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ABSTRACT

Hypertrophic scar formation is a common complication of wound healing. Presently, 
little is known about the incidence and risk factors of hypertrophic scar formation. 
The objective of this study was to analyze the incidence, progression and regression 
of hypertrophic scar formation after surgery over time and to identify risk factors of 
hypertrophic scar formation. Patients undergoing bilateral reduction mammoplasty or 
cardiac surgery by median sternotomy incision were included in this study. All patients 
were examined at 3 and 12 months after the operation. The following information was 
retrieved or scored: height, weight, allergy status, smoking status, skin type, tanning, 
and aspect of the scar 3 and 12 months postoperatively. Of the 204 patients that were 
included in this study, 122 patients (59.8%) developed a hypertrophic scar within 12 
months after the operation. Of these patients, 117 (95.9%) developed a hypertrophic 
scar within 3 months after surgery. Twelve months postoperatively, 66 patients (32.4%) 
had a hypertrophic scar. In 47% of the patients with a hypertrophic scar 3 months 
postoperatively, the hypertrophic scar(s) regressed between 3 and 12 months after 
the operation. The incidence of hypertrophic scar formation was associated with 
smoking (odds ratio = 0.74) and age. In conclusion, approximately 60% of patients 
develop hypertrophic scars after surgery, typically during the !rst three months after 
surgery. Most hypertrophic scars that are present three months after surgery are still 
hypertrophic after 12 months. Young, non-smoking patients are more susceptible for 
hypertrophic scar formation.
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INTRODUCTION

The skin probably represents the most frequently injured tissue by trauma and during 
most medical surgical procedures. It heals with incomplete restoration of the skin 
architecture and shows scarring. Derailment of the wound healing process, caused by 
patient related-factors, environmental factors or topography-related factors, can result 
in excessive scarring, including keloid and hypertrophic scar formation1,2. 

Hypertrophic scars and keloids consist of overabundant depositions of type I 
and III collagen, !bronectin and other glycoproteins produced by (myo)!broblasts1. 
Although the terms hypertrophic scar and keloid are frequently used interchangeably, 
there are several pathological and biochemical differences between these entities3. 
Hypertrophic scars remain within the margin of the original wound, but may increase or 
decrease in size over months or years. Keloids, on the other hand, extend or originate 
beyond the con!nes of the original lesion and have no tendency to regress.

Hypertrophic scar formation only occurs in humans, rabbits, and horses. It may 
develop after trauma, in"ammation, operation and burn injury and has adverse medical 
consequences including aesthetic dis!gurement, restriction of joint movement, 
pruritus, pain, and disruption of daily activities1.

Over the past decades, a considerable amount of research has been performed 
concerning the predisposition and risk factors for keloid formation. However, little is 
known about risk factors of hypertrophic scar formation speci!cally, as hypertrophic 
scars and keloids are as yet not always well differentiated. Furthermore, most studies 
concerning hypertrophic scar formation are not homogeneous. Consequently, 
estimates of prevalence in these studies vary widely, and knowledge of risk factors 
for hypertrophic scarring is poor. The identi!cation of patient-related risk factors 
is particularly valuable to de!ne a high-risk population and may help in planning 
experimental studies. With this in mind, we described the incidence of hypertrophic 
scar formation and investigated its association with several patient characteristics in 
standardized wound healing models.

PATIENTS AND METHODS

In this prospective study the bilateral reduction mammoplasty wound healing model and 
the median sternotomy wound healing model were used. These wound healing models 
allow us to investigate hypertrophic scar formation in a standardized manner. All patients 
undergoing bilateral reduction mammoplasty or cardiac surgery by median sternotomy 
incision were assessed for eligibility of participation. Exclusion criteria for participation 
were living further than 60 km away from the hospital and current or planned pregnancy 
in the !rst year after surgery. The medical ethical committee approved the protocols and 
all patients signed an informed consent form prior to the study.

Before the operation the patients were questioned regarding co-morbidity, 
allergies, medication, and smoking. Their skin color was classi!ed as white, red, 
yellow, or brown/black; their speed of skin tanning was classi!ed as within 12 hours, 
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within 24 hours, within 3 days, or no tanning at all. Furthermore, the height and weight 
of the patients were measured.

Reduction mammoplasties were performed with a standardized comparable wise 
pattern technique at the Department of Plastic Surgery of the University Medical 
Center Groningen, University Medical Center Utrecht, University Medical Center 
St. Radboud, and regional hospitals of Arnhem and Amsterdam, The Netherlands. 
Cardiac surgery was performed in a standardised fashion at the department of Cardiac 
Surgery of the University Medical Center Groningen, The Netherlands. 

For follow-up, all patients were examined 3 months and 12 months postoperatively. 
Evaluations took place under standardized conditions and were performed by two 
independent observers. The presternal and inframammary scars were clinically 
evaluated and scored as normal, hypertrophic, or keloid-like. Hypertrophic was 
de!ned as raised above skin level (> 1 mm) while remaining within the borders of 
the original lesion4. Keloid-like was de!ned as raised above skin level and extending 
beyond the borders of the original lesion. Photographs of the scars were taken 3 and 
12 months postoperatively.

In order to correct for possible confounding effects of age and type of operation, 
the patients were strati!ed according to these two variables. Age was divided into 
three intervals (< 30, 30 - 50, and > 50), which is referred to as Age1, Age2 and Age3, 
respectively. Bilateral reduction mammoplasty was denoted by BRM, and cardiac 
surgery through a median sternotomy incision by CS. The !ve resulting patient strata 
are described in Table 1.

Data analysis was performed using the statistical software R. We tested the 
association between each covariate or putative risk factor (co-morbidity, age, gender, 
skin type, tanning, allergy, smoking) and each clinical outcome (scar aspect after 3 
months, scar aspect after 12 months, normotrophic/hypertrophic group, hypertrophic 
scar regression). This was done by testing each association within the strata by means 
of the chi-square test and then combining the results of the tests across strata into a 
single P-value. To combine the results, two standard methods were used5: the ‘sum 
test’ (based on the sum of the chi-square statistics across the independent strata) 
and Fisher’s method. Additionally, it may be clinically useful to know how accurate 
scar aspect 3 months postoperatively can be as a predictor of the scar aspect in the 

Table 1. Patient strata determined by age and type of operation to prevent possible confounding 
effects.

Name of stratum Number of patients Description

(BRM, Age1) 92 Operation BRM, Age " 30,

(BRM, Age2) 53 Operation BRM, 30 < Age " 50

(BRM, Age3) 16 Operation BRM, Age > 50

(CS, Age2) 5 Operation CS, 30 < Age " 50

(CS, Age3) 38 Operation CS, Age > 50

BRM, bilateral reduction mammoplasty; CS, cardiac surgery through median sternotomy; Age1, 
" 30 years; Age2, between 30 and 50 years; Age3, > 50 years.
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future. In order to answer this question we have constructed and assessed a non-
parametric regression classi!er to classify a patient as normotrophic or hypertrophic 
12 months postoperatively based on the scar aspect after 3 months and the type of 
operation. This type of classi!er amounts to a classi!cation rule determined from the 
data. It should be seen as a machine-like, independent counterpart of the ‘natural’ 
rules implicitly used by clinicians when assessing the chances of a scar becoming 
hypertrophic after 12 months on the basis of its examination after 3 months. 

RESULTS

A total of 204 patients were included in this study. Of these, 161 patients underwent 
bilateral reduction mammoplasty (BRM) and 43 patients cardiac surgery through a 
median sternotomy incision (CS). Patient characteristics are shown in Table 2.

A schematic illustration of the incidence and regression of scar hypertrophy in 
our study group is shown in Figure 1. A total of 122 patients (59.8%) developed a 
hypertrophic scar within the follow-up period of 12 months (hypertrophic group), 
of which 117 (95.9%) developed a hypertrophic scar within 3 months after the 
operation. Of these 117 patients, 62 (53.0%) ended up with a hypertrophic scar 12 
months postoperatively. Five patients (4.1%) who had a normotrophic scar 3 months 
postoperatively developed a hypertrophic scar between 3 months and 12 months 

Table 2. Patient characteristics of the study group.

Characteristic
Total
(n=204)

Hypertrophic group 
(n=122)

Normotrophic group 
(n=82)

Sex, No. (%)
Male
Female

36 (17.6)
168 (82.4)

11 (9.0)
111 (91.0)

25 (30.5)
57 (69.5)

Age, mean (range), y 37.4 (14-76) 33.6 (14-76) 43.0 (15-68)

Length, mean (range), m 1.69 (1.48-2.00) 1.68 (1.48-2.00) 1.71 (1.55-1.98)

Weight, mean (range), kg 72.7 (50-124) 71.3 (52-124) 74.5 (50-108)

BMI, mean (range) 25.4 (18.3-42.6) 25.3 (19.4-37.0) 25.5 (18.3-42.6)

Skin color, No. (%)
White
Yellow
Brown/Red
Black

 188 (92.2)
 4 (2.0)
 7 (3.4)
 5 (2.5)

112 (91.8)
3 (2.5)
5 (4.1)
2 (1.6)

76 (92.7)
1 (1.2)
2 (2.4)
3 (3.7)

Tanning, No. (%)
1
2
3
4

21 (10.3)
84 (41.2)
69 (33.8)
30 (14.7)

9 (7.4)
50 (41.0)
45 (36.9)
18 (14.8)

12 (14.6)
34 (41.5)
24 (29.3)
12 (14.6)

Allergy, No. (%) 75 (36.8) 49 (40.2) 26 (31.7)

Smoking, No. (%) 55 (27.0) 30 (24.6) 25 (30.5)
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Figure 1. Schematic illustration of the incidence and regression of scar hypertrophy in our study 
group. A, Total study group. B, Patients who had bilateral reduction mammoplasty. C, Patients 
who had cardiothoracic surgery.
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postoperatively. In total, after 12 months, 66 patients (32.4%) still had a hypertrophic 
scar. Otherwise, 55 patients (47.0%) had a hypertrophic scar 3 months postoperatively 
that regressed in time to a normotrophic scar 12 months postoperatively. A total of 
82 patients (40.2%) did not develop a hypertrophic scar during the follow-up period 
(normotrophic group).

As explained above, the patients were strati!ed according to age and operation 
type. In the boxplots there was a consistent trend (P = 0.13) towards younger patients 
being more susceptible to hypertrophic scar formation (Figure 2). Subsequently, the 
association between each covariate (putative risk factor) and each clinical outcome 
was tested by means of the ‘sum test’ method and Fisher’s method, both leading to 
similar conclusions. No statistical evidence was found of associations between co-
morbidity, gender, skin type, tanning and allergy, and any of the outcomes (Table 3). 
However, there seemed to be an association between smoking and the scar aspect 12 
months postoperatively, and between smoking and hypertrophic scar regression (Table 
3). The results of the tests by strata suggest that this association is mainly present 
in younger patients (P = 0.002, in the Type1, Age1 stratum). Figure 3 illustrates the 
association between smoking and the scar aspect 3 and 12 months postoperatively in 
BRM patients aged 30 years or less.

After correcting for the operation type, no evidence was found for an association 
between age and the outcomes; for example, comparing the age distributions in the 
hypertrophic group and the normotrophic group yields P-values of 0.13 and 0.48 in BRM 
and CS patients, respectively. Correcting for age is necessary in this connection because 
patients who undergo CS are typically older than the patients in the BRM group.

We were also interested in the predictive value of the scar at three months post 
operatively, by means of scar aspect at 12 months postoperatively. The results show 
that the scar aspect at 3 months is associated with the scar aspect at 12 months (P 
< 0.001), as expected. Additionally, to investigate the accuracy of the scar aspect 
3 months postoperatively as a predictor of the scar aspect in the future, we have 
constructed and assessed a non-parametric regression classi!er to classify a patient 
as normotrophic or hypertrophic 12 months postoperatively based on the scar aspect 

Table 3. P-values of the associations between the covariates and the hypertrophic scar formation.

Covariate
Scar aspect 3 months 
postoperatively

Scar aspect 12 months 
postoperatively

Regression of scar 
hypertrophy

Gender 0.35 0.95 0.84

Skin color 0.56 0.19 0.71

Tanning 0.63 0.61 0.73

Allergy 0.97 0.98 0.76

Smokinga 0.61 0.03* 0.02*

Smokingb 0.46 0.01* 0.12

a Smoking grouped as ‘smoking’ or ‘non-smoking’.
b Smoking grouped as ‘no’, ‘mild’, ‘moderate’ or ‘severe’.
* P < 0.05.
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at 3 months and the type of operation. Table 4 characterizes the accuracy of such 
a classi!er in terms of misclassi!cation errors estimated by leave-one-out-cross 
validation. According to the results, one can predict the aspect of a scar 12 months 
postoperatively, by evaluating the wound at 3 months and taking the patient’s type of 
operation into account, with a prediction error of approximately 27.5%.
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Figure 2. Boxplots comparing the distribution of age in the hypertrophic and normotrophic 
group separately for patients who had breast reduction mammoplasty (BRM) and cardiothoracic 
surgery (CS).

Table 4. Misclassi!cation errors (percentage of incorrectly classi!ed patients) based on a non-
parametric regression classi!er.

Description of the classi!er

Errors by scar aspect  
after 12 monthsa

Overall
errorNormotrophic Hypertrophic

Predicts the scar aspect after 12 months of an 
arbitrary patient based on the scar aspect after 3 
months

39.8% 6.6% 29.1%

Predicts the scar aspect after 12 months of an 
arbitrary patient based on the scar aspect after 3 
months and the type of operation

33.6% 14.8% 27.5%

a The results consist of misclassi!cation errors estimated by leave-one-out-cross validation. For 
example, the estimate of 39.8% given under ‘Normotrophic’ is the percentage of patients with a 
normotrophic scar after 12 months whose scar aspect had been incorrectly predicted based on 
the scar aspect after 3 months. The overall error represents the percentage of patients whose 
status at 12 months was incorrectly predicted based on their scar aspect 3 months postoperatively 
and the type of operation they underwent.
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DISCUSSION

In this study, we described the incidence of hypertrophic scar formation and analyzed 
the association between patient characteristics and hypertrophic scar formation after 
operation in two standardized wound healing models. Approximately 60% of the 
patients developed hypertrophic scars after the operation, typically during the !rst 
three months postoperatively. Young, non-smoking patients were most susceptible 
to hypertrophic scar formation. These data on the evolution of, and susceptibility for 
hypertrophic scar formation are important for identifying a high-risk population, as the 
rate of hypertrophic scar formation varies amongst individuals. 

This variation is probably caused by genetic predisposition, endogenous factors 
and exogenous factors that in"uence the wound healing process1. According to 
published reports, the incidence of hypertrophic scars varies between 39% and 68% 
after operation and between 33% and 91% after burn injury6-8. Possibly, such a great 
variance in the reported incidence rates is seen because of the lack of homogeneity 
of various studies, and the subjectivity of clinically scoring scar hypertrophy. In this 
study, the incidence of hypertrophic scar formation postoperatively was 59.8%, which 
corresponds with the higher rates reported in other studies.
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Figure 3. Histograms illustrating the association between smoking and hypertrophic scar 
formation in patients after breast reduction surgery aged 30 years or less.
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Little data are available concerning the incidence and natural progression and 
regression of hypertrophic scars. Hypertrophic scars sometimes undergo partial 
spontaneous regression over a widely varying time course. In our study, most 
hypertrophic scars were present 3 months postoperatively. Only 2% of the patients 
who had a normotrophic scar at 3 months developed a hypertrophic scar between 3 
and 12 months postoperative. Many hypertrophic scars (53%) remained hypertrophic 
between 3 and 12 months postoperatively, while 47% of the hypertrophic scars 
present at 3 months regressed between 3 and 12 months postoperatively. Clinically, 
this information may be very useful for informing patients and choosing treatment. 
According to our results, an automatic, data driven classi!er can predict the aspect of 
a scar 12 months postoperatively on the basis of the wound aspect at 3 months with 
a prediction error of approximately 27.5%. Whether this error is smaller than that of a 
clinician remains to be seen, but future studies on prediction models for hypertrophic 
scar formation may further decrease this error rate by using other covariates associated 
with hypertrophic scar formation. Subsequently, these prediction models may be 
useful in assisting patients and clinicians in their decision making process.

According to previously published reports, the incidence of excessive scarring 
seems to be the highest in the second decade of life9. Children and teenagers 
that develop hypertrophic scars may not show this tendency later in life10. In this 
study, no statistical evidence was found that younger patients are more susceptible 
to hypertrophic scar formation, but the consistent trend in the boxplots (Figure 2) 
indicates that this should be con!rmable with a bigger sample of patients. Moreover, 
the fact that the association between smoking and hypertrophic scar formation is 
visible in young patients lends further support to this hypothesis. An explanation for 
the in"uence of age on hypertrophic scar formation may be found in the alteration of 
biochemical processes, and the fact that the skin of younger people possesses greater 
tension, whereas the older skin is less elastic. At biochemical level, the immune system 
is much more active in younger individuals11. Furthermore, children have a strong 
anabolic basal activity that may generate an unbalance in the remodeling phase of 
wound healing and may lead to the increased rate of collagen synthesis as seen in 
younger individuals12. Another explanation for this phenomenon is based on the 
mechanoreceptor hypothesis13, which states that keloids and hypertrophic scars 
are the result of excessive responsiveness or functional failure of either dermal cell 
mechanoreceptors or mechanosensitive nociceptors of sensory !bers in the skin. 

Although many studies have con!rmed that smoking hinders the healing 
of wounds14,15, some studies report an enhancement of wound healing by low 
concentrations of nicotine by stimulating angiogenesis via the endothelialnicotinic 
acetylcholine receptors16,17. We also found a clear association between smoking and 
scar aspect 12 months postoperatively (Figure 3). Overall, according to our data, non-
smokers are more susceptible to hypertrophic scar formation, and the results of the 
tests by strata suggest that this association is mainly present in younger patients (Table 
3). The putative effects of smoking on the wound healing process may be explained in 
terms of various effects of smoking that are already well-established. Smoking causes 
a decreased systemic in"ammatory response18. Nicotine, which is a vasoconstrictive 
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substance, decreases proliferation and migration of macrophages and !broblasts19, 
and decreases collagen deposition20. Smoking may also be a proxy of an overall 
unhealthier life style.

In most studies no signi!cant difference in the incidence of excessive scarring 
between men and women has been found. One study, however, reported a higher 
incidence of hypertrophic scar formation in women (53%) than in men (24%), but 
no explanation for this higher incidence was given6. In our study, no evidence of 
an association between gender and hypertrophic scar formation was found (as 
appropriate, this was analyzed only for CS patients, since no men undergo BRM).

Excessive scarring occurs in all races, but a higher incidence of keloids has been 
reported in blacks and individuals with greater pigment production8,9,21. In hypertrophic 
scar formation such an association has not been established in the literature. Our study 
found no association between skin type or pigment production and hypertrophic scar 
formation (Table 3). However, it should be noted that there were very few patients 
included with a skin type different from white (Table 2). Studies that include more 
black patients are needed to evaluate the risk of dark-skinned people developing 
hypertrophic scars.

Patients who develop keloids show a higher frequency of allergic symptoms 
compared with individuals with hypertrophic scar22, and the incidence of excessive 
scarring has been reported to correlate with serum immunoglobulin E levels23. It 
is known that mast cells and some of their products, such as histamine, which play 
an important part in allergic reactions, also stimulate the formation of collagen by 
!broblasts, and may play an important part in hypertrophic scar formation1,24,25. In our 
patients, we found no evidence for an association between allergy and hypertrophic 
scar formation. 

Many studies have emphasized the pathological and histological differences 
between hypertrophic scars and keloids. It is well established that keloid formation is 
related to skin color, rate of pigment production, and allergies. In our study, however, 
these factors were not associated with hypertrophic scar formation. This strengthens 
the idea that hypertrophic scars and keloids indeed are separate entities, not only in 
terms of pathological and histological differences, but also regarding etiology. 

In conclusion, hypertrophic scar formation is a common complication of wound 
healing after an operation. Most hypertrophic scars develop during the !rst three 
months postoperatively, and when present at three months after the operation the 
majority of scars is still hypertrophic after 12 months. Younger, non-smoking patients 
seem to be more susceptible to hypertrophic scar formation. Further research 
should address the effect of smoking on scar formation, and identifying other 
patient characteristics, genetic factors, and immunological responses that in"uence 
hypertrophic scar formation, or can be used to predict its incidence and regression.
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