J Surg Med. 2021;5(4):331-335.
DOI: 10.28982/josam.840890

Research article

Are the collagen types and density in the wound healed after midline
and transverse laparotomy different? An experimental study in mice
Süleyman Kargın 1, Osman Doğru 2, İlknur Kücükosmanoğlu 3
1
KTO Karatay University, Medical Faculty,
Department of General Surgery, Konya, Turkey
2
Konya Training and Research Hospital,
Department of General Surgery, Konya, Turkey
3
Konya Training and Research Hospital,
Department of Pathology, Konya, Turkey

ORCID ID of the author(s)
SK: 0000-0003-4597-8654
OK: 0000-0002-8761-3904)
İK: 0000-0002-5181-6152)

Abstract
Background/Aim: Whether midline or transverse incision is superior in laparotomy is still controversial.
The aim of this study was to investigate the total collagen amounts in wound healing after midline and
transverse incisions and reveal whether there was a difference between these two laparotomy techniques.
Methods: Twenty-four BALB/c mice were randomly divided into three groups (control, midline, and
transverse groups). Mice were sacrificed 28 days after the surgical procedures. The samples were examined
histochemically in terms of total collagen density, Type I and Type III collagen rate and maturation index.
Results: Total collagen density, Type I collagen rate and maturation index were slightly insignificantly
higher and Type III collagen rate was insignificantly lower in the transverse incision group compared to the
midline group (P=0.486, P=0.541, P=0.336 and P=0.541, respectively).
Conclusion: The total collagen density, Tip I and Tip III collagen amounts, and maturation index of wounds
healed after transverse and midline laparotomy are similar according to this experimental model.
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Introduction
Although laparoscopic procedures are increasingly used
in abdominal surgeries, laparotomy procedures are still practiced
frequently. Incisional hernias remain a problem for surgeons, with
an incidence of 9% to 19% after laparotomy [1]. Although
discussions about the ideal laparotomy closure technique are as
important as the visceral surgery itself, a conclusion has not been
made regarding the optimal suture material or the suture technique
[1, 2]. It has been emphasized in many studies that transverse
incisions are more advantageous in many aspects (e.g., pain,
respiratory complications, incisional hernia risk, and early
discharge and return to work) compared to midline incisions,
however, midline incision is still the most preferred technique [35]. This is because a midline incision can be performed quickly
and easily, and it can provide a wider surgical area by extending
up and down depending on the need.
In the literature, there are many randomized controlled
trials and meta-analyses comparing midline and transverse
laparotomy procedures in clinical practice [6-9]. Although
laparotomy closure techniques and suture materials are known to
affect the tensile strength of the wound and the incidence of
incisional hernia after laparotomy, whether the collagen content
and collagen subtypes have any role in this effect have not been
evaluated.
Type I and Type III collagen formations in the
remodeling phase have a critical role on wound healing [10].
During scar formation, the first collagen type to occur is Type III
collagen, with low tensile strength. The amount of Type III
collagen, which is initially seen at a rate of 80%, decreases
gradually during scar formation and is eventually replaced by
Type I collagen with high tensile strength. The mechanical
properties of scar tissue are determined by prolonged
inflammation, which leads to dense and persistent weak Type III
collagen [11]. The effect of suture techniques and suture materials
on collagen synthesis and wound healing have been investigated
in several experimental studies and both suture materials and
suture techniques have been proven effective on Types I and III
collagen production [12, 13].
The aim of this study was to investigate the total collagen
amounts and the rate of Type I and Type III collagen synthesis in
wound healing after midline and transverse incisions and reveal
whether there was a difference between these two laparotomy
techniques.

Materials and methods
This study was conducted at Necmettin Erbakan
University KONUDAM Experimental Medicine Application and
Research Centre. Animal Experiments Ethics Committee approval
was obtained before the study. Institutional and national
guidelines on the care and use of laboratory animals were followed
and animal rights were protected in line with the principles of
"Guide for the Care and Use of Laboratory Animals" [14]. All
procedures were performed at Necmettin Erbakan University
KONUDAM Experimental Medicine Application and Research
Centre. A total of 24 BALB/c mice weighing 25 to 30 g were
included in the study. General anesthesia was induced
intraperitoneally with 2% xylocaine and 10% ketamine before the
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procedure. All mice were housed in groups of four in each cage
under standard laboratory conditions. They were maintained at a
constant room temperature of 20–21°C under a 12-hour light/dark
cycle. The mice were given food and water ad libitum. The general
condition and wounds of the mice were checked daily. No
antibiotics were administered during the procedure. They were
sacrificed by cervical dislocation after 28 days.
Surgical technique
The mice were randomly divided into three groups, each
containing eight. The abdominal areas of the mice were shaved.
The surgical area was sterilized with povidone-iodine. The suture
length to wound length (SLWL) ratio of all suture materials was
kept at 4:1 for the tensile strength of wounds to be equal in all
mice [15]. All operations were performed by the same surgeon.
The weight, general condition, and wounds of all mice were
checked daily for 28 days.
No procedure was performed in the first group (control
group, n=8) after anesthesia induction. The second group (midline
group, n=8) underwent laparotomy along the linea alba with a 3
cm midline incision from the xiphoid (Figure 1). Peritoneum and
linea alba were closed with 4*0 polypropylene nonabsorbable
running suture (Prolene®, Ethicon GmbH& Co. KG, Norderstedt,
Germany) and the skin was closed with 4/0 silk nonabsorbable
interrupted sutures (silk® Doğsan Ltd. Co., Rize, Turkey). In the
third group (transverse group, n=8), the laparotomy was
performed with a 3-cm transverse incision at the umbilicus level.
The peritoneum and musculoaponeurotic layer were closed with
4*0 polypropylene nonabsorbable running suture (Prolene®,
Ethicon GmbH& Co. KG, Norderstedt, Germany) and the skin
was closed with 4/0 silk nonabsorbable interrupted sutures (silk®
Doğsan Ltd. Co., Rize, Turkey) (Figure 1).
Histochemical examination
All mice were sacrificed by cervical dislocation after 28
days. Then, the skin was removed, and an abdominal wall tissue
of about 8 cm2 (4x2cm) was totally excised with laparotomy lines
remaining inside the incision. In the control group, an abdominal
wall tissue of 8 cm2, including the midline and transverse lines,
was excised from the periphery of the umbilicus. The samples
were fixed in 10% formaldehyde solution. A single well
experienced pathologist who was blinded to the study design
evaluated each specimen. Five-six mm thick sections obtained
from two different layers of the wound were stained with
hematoxylin/eosin,
Masson
Trichrome,
and
reticulin
histochemical stains and then, evaluated under a light microscope
(Figure 2).
Collagen fibers stained blue with the Masson Trichrome
staining were evaluated as the sum of Type I and Type III collagen
fibers (total collagen) (Figure 2). The density of these fibers was
scored from one to five according to the following data [16].
Collagen (+): Collagen in the form of a single fiber.
Collagen (++): Collagen in the form of multiple fibers.
Collagen (+++): Collagen is more dense but loose.
Collagen (++++): Collagen covers the microscopic area
but there are gaps between them.
Collagen (+++++): Collagen covers the microscopic area
and has a very dense structure.
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Figure 1: Images taken immediately after laparotomy and images taken on the 28 th postoperative day A: 3-cm incision line identified at the level of the umbilicus before the transverse
incision, B: Continuous closure of the fascia after transverse laparotomy, C: Healing in the midline incision line in the tissue sample taken 28 days after midline laparotomy D: 3-cm
incision line identified at the midline before the midline incision E: Skin closed with single sutures after midline laparotomy, F: Healing in the transverse incision line in the tissue sample
taken 28 days after transverse laparotomy.

Figure 2: Histochemical examination images of the subjects 1A: Tortuous collagen bundles stained in pink color after hematoxylin-eosin staining in the dermis and fascia in the control
group (x40), 1B: Tortuous total collagen density stained in blue color after MASSON-TRICHROME staining in the dermis and fascia in the control group (x40), 1C: Type I collagen fibers
stained in color ranging from yellow to dark yellow after reticulin staining at a greater amount in the dermis and fascia in the control group (x40) 2A: Granulation tissue area, inflammatory
cells, foreign body (suture material), giant cells, and collagen after hematoxylin-eosin staining in the transverse group (x100), 2B: Loose collagen fibers and granulation tissue area stained
in blue color after MASSON-TRICHROME staining in the transverse group (x100), 2C: Type I (dark yellow) and type III collagen fibers (fine black fibers) together after reticulin staining
in the transverse group (x100). 3A: Less collagen density and granulation tissue area in the dermis and fascia after hematoxylin-eosin staining in the midline group (x40), 3B: Tighter
collagens (blue color) with spaces in between after MASSON-TRICHROME staining in the midline group (x100), 3C: Granulation tissue area with denser and thicker type I collagen
fibers (yellow colored) and rare fine type III collagen fibers (black colored) after reticulin staining in the midline group (x100)
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The fibers observed in the form of thin black lines with
the reticulin histochemical staining indicated Type III collagen
fibers. Other thicker lines, stained from yellow to dark yellow
showed Type I collagen fibers (Figure 2). Measurements were
semi-quantitative, and the rate of Type I and III collagens were
recorded in percentage (%). Collagen I/Collagen III ratio was used
to calculate maturation index [17].
Statistical analysis
Data were expressed as mean, standard deviation,
minimum and maximum. Kolmogorov–Smirnov test was used to
determine whether data were normally distributed. Since they
were not, Tamhane’s T2 post hoc test with ANOVA was used for
group comparisons. Statistical analysis was performed using
SPSS version 21.0 software (Statistical Package for Social
Sciences, SPSS Inc., Chicago, IL, United States). A P-value <0.05
was considered statistically significant.

Figure 3: Levels of type I and type III collagen concentrations and maturation index in groups

Results
Total collagen density
There was a slight increase in total collagen density in
laparotomy groups (midline and transverse) compared to the
control group, and the mean total collagen density in the
transverse group was insignificantly higher than the other groups
(P=0.248 and P=0.486 for the control and midline groups,
respectively) (Table 1). Four positive total collagen density values
were observed in three samples in the transverse group whereas a
maximum of three positive total collagen density values were
observed in other groups.
Table 1: Distribution and comparison of collagen density and collagen subtypes by groups
Collagen Data

Total Collagen density

Type I Collagen rate
(%)
Type III Collagen rate
(%)
Type I/Type III
collagen rate
a

Control
Group
Mean (SD)
(Min-Max)
2.12 (0.834)
(1-3)

Midline
Group
Mean (SD)
(Min-Max)
2.37 (0.744)
(1-3)

Transverse
Group
Mean (SD)
(Min-Max)
3.00 (1069)
(1-4)

98.12
(2.587)
(95-100)
1.87 (2.587)
(0-5)

65.62
(20.604)
(30-85)
34.37
(20.604)
(15-70)
2.82 (1.875)
(0.43-5.67)

76.87 (14.37)
(60-90)

69.62
(41.921)
(19-100)

23.12 (14.376)
(10-40)
5.145 (3.505)
(1.5-9)

Pvalue

0.901a
0.248b
0.486c
0.008a
0.012b
0.541c
0.008a
0.012b
0.541c
0.001a
0.001b
0.336c

: control group vs. midline group, b: control group vs. transverse group, c: midline group vs transverse group

Type I and Type III
The rate of Type I collagen, which was an indicator of
mature collagen, was higher in the control group than in both the
midline and transverse groups (P=0.08 and P=0.01, respectively)
(Table 1). In the control group, the Type I collagen rate was 100%
in half of the samples and 95% in the other half. Midline group
had the lowest Type I collagen rate. Type I collagen was identified
at a rate of 30% in one sample in the midline group, whereas at
least one sample had 60% Type I collagen in the transverse group.
Type I collagen rate was slightly higher in the transverse group
than in the midline group (Table 1, Figure 3).
The rate of Type III collagen, which was an indicator of
immature collagen, was lower in the control group than the other
groups (P=0.008 and P=0.012 in the midline and transverse
groups, respectively) (Table 1, Figure 3). Type III collagen rate
was insignificantly lower in the transverse group than in the
midline group (P=0.541) (Table 1, Figure 3).

Maturation index
The maturation index was significantly higher in the
control group compared to the laparotomy groups (P=0.01). The
maturation index was higher in the transverse group than the
midline group, but the difference was not statistically significant
(P=0.336) (Table 1, Figure 3).

Discussion
In this experimental animal study, we compared collagen
changes during wound healing after transverse and midline
laparotomy incisions. Collagen is the most important component
of mature connective tissue scar. During the tissue repair process,
newly formed connective tissue containing capillaries and
fibroblasts (granulation tissue) fills the gaps caused by dead cells
and liquefaction of debris. The fibroblasts in this tissue produce
collagen. Collagen is a family of structural proteins, the
consistency, resilience, and durability of which vary depending on
environmental influences and functional requirements. There are
different types of collagen. Most of the collagen in the skin and
tendons consists of Type I and Type III fibers. Therefore, other
types of collagen can be excluded during the calculation of the
total collagen amount in these areas.
Most of the studies conducted on laparotomy techniques
so far have investigated suture techniques, suture materials, and
wound tension [8, 16, 18, 19]. In an animal experiment, the
bursting pressure of the two incisions after healing was analyzed
and the pressure of the transverse incision was proven more
durable [20]. However, the relationship with collagen is not
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mentioned in this study. Although laparotomy closure techniques
are known to influence the transverse tensile strength of healing
after laparotomy surgeries and the incidence of incisional hernia
formation, it has not been evaluated whether this effect is
mediated by a direct influence of transverse and midline
laparotomies on the collagen content and the collagen subtypes of
the regenerating tissue. Therefore, this is the first study comparing
the collagen amounts in wounds healed after midline and
transverse laparotomy techniques.
The advantages of transverse and midline laparotomies
are still controversial [8, 21]. Many studies have reported that the
incidences of pulmonary and wound complications and incisional
hernia are lower in the transverse laparotomy technique compared
to the midline technique [4, 10, 22]. In these studies, the main
reason for superiority has been attributed to the fact that the
incision is parallel to the anatomical structures (muscle, vascular,
nerve, etc.) in transverse incisions and it therefore causes less
anatomical damage, ensuring that local wound healing is not
adversely affected, and that minimal wound tension occurs since
the incision is perpendicular to the major abdominal wall [23].
Short-term failures are often attributed to technical reasons,
however, the most important factor determining wound durability
in the long term is the density and type of collagen synthesis in the
incisional region [19]. In the present study, it was aimed to
investigate the differences between these two techniques in terms
of collagen synthesis in wound durability rather than the technical
and anatomical advantages of the transverse incision compared to
midline incisions.
Parkinson et al. have reported that the density of the
collagen determines the tensile strength of the structure [24].
Nevertheless, the rise in mean collagen fibril diameters in
regenerating tissue occurs when the thin fibers of initially formed
Type III collagen are replaced by the mature fibrils of Type I
collagen, which, in conjunction with other collagen types, leads to
definite tissue architecture and mechanical stability [25, 26]. In the
present experimental study, total collagen density, which affects
wound durability, Type I collagen synthesis, and maturation index
were relatively high in the transverse incision technique whereas
Type III collagen synthesis was relatively lower.
In a study by Höer et al., different suture techniques and
materials used in laparotomy closures and SLWL ratio have been
reported to affect both collagen synthesis and wound healing
outcomes [19]. In the same study, a higher amount of collagen
synthesis has been observed in wounds closed with an SLWL ratio
of <4:1 and running sutures [19]. Therefore, all laparotomy
wounds were closed with an SLWL of 4:1 using monofilament
non-absorbable continuous sutures to ensure that our study was
under optimal conditions.
Hydroxyproline analysis is considered the gold standard
in measuring the amount of collagen in biological tissues [27].
However, hydroxyproline analysis has some limitations in terms
of sensitivity, specificity, and accuracy, as well as difficulties of
clinical approach [28, 29]. In an article, it has been reported that
determining the amount and types of collagen by histopathological
analysis is as effective as the hydroxyproline level [26]. Therefore,
histochemical methods were used to determine collagen density
and collagen types in the present study.
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We believe that the present study will shed light on future
clinical studies as a parameter to show the differences between
these two incisions in terms of durability. We are aware that the
disputable translation of results from animal experiments to
human conditions can raise serious questions due to the different
mechanical influences on the incision and genetic polymorphism
influencing wound repair.
Conclusion
Although relative differences were observed in total
collagen density, there were no significant differences between
midline and transverse laparotomies. Type I and Type III collagen
rates, total collagen density and maturation index were similar
between both techniques.
Acknowledgments
We would like to thank Sinan İyisoy for his
contributions.

References
1. Hodgson NC, Malthaner RA, Ostbye T. The search for an ideal method of abdominal fascial closure:
a meta-analysis. Ann Surg. 2000;231:436-42.
2. Weiland DE, Bay RC, Del Sordi S. Choosing the best abdominal closure by meta-analysis. Am J Surg.
1998;176:666-70.
3. Halm JA, Lip H, Schmitz PI, Jeekel J. Incisional hernia after upper abdominal surgery: a randomised
controlled trial of midline versus transverse incision. Hernia. 2009;13:275-80.
4. Grantcharov TP, Rosenberg J. Vertical compared with transverse incisions in abdominal surgery. Eur
J Surg. 2001;167:260-7.
5. Brown SR, Goodfellow PB. Transverse verses midline incisions for abdominal surgery. Cochrane
Database Syst Rev. 2005;(4):CD005199.
6. Lawson L. All abdominal incisions should be transverse. J Am Coll Surg. 2014;219:846.
7. Seiler CM, Deckert A, Diener MK, Knaebel HP, Weigand MA, Victor N, et al. Midline versus
transverse incision in major abdominal surgery: a randomized, double-blind equivalence trial
(POVATI: ISRCTN60734227). Ann Surg. 2009;249:913-20.
8. Patel SV, Paskar DD, Nelson RL, Vedula SS, Steele SR. Closure methods for laparotomy incisions for
preventing incisional hernias and other wound complications. Cochrane Database Syst Rev.
2017;11:CD005661.
9. Lee L, Mata J, Droeser RA, Kaneva P, Liberman S, Charlebois P, et al. Incisional Hernia After Midline
Versus Transverse Specimen Extraction Incision: A Randomized Trial in Patients Undergoing
Laparoscopic Colectomy. Ann Surg. 2018;268:41-7.
10. Wang PH, Huang BS, Horng HC, Yeh CC, Chen YJ. Wound healing. J Chin Med Assoc. 2018;81:94101.
11. Burgeson RE, Nimni ME. Collagen types. Molecular structure and tissue distribution. Clin Orthop
Relat Res. 1992;(282):250-72.
12. Höer JJ, Junge K, Schachtrupp A, Klinge U, Schumpelick V. Influence of laparotomy closure
technique on collagen synthesis in the incisional region. Hernia. 2002;6:93-8.
13. Bellón JM, Pérez-López P, Simón-Allue R, Sotomayor S, Pérez-Köhler B, Peña E, et al. New suture
materials for midline laparotomy closure: an experimental study. BMC Surg. 2014;14:70.
14. National Research Council (US) Institute for Laboratory Animal Research. Guide for the Care and Use
of Laboratory Animals. Washington (DC): National Academies Press (US); 1996.
15. Anderson JR. Suture length to wound length ratio and healing of midline laparotomy incisions. Br J
Surg. 1994;81:312.
16. Yur M, Çetinkaya Z, Kuloğlu T, Dabak DÖ, Aygen E, Doğru O. The effect of polypropylene mesh on
different layers to the formation of collagen type I/III ratio and total collagen density in incisional
hernia repair. Int Surg. 2018;5:2942-7.
17. Biondo-Simões MLP, Sichciopi AA, Ioshii SO, Robes RR, Biondo-Simões R. Comparative study of
fibrosis induced by Marlex®, Parietex Composite®, Vicryl® and Ultrapro® meshes1. Acta Cir Bras.
2018;33:792-8.
18. Brown SR, Goodfellow PB. Transverse verses midline incisions for abdominal surgery. Cochrane
Database Syst Rev. 2005;(4):CD005199.
19. Höer J, Anurov M, Titkova S, Klinge U, Töns C, Ottinger A, et al. Influence of suture material and
suture technique on collagen fibril diameters in midline laparotomies. Eur Surg Res. 2000;32:359-67.
20. Nilsson T. The relative rate of wound healing in longitudinal and transverse laparotomy incisions.
Animal experiments. Acta Chir Scand. 1982;148:251-6.
21. Chalya PL, Massinde AN, Kihunrwa A, Mabula JB. Abdominal fascia closure following elective
midline laparotomy: a surgical experience at a tertiary care hospital in Tanzania. BMC Res Notes.
2015;8:281.
22. Inaba T, Okinaga K, Fukushima R, Iinuma H, Ogihara T, Ogawa F, et al. Prospective randomized
study of two laparotomy incisions for gastrectomy: midline incision versus transverse incision. Gastric
Cancer. 2004;7:167-71.
23. Lawson L. All abdominal incisions should be transverse. J Am Coll Surg. 2014;219:846.
24. Parkinson J, Brass A, Canova G, Brechet Y. The mechanical properties of simulated collagen fibrils.
J Biomech. 1997;30:549-54.
25. Birk DE, Fitch JM, Babiarz JP, Doane KJ, Linsenmayer TF. Collagen fibrillogenesis in vitro:
interaction of types I and V collagen regulates fibril diameter. J Cell Sci. 1990;95 ( Pt 4):649-57.
26. Caetano GF, Fronza M, Leite MN, Gomes A, Frade MA. Comparison of collagen content in skin
wounds evaluated by biochemical assay and by computer-aided histomorphometric analysis. Pharm
Biol. 2016;54:2555-9.
27. Reddy GK, Enwemeka CS. A simplified method for the analysis of hydroxyproline in biological
tissues. Clin Biochem. 1996;29:225-9.
28. Ignat’eva NY, Danilov NA, Averkiev SV, ObrezkovaMV, Lunin VV. Determination of
hydroxyproline in tissues and the evaluation of the collagen content of the tissues. J Anal Chem.
2007;62:51-7.
29. Kliment CR, Englert JM, Crum LP, Oury TD. A novel method for accurate collagen and biochemical
assessment of pulmonary tissue utilizing one animal. Int J Clin Exp Pathol. 2011;4:349-55.
This paper has been checked for language accuracy by JOSAM editors.
The National Library of Medicine (NLM) citation style guide has been used in this paper.

P a g e | 335

