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Factors affecting the development of scar formation in abdominal
surgery performed for gynecologic and obstetric conditions

Jinekolojik ve obstetrik nedenli abdominal cerrahilerde skar gelisimini etkileyen
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Abstract

Background and Design: The aim of this study is to investigate whether there can be a difference in types of scars developed on the same
type of incisions due to cesarean section or benign gynecologic operations, and to examine the effect of regenerative process occurring in the
puerperal period on scar formation.

Materials and Methods: A total of 586 female patients aged 20-40 years, who applied to our dermatology and gynecology and obstetrics
outpatient clinics, were included in this case control study. Patients who were operated due to benign gynecologic conditions were assigned
to group 1 (n=293), and those who underwent cesarean section to group 2 (n=293), and the types of scars were compared. A p value of less
than 0.05 was considered statistically significant.

Results: Atrophic and hypertrophic scars were developed in 237 (80.9%) and 56 (19.1%) of group 1 patients, respectively. However, 245
(83.6%) of patients in group 2 had atrophic scars and 48 (16.4%) had hypertrophic scars. In terms of the type of scar distribution, no significant
difference was found between the two groups (p>0.05).

Patients with hypertrophic scar formation constituted 53.8% of group 1 patients and 46.2% of group 2 patients. There was no significant
difference between the groups for the risk of hypertrophic scar formation (p>0.05)

Conclusion: Our study concluded that there is no significant difference in scar formation on abdominal incision site between benign
gynecologic surgeries performed at any period of childbearing age and cesarean section. In addition, the presence of striae, wound infection
or hematoma, and duration of wound healing were found to be associated with the risk for hypertrophic scar formation in incision sites in both
cesarean section and benign gynecological operations.
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Amacg: Bu calismanin amaci benign jinekolojik operasyonlar veya sezaryen nedeniyle uygulanan ayni tipteki insizyonlarda gelisen skar tiplerinin
birbirinden farkli olup olmadiginin arastirimasi ve puerperal dénemde olusan rejeneratif strecin skar gelisimi Gzerine etkisi olup olmadiginin
incelenmesidir.

Gereg ve Yontem: Bu olgu kontrol calismasinda Universitemiz Dermatoloji ve Kadin Hastaliklari ve Dogum polikliniklerine bagvuran, 20-40 yas
araliginda toplam 586 kadin calismaya dahil edildi. Hastalar benign jinekolojik nedenlerle operasyon gegirenler (grup 1) ve sezaryen gecirenler
(grup2)olmak tizereikigrubaayrildi. Verilerskar tiplerine gdre karsilastirild. Istatistiksel anlamlilik icin 0,05 ten kiiciik pdegerlerianlamlikabul edildi.
Bulgular: Benign jinekolojk nedenlerle operasyon gegiren 293 hastanin  237'sinde (%80,9) atrofik, 56'sinda (%19,1)
hipertrofik tipte skar gelisirken sezaryen operasyonu gegiren 293 hastanin 245'inde (%83,6) atrofik, 48 (%16,4) hastada
hipertrofik tipte skar gelistigi saptandi. Skar tiplerinin dadiimi agisindan gruplar arasinda istatistiksel olarak anlamli
fark saptanmadi (p>0,05). Hipertrofik tipte skar gelisen hastalarin  %53,8'inin grup 1'de %46,2'sinin grup 2'de oldugu
saptandi. Hipertrofik tipte skar gelisim riski acisindan gruplar arasinda istatistiksel olarak anlamli fark saptanmadi (p>0,05).
Sonug: Calismamizda gebelikte uygulanan sezaryen operasyonu ile dogurganlik caginin herhangi bir ddneminde uygulanan benign jinekolojik
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operasyonlar arasinda abdominal insizyon yerinde skar olusumu agisindan anlamli fark olmadigi sonucuna variimistir. Sezaryen operasyonu ve benign jinekolojik
operasyonlar sonrasinda insizyon yerinde hipertrofik skar gelisimi acisindan daha Onceden stria varligi, yara yerinde enfeksiyon veya hematom gelismesi, yara
iyilesmesi stresinin on gtinden uzun olmasi gibi faktérlerin benzer oranda risk olusturdugu tespit edildi.

Anahtar Kelimeler: Kozmetik dermatoloji, puerperium, risk faktorleri, cerrahi insizyon

Introduction

Wound healing is one of the most complex biological processes
occurring in the human body. Many different biological mediators are
activated after trauma in order to form a synchronized response. In
adults, wound healing may result in formation of a non- functioning
mass of fibrotic tissue, i.e, scar’. Wound healing can result in a
normal linear scar formation, hypertrophic, atrophic or keloid scars or
contractures?. Hypertrophic scars represent an abnormal connective
tissue response due to trauma, inflammation, burn or surgery in
predisposed patients. Pathological scar formation, which is undesirable
from a cosmetic viewpoint, adversely affects quality of life in functional
and social aspects®.

Tension of the wound, presence of infection, density of melanocytes,
genetic predisposition, hypoxia, young age, pregnancy and puberty
have been defined as risk factors for hypertropic scar formation'. The
effects of pregnancy and puerperium on wound healing, scar formation
and fibrosis still remain contradictory.

Increased estrogen levels are believed to be associated with
hypertrophic scar formation by transforming growth factor (TGF-beta)
during pregnancy and puberty?. Various studies have demonstrated
that increased levels of estrogen in pregnancy affects the synthesis of
collagen and other connective tissue components. Relaxin hormone
secreted during pregnancy decreases fibrosis by reducing extracellular
matrix and collagenase synthesis*®. During puerperium, a 6-week
period of regeneration process of pregnancy when anatomical and
physiological changes disappear, plasma hormone levels return to
normal in 2-3 weeks”®. We were unable to identify any studies focusing
on physiological changes during puerperium and the effects of
regeneration on wound healing in the literature.

Therefore, we aimed to compare the types of scars in patients with
the same type of incisions due to benign gynecological conditions and
cesarean sections.

Materials and Methods

This case control study was carried out in izmir Katip Celebi University,
Atatlrk Training and Research Hospital between February 2013 and
September 2013. Ethics approval for the study was obtained from
izmir Katip Celebi University Ethics Committee (No: 2013-90) and it
was in agreement with the Declaration of Helsinki for Medical Research
involving human subjects. Informed consents were obtained from all
patients.

A total of 586 female patients visited dermatology and gynecology and
obstetrics outpatient clinics at our hospital with transverse suprapubical
incisions due to cesarean sections or benign gynecological conditions
performed a minimum of one year ago. Patients younger than 20 and
older than 40 years, pregnant or lactating at the time of the study,
having by oblique or vertical incisions, having neurological, psychiatric
or connective tissue disorders, revised scars, adhesive scars or keloids
were excluded from the study.

All patients were examined by an expert dermatologist and we
recorded medical histories, skin types and the total length of the scars.
Examination findings and medical records of the patients as well as
data on age, height, body mass index, skin type, tobacco use, numbers
of gravity and parity and surgical procedures, family history of scar
formation, presence of infection, striae or secondary sutures, type
of suture material used, time of the most recent operation and the
removal of the sutures and the opening of the occlusive dressing were
noted.

We compared 293 women with benign gynecological conditions (group
1) and a cohort of age-matched women operated on for cesarean
sections (group 2) for the types of scars (atrophic or hypertrophic).

We used SPSS (version 15.0, 2006; SPSS Inc., Chicago, IL, USA) for
statistical analysis. A p value of less than 0.05 with a confidence interval
(Cl) of 95% was considered statistically significant. We reported nominal
variables as well as demographic variables as counts and percentages
in the tables. The variables that had interval or ratio scales were
reported as minimums, maximums, means, and standard deviations in
the descriptive statistics tables. We tested linear associations between
pairs of nominal variables of the interest using a chi-squared test of
independence when the dimensions of the cross-tabulations exceeded
2x2. Once a statistically significant chi-squared measurement was
obtained, the proportions of the relevant groups were tested for
significant differences using z-tests with Bonferroni-adjusted nominal p
values. Additionally, the odds and relative risk ratios were reported for
the events of interest where the 2x2 cross-tabulations were in question.

Results

The demographic data of the two groups are summarized in Table 1. We
found that demographic data and skin types were similar between the
two main groups. Considering the 293 patients, who were operated

Table 1. Baseline patient characteristics

Group 1 Group 2 p*
Age 34.02+5.69 | 30.68+5.93 0.29
Weight (kg) 68.35+11.95 | 64.63+10.14 | 0.19
Height (cm) 161.4+6.55 162.25+5.9 0.25
BMI (kg/m?) 26.24+4.55 24.59+3.89 0.07
Gravity 2.61+1.97 2.17£1.15 0.53
Parity 2.09+1.60 1.44+0.75 0.43
Lenght of scar (cm) 10.18+2.36 | 10.04+2.51 0.64
Time since operation 3.89+2.90 3.99+2.92 0.70
Skin type
2 32(10.9%) | 9 (1.8%)
3 207 (70.6) 357 (72.9%)
4 53(18.1) 116 (23.7%) 0.17
5 1(0.3%) 7 (1.4%)
6 0 1(0.2%)
Group 1: Benign gynecologic operations, Group 2: Cesarean section, BMI: Body
mass index, *p<0.05
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on for benign gynecological conditions, 237 (80.9%) had atrophic scars
and 56 (19.1%) had hypertrophic scars; atrophic and hypertrophic
scar formation was found in 245 (83.6%) and 48 patients (16.4%)
in the cesarean section group, respectively. No statistically significant
difference was observed in terms of hypertrophic scar formation
between the two groups (p>0.05) Atrophic scars were detected in
237 (49.2%) of the group 1 patients and 245 (50.8%) of the group
2 patients; hypertrophic scar formation was observed in 56 patients
(53.8%) in group 1 and 48 patients (46.2%) in group 2. We did not
observe any significant difference between these two groups in terms
of the distribution of the types of scar formation (p>0.05).

Hypertrophic scar formation was determined in 36.3% and 11.4% of
group 1 patients with and without striae, respectively. The presence
of striae was found to be statistically relevant to the presence of
hypertrophic scars in group 1 (p<0.01) Atrophic and hypertrophic

Table 2. Evaluation of the risk factors of scar formation
within group 1

Independent variable Group 1 (n=293)
Atrofic, Hypertrophic, | p*
n (%) n (%)
The presence of Yes 58 (63.7) 3(36.3) 0.001
striae No 179 (88.6) | 23 (11.4)
Suture material | Nonabsorbable | 164 (85.9) |27 (14.1) AT
Absorbable 73 (71.6) |29 (28.4) ’
i Yes 73(76.8) |22(23.2) 0.223
Smoking
No 164 (82.8) |34 (17.2)
11 day 125 (85.6) | 21 (14.4)
Occlusive
dressing 2 2 day 99 (78.6) |27 (21.4) 0.024
3 3+day 13 (61.9) 8(38.1)
Wound infection | Yes 8 (44.4) 0 (55.6) AT
or hematoma | No 229 (83.3) |46 (16.7) ’
Suture removal | 1-7 day 127 (88.2) (17 (11.8)
time 0.106
8+ day 37 (78.7) |10(21.3)
Secondary Yes 1(20.0) 4 (80.0) e
suture No 236 (81.9) |52 (18.1) ’
1.0-10 day 214 (84.6) | 39 (15.4)
Wound healing
g 21120day  |19(57.6) |14 (42.4) 0.001
3 21+ day 2(40.0) |3 (60.0)
The number of | Single 204 (86.1) |33 (13.9)
operations 0.001
Multiple 3(58.9) |23 (41.1)
2-12 cm 224 (83) |46 (17.0)
0.002
Scar length 12+ cm 3(56.5) |10 (43.5)
112 2(100) |0
Skin type 234 234 (81.0) | 55 (19.0) 0.426
356 1(50) 1(50)
Family history of | Yes 229 (83.3) |46 (16.7) 0.234
scar formation |\, 39(75.0) |13 (25.0)
Group 1: Benign gynecologic operations, calculations were based on %2 (benign)-x2
(C-section) wit, h df(1)-df(2) *p<0.05

scars were observed in 85.9% and 14.1% of patients sutured with
nonabsorbable materials in group 1, respectively. The corresponding
rates were 71.6% and 28.4%, respectively when absorbable suture
materials were used. A statistically significant relationship was detected
between scar formation and the type of suture material (p<0.01) The
use of nonabsorbable suture materials was found to be correlated with
an increase in atrophic scars [odds ratio (OR): 2.41 95% Cl: 1.335
4.363] and a decrease in hypertrophic scar formation (OR: 0.414 95%
Cl: 0.229-0.749). Hypertrophic scar formation was detected in 14.4%,
21.4% and 38.1% of group 1 patients who had received occlusive
dressings for one, two, and three days, respectively. As the duration
of the occlusive dressing period lengthened, the risk of atrophic scar
formation tended to decrease. However, hypertrophic scars were
observed more often in these patients (p<0.05). Hypertrophic scars
were reported in 55.6% of cases with wound infection or hematoma;
16.7% of cases exhibited hypertrophic scars independent of infection
or hematoma in group 1 (p<0.01). The presence of wound infection
or hematoma was found to increase the risk of hypertrophic scar
formation 6-fold (OR: 6.223 95% Cl: 2.330-16.616).

Hypertrophic scars were found in 80% of cases with secondary sutures;
atrophic scars were found in 81.9% of patients without secondary
sutures (p<0.01). Secondary sutures increased the risk of hypertrophic
scars 18-fold (OR: 18.154 95% Cl: 1.998-165.780).

A statistically significant relationship was detected between the
duration of wound healing and the scar type. Atrophic scars were
detected when wound healing persisted for more than 11 days. On the
other hand, hypertrophic scars were detected when wound healing
lasted less than 11 days at higher rates in group 1 (p<0.01) In group 1,
hypertrophic scar formation was observed in 13.9% of patients who
underwent a single surgical procedure and in 41.1% of patients who
underwent multiple surgeries (p<0.01). The risk of atrophic scars was
4 times higher in patients who underwent only a single surgery (OR:
4.309 95% Cl: 2.256-8.229).

Hypertrophic scars developed in 13.9% and 41.1% of cases with a scar
length shorter and longer than 12 c¢m, respectively. Longer scars were
found to be statistically significantly correlated with hypertrophic scar
formation (p<0.01).

In group 1, skin type, tobacco use, family history of abnormal scars and
the time until sutures were removed were independent of the type of
scar that developed (Table 2).

In group 2, the skin type and the suture materials used, smoking,
occlusive dressing, number or operations and secondary sutures were
also irrelevant with types of scars (Table 3). Atrophic scars occurred
in 134 patients (88.2%) in group 2 without striae, hypertrophic scars
occurred in 18 patients (11.8%) in group 2 (p<0.05). The presence of
striae was significantly correlated with hypertrophic scar formation in
groups 1 and 2; striae increased the risk of hypertrophic scar formation
by 4-fold and 2-fold, respectively (OR: 4.428 95% Cl: 2.408-8.143 and
OR: 2.012 95% ClI: 1.065-3.801).

Hypertrophic scars were observed in 27 patients (35.5%) with a family
history of hypertrophic scar formation and 21 patients (9.7%) without
a family history. These findings imply that family history increased the
risk of developing hypertrophic scars 5-fold (OR: 5.143 95% ClI: 2.683-
9.857). In group 2, hypertrophic scars developed in 8.2% and 31.7%
of cases in whom the sutures were removed within the first 7 days
and after 7 days, respectively (p<0.01). Removing sutures within the
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Table 3. Evaluation of the risk factors of scar formation within group 2 first week significantly reduces the risk of hypertrophic scar formatioln

Group 2 (n=293) (OR: 0.193 95% Cl: 0.070-0.533) (Table 4). Hypertrophic and atrophic
Independent variable - - scars were detected in 13.8% and 86.2% of cases in whom wound
Atrofic, n (%) |Hypertrophic, n (%) p* healing ended up within 10 days, respectively. However, after 10 days,
The presence of Yes 111(78.7) |30(21.3) 0.029 hypertrophic scar formation was observed in 13.8% of cases and
striae No 134(88.2) |18(11.8) atrophic scar formation was observed in 69.4% of cases (p<0.01).
Family history of |Yes 49 (64.5) |27 (35.5) BT
scar formation  No 196(90.3) |21(9.7) ' Discussion
ST e 17 day 80918 782 0.001 There are many contradictory results in the literature about the effects
time 8+ day 28(68.3) |13(31.7) of hormonal, immunological and metabolic changes of pregnancy
0-10 day 206 (862) |33 (13.8) and puerperium on wound healing. In this study, we found that the
Wound healing 1120 day 34 (69.4) 15 (30.6) 0.009 Type of §car that developed was similar for the same type of incision
time irrespective of the reason for surgery. Although abnormal scar
Zlkalo D00 0 formation can lead to functional, cosmetic and physiological problems,
Wound infection | Yes 21(60.0) |14 (40.0) 0.001 the physiopathology of such scar formation still remains a mystery®.
or hematoma  |No 224 (86.8) |34 (13.2) . Abnormal scar formation has been attributed to a high skin tension,
11-2 6 (100) 0 genetic factors, increases in the extracellular matrix, a long duration
Skin type 234 234(83.0) |48(17) 0.361 of healing, and h'ormonal factor's“m. The most commf)nly investiga’Fed
356 4(100) 0 hormonal factor is estrogen, which affects wound healing by regulating
the expression of various genes associated with regeneration, matrix
Smoking LZS 12; E:; :i :iji e production, epidermal funct.ion, anclzl. inflammation’. Many studies
showed that hyperestrogenic conditions, such as pregnancy and
Nonabsorbable |127 (87.6) |18 (12.4) 65O puberty, increase the risk of hypertrophic scar formation; atrophic
Suture material |Absorbable 118(79.7) |30 (20.3) scar formation was at the forefront in the postmenopausal period
1 day 109 (84.5) |20 (15.5) characterized by hypoestrogenism1>,

_ 2 day 105(82.7) |22 (17.3) Puerperium is a regeneration process in which pregnancy-related
Occlusive 0.925 physiological changes disappear. After labor, involution of the
LN 5 CE Sl o) reproductive system begins, and pregnancy-induced changes in all
The number of | ingle 167(82.7) |35(17.3) 0515 organ systems and serum hormones return to pre-pregnancy levels
operations Multiple 78 (85.7)  |13(14.3) ' except prolactin®. Prolactin is also known to affect skin physiology. Many

2-12.cm 216 (83.4) |43 (16.6) studies have shown that prolactin can affect angiogenesis, immune
SEULE 12+ cm 29(85.3) |5(14.7) 0.778 modulation and vascular endothelial growth factor expression's.
Secondary suture|Yes 5 (62.5) 3(37.5) Anotherlmportant factpr involved m.wound healing is stem cells, whose
0.102 popularity has recently increased. With stem cell treatment, accelerated
No 240 (84.2) |45 (15.8) . o .
wound healing and reductions in scar formation have been observed

Group 2: G tion, calculati based on %2 (benign)-y2 (C-section) with df(1)- . .
dfr(?;ap@%s:rean section, calculations were based on 12 (benign)-y2 (Csection) with df(1) by many researchers'®. We compared the scar types in patients

operated on for different reasons (but with the same type of incisions)

Table 4. Variance of significant risk factors according to the scar types

Group 1 Group 2

Atrofic scar type Hypertrofic and mixt scar type | Atrofic scar type Hypertrofic and mixt scar type

OR value | 95% CI OR value 95% Cl OR value 95% Cl OR value 95% Cl
Presence of striae 0.226 0.123-0.415 | 4.428 2.408-8.143 0.497 0.263-0.939 | 2.012 1.065-3.801
Suture material 2.413 1.3354.363 | 0.414 0.229-0.749 1.794 0.950-3.388 | 0.557 0.295-1.053
Family history
of scar formation 0.652 0.321-1.324 1.535 0.755-3.119 0.194 0.101-0.373 | 5.143 2.683-9.857
Suture removal time | 2.019 0.852-4.784 | 0.495 0.209-1.174 5.173 1.874-14.279 | 0.193 0.070-0.533
e Inaioner | g 900 0.060-0.429 | 6.223 2.330-16.616 | 0.228 0.106-0.490 | 4.392 2.041-9.452
hematoma
Secondary suture 0.055 0.006-0.503 | 18.154 1.988-165.780 | 0.313 0.072-1.354 | 3.200 0.738-13.867
MUl O 4.309 2.256:8.229 | 0.232 0.122:0.443 | 0.795 0.3981.587 | 1.257 0.630-2.510
operations
Group 1: Benign gynecologic operations, Group 2: Cesarean section, Cl: Confidence interval, OR: Odds ratio
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with age-matched patient group with different indications. Our goal was
to investigate indirectly how the effects of the regeneration process of
the puerperium and hormonal and immunological factors affect wound
healing and scar formation. Our inability to record a difference in scar
types may be due to our use of indirect evaluation of hormonal and
immunological factors by clinical results or the balance between factors
that may increase or decrease the risk of hypertrophic scars.

The risk of hypertrophic scarring increases with the presence of striae.
There have been no studies in the literature observing the relationship
between the presence of striae and scar formation. However, in another
study that used the same control group as this study, the researchers
showed that hypertrophic scars were associated with the presence of
striae. This finding depended on changes in the composition of the skin'.
Absorbable sutures may also affect wound healing. Long-term cosmetic
results were found to be similar when either absorbable suture material
or traditional nonabsorbable sutures are used, especially on regions of
the body where skin tension is higher®. In group 1 patients, the use of
nonabsorbable suture material was determined to increase the risk of
atrophic type scars 2.4-fold in our study.

In the cesarean section group, the use of nonabsorbable sutures was
observed to be related to atrophic scars. However, this relationship
was not statistically significant. Removal of the sutures within 7 days
was found to reduce the risk of hypertrophic scar formation. Atrophic
scars may be related to decreases in immunological impulses. Wound
infection negatively affects the inflammatory phase of wound healing
because of the effect of bacteria-derived mediators by increasing
the production of metalloproteinases and delaying epithelization?'-22.
An increased inflammatory response eventually increases the risk of
hypertrophic scar formation?.

In our study, we found that wound infection/hematoma increased the
risk of hypertrophic scarring 6-fold. A delay in epithelization increases
the formation of hypertrophic scars?*®. In our study, similar to other
studies, we found that epithelization that exceeded 10 days significantly
increased the likelihood of hypertrophic scar formation.

Hypertrophic scars are known to commonly form in regions of the
body where the skin tension is high?62’.

In our study, hypertrophic scars were more prevalent in group 1 patients
who received secondary sutures. However, the increase in the risk was
not statistically significant in group 2 patients.

Local factors such as the suture material used in gynecological
operations, the duration of use of the occlusive dressing, and the
length of the scar were determined to increase the risk of hypertrophic
scar formation. However, the same effect was not observed in the
cesarean section group. This difference is believed to be related to
the decrease in inflammatory response due to pregnancy-induced
immunosuppression.

Study Limitations

Strength of our study is that our patients all derived from a homogenous
group of the same gender in the same monotype surgical incision.
We also included a large cohort, and many data were available from
medical records. We also took into account possible risk factors, which
have not been studied in the literature before. However, some of the
data that were obtained anamnestically may be considered to be the
limitations of the studly.
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Conclusion

In conclusion, physiological changes during puerperium have no
positive or negative effect on hypertrophic scar formation after
cesarean section. Additional clinical studies observing the effects of
hormonal, metabolic and immunological factors of the puerperium on
wound healing and scar formation are necessary.
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