiving
topical papaverine, and the collagen and fibroblast alignment
was more regular in capsule biopsies from this group.

Contractile fibroblasts arise in connective tissue as a
response to mechanical stress and tend to resist applied pressure
and force. In wound healing pathophysiology, fibroblasts are
the dominant cell type from the third day until the second

Figure 5. Comparison of the median values of the flap surface areas of the experimental groups after the expansion process.

Table 1. After the Experimental Tissue Expansion Procedure, the Length and Width of the Expanded Skin Flaps Were Measured and the
Resulting Area, the Gained Area, and the Percentage Increased Area Were Calculated and Compared.

Length (cm) Width (cm) Resulting area (cm2) The gain in area (cm2) Percentage gained area (%)

Group 1 Median 9 9 81 32 65.30
Mean 8.9 9.14 81.6 32.6 66.5
IQR 8.35-9.40 8.75-9.60 73.10-90.40 24.10-41.40 49.15-84.45

Group 2 Median 9.4 9.5 89.3 40.3 82.2
Mean 9.32 9.68 90.4480 41.4480 84.54
IQR 8.85-9.75 9.05-10.40 80.095-101.375 31.095-52.375 63.40-106.85

Group 3 Median 9.5 9.5 89.3 40.3 82.2
Mean 9.56 9.48 90.73 41.73 85.132
IQR 9.40-9.75 8.70-10.25 82.175-100.000 33.175-51.000 67.695-104.035
*P .191 .440 .331 .331 .331

Abbreviation: IQR, interquartile range.
Groups were statistically compared. A statistically significant difference was not detected (* P> .05).
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week. Fibroblasts synthesize type 1 collagen. At the end of the
second week, cytokines that inhibit this pathway are activated
with the effect of increasing the amount of collagen at the site
of healing, and fibroblast proliferation decreases.21 As the col-
lagen matures in the capsule tissue, fibroblast numbers decrease
and they are replaced by fibrocytes, with an increase in fibrosis
in the capsule tissue and the capsule thickens.22 In the present
study, although fibrosis was more marked in Group 3 in

which the tissue expanders were inflated excessively and infre-
quently in each session, fibroblasts were less evident. In addi-
tion, while the fibroblast density was similar in Groups 1 and
2, Group 2 exhibited greater fibrosis. Capsular fibrosis is
affected by many factors other than just fibroblast number
and action. In the wound healing and fibrosis cascade cells,
such as histiocytes, pericytes, and epithelial and endothelial
cells as well as fibroblasts are involved.21

Figure 6. (A) Assessment of vessel density in the capsule between groups (vessels are shown by arrows). (B) Measurement of capsule
thicknesses. (C) Fibrosis in the capsule. As collagen accumulation and maturation increase, the color becomes darker (arrows indicate collagen
deposition). (D) Sections stained with anti-CD68 showing histiocytes (arrowed) in representative tissue samples from the 3 groups. Group 1, a
low concentration of histiocytes seen; Group 2, a moderate density of histiocytes present; Group 3, the highest density of histiocyte infiltration
was found in this group (CD68, 400 × magnification), respectively.
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In addition, there is a complex milieu of cytokines and che-
mokines, including transforming growth factor beta (TGF-β),
platelet-derived growth factor (PDGF), and interleukins 1 and
6, all interacting with each other and the cellular compo-
nents.21,23 In recent years, it has been shown that hematopoietic
cells and, to a lesser degree, epithelial and endothelial cells all
contribute to collagen production in various fibrotic diseases.24

Therefore, although the fibroblast is the main cell responsible
for capsule formation, many other mechanisms may also
affect capsular fibrosis.

Histiocytes are the types of macrophages found in connec-
tive tissues. This cell type is responsible for reacting to the pres-
ence of foreign bodies.25 In the present study, Group 1
exhibited the least capsule thickness and the lowest scores for
fibrosis. In addition, there was scant evidence of histiocyte infil-
tration in tissue samples from this group. While the level of
fibrosis was similar in Groups 2 and 3, histiocyte infiltration
was more pronounced in Group 3. The statistical significance
of this difference indicates that histiocyte also plays a role in
the fibrosis mechanism.26 Histiocytes produce growth factors
and cytokines stimulating fibroblasts. Histiocytes stimulate
fibroblast activation in the early stages of capsular contracture
development and over time, collagen deposition in the
capsule becomes predominant and progresses to significant
scarring with fibrosis and symptomatic contracture.26,27 For

this reason, one area of research that deserves greater consider-
ation is the inhibition of histiocyte infiltration or inhibition of
action once in situ in the wound site.

The mechanical stress that occurs in the soft tissues with the
inflation of the tissue expander initiates cellular proliferation
and tissue regeneration and increases neovascularization.28 In
the present study, different mechanical stresses were applied
to the skin flap per unit of time by inflating tissue expanders
with different frequencies and volumes (Group 1 received 1
cc of saline daily, Group 2 received 3 cc of saline every 3
days, and Group 3 received 10 cc of saline every ten days.)
Accordingly, even if the fluid volumes in the expander were
the same on some days, it was thought that since this volume
was achieved gradually in Group 1, the mechanical effect at
that moment (and the response of the cells to this effect)
would be different from Group 3 which achieved this effect
suddenly. The mechanical stress created by the tissue expander
per unit time was the highest in Group 3 and also the number of
vessels was also the highest in this group with the opposite seen
in Group 1.

In the present study, inflating the tissue expander with a
small volume at frequent intervals in Group 1 reduced
capsule thickness and no histiocyte infiltration was seen.
However, the resulting flap surface area was the smallest,
although not significantly smaller than in Group 2 or 3.

Figure 7. Statistical evaluation results of histopathological data (0: none, 1: mild, 2: moderate, and 3: severe).

Dursun Coban et al 9



Group 1 also exhibited the least neovascularization, suggesting
a slower and more prolonged healing process. In clinical prac-
tice, calling patients to the hospital frequently for inflation can
be difficult both socially and financially. This is why, in suitable
patients, it is recommended to use the inflation interval applied
in Group 3, where capsule thickness is acceptable but skin flap
gain is high. By using this technique, both more skin flaps and
patient comfort can be achieved by inflating the tissue expander
to the level deemed appropriate by the skin flap circulation and

the patient’s pain threshold. However, it may be more beneficial
to inflate the tissue expander a small amount at more frequent
intervals, while sacrificing some skin flap gain in patients
who are prone to fibrosis or are predicted to have increased
capsule thickness due to the effect of radiotherapy and chemo-
therapy, such as in patients undergoing breast reconstruction.

This study has several limitations. Firstly, the use of a rat
model, while useful for initial assessments, may not fully repli-
cate the complexities of human tissue expansion and healing

Table 2. The Capsule Biopsies Were Evaluated and Scored Histopathologically Following the Tissue Expansion Protocol.

Capsule
thickness
(µm)

Inflammation
score

PMNL
count
score

Lymphocyte
count score

Histiocyte
count score

Fibroblast
count score Fibrosis

Number of
vessels

Group 1 1. rat 400 2 2 2 0 2 2 45
2. rat 1000 2 2 2 0 2 2 80
3. rat 520 2 1 2 1 1 3 70
4. rat 600 1 1 1 0 1 3 25
5. rat 1200 2 2 2 1 3 2 165
Median 600 2 2 2 0 2 2 70

Group 2 1. rat 420 1 1 1 1 1 3 100
2. rat 1000 2 2 2 1 2 3 85
3. rat 1000 2 2 1 0 2 2 90
4. rat 900 3 3 2 1 2 2 65
5. rat 1100 3 3 2 1 3 3 180
Median 1000 2 2 2 1 2 3 90

Group 3 1. rat 700 2 2 2 2 1 3 110
2. rat 1000 2 2 2 3 1 3 100
3. rat 720 2 2 2 1 2 2 95
4. rat 1000 2 2 2 3 2 3 40
5. rat 300 1 1 1 1 1 3 30
Median 720 2 2 2 2 1 3 95

P value .681 .502 .360 .727 .025* .392 .459 .505

Abbreviation: PMNL, polymorphonuclear leucocytes.
Statistical analysis was performed based on the Kruskall-Wallis test (*: Histiocyte density is P< .05, statistically significant).

Figure 8. (A) Smooth muscle actin (SMA) staining pattern in vascular structures within rat capsule tissue. (B) SMA staining pattern in both
vascular walls and fibroblasts, which enhances the contractile activity of rat subcutaneous fibroblasts (SMA, 200 × and 400 × magnification).
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processes. Differences in skin anatomy, wound healing rates,
and metabolism between rats and humans may impact the gen-
eralizability of the findings. Additionally, the relatively short
duration of the study may not capture the long-term effects of
different inflation protocols on capsule formation and flap integ-
rity. Variability in individual responses to mechanical stress and
pharmacological interventions was not accounted for, which
could influence the outcomes. Further research with longer
follow-up periods and larger sample sizes in more clinically rel-
evant models is necessary to validate these results and translate
them effectively to human applications.29 Although the rat
model is not a perfect model for tissue expansion, it allows
the formation of a capsule around the tissue expander in a
short time due to rapid wound healing.

Conclusions

This study explored how varying tissue expander inflation
protocols—different volumes and frequencies—affect flap for-
mation, tissue healing, scarring, and vascularization. The most
frequent, lowest volume inflation resulted in a smaller flap area
but improved tissue health parameters, except for neovasculari-
zation. This protocol may be advantageous for patients at risk of
increased capsule thickness due to radiotherapy, chemotherapy,
or those prone to fibrosis. Conversely, for patients where flap
size is critical, less frequent inflations with larger volumes
may be more appropriate to maximize flap size and minimize
capsule thickness. Further research is needed to refine these pro-
tocols for optimal clinical outcomes.
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