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INTRODUCTION 

A scar is an indelible mark for life. It may change a little over time, but it will always 

be there. Scars evoke different emotions; for some people a scar may be a reminder 

of an incident that saved their life, for others it may be a reminder of a disease that 

threatened their life. A scar can be the result of a correction of a congenital disease. 

It may make people happy because it represents the exchange of a lot of extra skin or 

weight. It may also evoke memories of a surgery or an accident. In some cultures scars 

are deliberately created as a form of decoration. 

 

A scar may be positioned in a discrete spot, or right on the face. A scar may be made 

by a surgeon, or be the result of infection, an accident, a burn or an insect bite. You 

may not feel a scar or you may be constantly bothered by it, even to such an extent 

that it influences your quality of life. Some scars cause pain, itch, or may even impede 

movement. 

Strangers are frequently curious about scars and ask why the scar is there and what 

happened? Scarring can evoke a lot of questions, empathy or bullying.

A doctor or outsider might view a scar very differently from the person who has the 

scar. We don’t know exactly why a wound heals in the way that it does. A fetus during 

the second trimester heals scarlessly. Conversely some people develop a keloid 

scar after just a minor injury. Depending on race, age, health, behavior and genetic 

predisposition, the scars of incisions closed by the same surgeon may look totally 

different in different individuals.

The treatment of derailed scars remains difficult. There are guidelines, but there are 

also a wide range of treatment options and regimens. These include steroid injections, 

5FU injections, silicon sheeting, laser therapy, excision, pressure therapy, cryotherapy, 
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brachytherapy, radiotherapy. The reported results of scar treatment can be inconsistent, 

and sometimes even contradictory (what is considered a recurrence, how long is the 

follow up, is the opinion of the patient the same as the observer, is objective scar 

evaluation in accordance with subjective scar evaluation). [1-5] 

Scars continue to be a mystery, and a lot of scientific work needs to be done to unravel 

their secrets. This thesis is just a minor contribution towards trying to understand more 

about scars, how they are evaluated and the way we view and treat them.

The basis of wound healing comprises four phases: hemostasis, inflammation, 

proliferation and maturation. Hemostasis starts when blood leaks out of the body. 

Blood vessels constrict to restrict the blood flow. Platelets stick together in order to 

seal the break in the wall of the blood vessel. Finally coagulation occurs and reinforces 

the platelet plug with treads of fibrin which are like a molecular binding agent. This 

stage of wound healing happens very quickly.

At the time of wounding the inflammatory phase also begins. Activation of the 

coagulation cascade causes the release of cytokines that stimulate chemotaxis of 

non-specific immune cells (macrophages, neutrophils) into the wound for early wound 

debridement. 

The inflammatory phase transitions into the proliferative phase after 48-72 hours. 

Granulation tissue is synthesized by fibroblasts that are attracted into the wound. This 

tissue is composed of procollagen, elastin, proteoglycans, and hyaluronic acid and 

forms a structural repair framework to allow vascular ingrowth. Myofibroblasts are 

responsible for physiological wound contraction. This phase lasts for 3-6 weeks. The 

maturation phase starts once the wound is closed and can last for several months to 

more than a year. Collagen is realigned along tension lines, and cells that are no longer 

needed are removed by programmed cell death. [6, 7]

A derailment in the wound healing process contributes to hypertrophic scarring and 

keloid formation. This type of scar develops exclusively in humans, with the same 

prevalence in both male and female sexes, with the highest incidence being in the 

second decade of life.[7-9] 

In hypertrophic scars (HTS) an excessive amount of collagen is deposited within the 

wound area causing the scar to become raised above skin surface. However, the scar 

stays within the confines of the original wound. HTS often appear red and shiny and 

cause pain, itching and sometimes even restriction of motion if positioned above a 
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joint. Young age, bacterial colonization/infection and stretch are risk factors for HTS 

formation. [10] Hypertrophic scars usually undergo partial spontaneous resolution over 

widely varying time courses and are often associated with contractures of the healing 

tissues.

Cosman defined a keloid scar as a scar that is elevated and extends beyond the 

dimensions of the initiating injury site or lesion (Cosman 1961). It has the tendency to 

recur after excision. Keloids occur approximately fifteen times more often in people 

with darker skin than in those with lighter skin. [11-13] Local mechanical forces appear to 

play an important role in scar formation. Keloids commonly adopt site-specific shapes 

(butterfly on the shoulder, crab claw on the anterior chest and dumbbell on upper arm). 

Furthermore, they have a tendency to occur at locations that are subject to tension 

(anterior chest, shoulder), and seldom occur in areas where there is little stretching. 

An exception to this is the earlobe.[14] Keloids can cause pain, extensive itching and 

restriction of motion and may significantly affect quality of life.

The formation of keloids seems to run in families and can have an autosomal recessive 

or dominant transmission [15, 16]. Keloid formation appears to be related to the immune 

system and also to connective tissue disease. Among other groups, people with the 

Rubinstein-Taybi syndrome have an increased likelihood of developing keloid scars.

Keloid scar formation may occur as a result of dysregulation of one of the three phases 

of wound healing. The inflammatory response may play a crucial role in scar outcome 

by the dysregulation of TGF beta. Under normal circumstances TGF beta production 

is quiescent at the completion of wound healing. Transient expression of TGF beta 

may contribute to the lack of scar formation seen in fetal tissue after trauma.[17] In 

keloids overexpression of isoforms 1 and 2 and decreased expression of isoform 3, 

create an environment of increased fibroblast activation. This results in an escalation of 

extracellular matrix production and the development of an abnormal scar. [18]

Histopathological examination of pathological scars reveals that the epidermis and 

papillary layers of the dermis are almost normal apart from minor inflammation. The 

reticular layer shows strong inflammation with more blood vessels and greater collagen 

accumulation. [19, 20]
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AIMS OF THIS THESIS

CHAPTER 2

Chapter 2 examines the contribution made to the modification of a scar scale to 

evaluate different types of scars and to incorporate the opinions of both the observer 

and the patient.

Scar measurement devices can be described as either objective, i.e. to evaluate the 

different aspects of a scar (color, thickness, surface texture, suppleness, surface area) 
[21-24], or subjective, i.e. scar assessment scales, where these different items are criticized 

by a doctor and/or a patient. Subjective scar scales are noninvasive, easy to use and 

clinically useful and - importantly - they can incorporate the opinion of the patient. [25] 

Nowadays, with shared decision at the forefront of treatment protocols and PROMS 

(patient related outcome measurements), the opinion of the patient should no longer 

be excluded from scar evaluation. Patient-reported scar scales enable the evaluation 

of health domains that cannot be observed by clinicians, such as symptoms caused by 

the scar and quality of life.

Appropriate scar evaluation tools are mandatory for an evidence-based approach to 

scar management and may eventually lead to an improvement of scar treatment and 

prevention. Over recent decades, many scar assessment scales have been developed 

both to evaluate the effectiveness of new and existing treatments in the research 

setting, and also to monitor scars in individual patients. 

The Vancouver Scar Scale (VSS) was the first widely used and validated scar scale. 
[26] This scale included the items vascularity, pigmentation, thickness and pliability, 

however, it did not incorporate the opinion of the patient. In 2000, Nedelec et al added 

a symptomatic assessment (the items pain and itch) to the VSS. [27] The first scale by our 

group that incorporated the patient’s opinion of the scar by means of a scale was the 

Patient and Observer Scar Assessment Scale (POSAS) in 2004. [21] The POSAS is a scar 

assessment scale that was specifically designed for the subjective evaluation of various 

types of scar formation; it has been tested and found to be consistent and reliable for 

the assessment of burn scars. [21] It consists of both an observer scale (completed by 

the doctor) and a patient scale (completed by the patient). However, the scale was not 

initially tested on linear scars, and to be used scientifically it needed to be proved to be 

an appropriate subjective tool for the evaluation of linear scars. 

15
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CHAPTER 3

Scar evaluation is necessary in the evaluation of the treatment of hypertrophic or keloid 

scars. Both to evaluate treatment already given and as part of the evaluation of future 

treatments of scars and for research purposes.

Keloids are difficult to cure. There are a wide array of treatment options ranging 

from tapes and plasters to corticosteroid injections, and all kinds of pharmaceutical 

therapies (5-FU, Bleomycine), laser therapy, surgical excision, intralesional cryotherapy, 

brachytherapy and radiotherapy and various combinations of the aforementioned 

therapies. Currently there is no specific treatment option that is able to completely and 

permanently remove keloids and restore function. 

Many therapy-resistant keloids are seen at the Amsterdam UMC. We carried out a 

literature search on the different treatment options for therapy-resistant keloids and 

evaluated the option of surgical excision and adjuvant irradiation therapy. According 

to the International Recommendations on Scar Management, this was the option of 

choice for therapy-resistant keloids [28]. The scars were measured and evaluated by 

means of the POSAS at the end of the follow-up period.

CHAPTER 4 

Genetics might provide an answer to why pathological scarring develops. In search of 

answers we wanted to investigate patients with Rubinstein-Taybi syndrome (RSTS) who 

are prone to spontaneous keloid formation.

These results are described in Chapters 4 

CHAPTER 5 

Seven patients were found to have the clinical diagnosis of frontometaphyseal dysplasia 

(FMD), but without the FLNA mutations usually associated with this condition. They all 

suffered from keloid scarring that occurred early in life. 

FMD is a distinctive sclerosing skeletal dysplasia associated with a number of non-

skeletal manifestations such as hearing loss, cardiac malformations and stenosis of 

the upper airway and urinary tract. Eighty-two percent of this patient group have FLNA 

mutations,[29] and keloids were not encountered in this group.

The seven patients have a de novo autosomal dominant acting mutation gene that is 

functionally related to FLNA. The occurrence of the extreme keloids has not previously 

been associated with this condition. 
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CHAPTER 6

In an attempt to influence the development of scar tissue we sought a uniform scar 

to prepossess. Every year around 800 open heart operations are performed in the 

Netherlands on children with a congenital heart defect by means of the median 

sternotomy approach. The uniform median sternotomy scar gave us an opportunity 

to compare two different suturing techniques in a scar with regard to wound healing 

and scar formation. Scars in the presternal region have a high tendency to become 

hypertrophic and to itch. Normally presternal wounds are closed in two layers, one 

layer of subcutaneous sutures followed by one running subcuticular suture. As an 

alternative to the running subcuticular suture, the Steri StripTM S, a surgical skin closure 

adhesive tape, was used. In two previous studies performed in adults with median 

scar incisions, this had been shown to be a fast and safe method of presternal wound 

closure.[30, 31] The POSAS was again used to evaluate these scars. The results of this 

study are presented in Chapter 6.

CHAPTER 7

Plastic surgeons are often confronted with patients who suffer from problematic scars. 

Some of them are children, and I am frequently asked if age has an influence on scar 

tissue. To date little has been published about this subject.

It is known that the wound healing process varies at different stages in life. In the 

first 24 weeks of gestation the wound healing of the skin of the fetus is regenerative 

and thus there is no scarring. After this period, wound healing switches to the way of 

adult wound healing, featured by scar formation. One possible explanation is the less 

inflammatory response of the fetus (lower concentration of neutrophils).[32-35]

It is not clear whether this effect applies to humans as well as animals. In children, 

the number of neutrophils increases with age [36]. In adults aged 60 years and older, 

neutrophils appear at an earlier point in the wound healing process than they do in 

younger adults. [37] This might suggest that the scarring process takes longer with 

age. In animal studies, the migration of neutrophils in fetuses has been seen to be 

reduced.[35, 38] Since neutrophils contribute to inflammation, it might be that a reduction 

in migration could have influence on scarless healing. In humans, the amount of 

IL-6 and IL-8 is higher in adults than in fetuses. [39] The amount of IL-6 and IL-8 has 

been observed to increase between the ages of 0 and 17 years. These cytokines (IL-6 

and IL-8) are responsible for the degree of inflammation. Bermudez et al. suggest a 

relationship between the degree of inflammation and scar formation. [40]. It could be 

considered that scarring increases with age until adulthood. The fibroblast migration 

and collagen production are both delayed in adults, which may contribute to scarring. 
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[35, 38] However, it is not clear if these results apply to humans as well as to animals.  

An overview of the cells and cytokines for different age groups is presented in table 1.

Table 1. Overview of cells and cytokines in wound healing. The arrows show the numbers of cells 

and cytokines. The different colours indicate the species. For macrophages no information was 

found about the numbers of cells. 

Fetus Adult Increasing age

Macrophages - - -

Neutrophils   

Lymphocytes 

Fibroblasts  

IL-6/8  

IL-10  

TGF-β1   

TGF-β3 
Legend: 

 Humans   Animals   Humans and animals    Unclear 

Sternotomy is most often performed on small children and adults. The wound is 

uniform: the sternum is closed with steel wires and the wound is closed in two layers. 

Wound infection is an important complication that affects scarring. Knowledge of the 

influence of age on healing and scarring can present opportunities to intervene in 

the wound healing process in order to minimize scarring. It also provides information 

about the timing of surgery, if the kind of surgery allows that.

In Chapter 7 the results of the healing of sternotomy wounds in children and in adults 

are compared to see if there is a difference in the final appearance of the scar. 
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ABSTRACT

BACKGROUND 

Although scar evaluation tools are necessary for an evidence-based approach to scar 

management, there is as yet no generally accepted tool. The Patient and Observer 

Scar Assessment Scale was developed recently and found to be a useful subjective 

evaluation tool for burn scars. The authors tested the Patient and Observer Scar 

Assessment Scale on linear scars, the largest category of surgical scars. 

METHODS

One hundred linear surgical scars were assessed by three independent observers using 

the observer scale to evaluate vascularity, pigmentation, thickness, relief, pliability, and 

surface area. The patients evaluated their scars simultaneously and 2 weeks later using 

the patient scale for the following parameters: pain, itching, color, stiffness, thickness, 

and relief.

RESULTS

The internal consistency of the observer and patient scales was good (Cronbach’s  

α  = 0.86 and 0.90, respectively). The reliability of the observer scale was good for the 

total score (r = 0.96, p <0.001) and separate items (r ≥ 0.86, p <0.001) for three observers. 

Even a single observer evaluated scars reliably with respect to the total score (r =  0.88,  

p < 0.001) and the items vascularity, pigmentation, thickness, and surface area  

(r >  0.70, p < 0.001). The patient’s intraobserver reliability was good for the total score 

(r = 0.94, p < 0.001) and separate items (r ≥ 0.89, p < 0.001). The coefficient of variation 

of the total score was 10.4 percent for the observer scale and 15.8 percent for the 

patient scale, indicating good agreement.

CONCLUSIONS

The Patient and Observer Scar Assessment Scale is an appropriate subjective tool for 

the evaluation of linear scars. (Plast. Reconstr. Surg. 116: 514, 2005.)
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Every surgical incision renders a scar. Scars may lead to an array of functional, cosmetic, 

and psychological consequences. Scar tissue is usually distinguished from healthy skin 

by an aberrant color, increased thickness, irregular surface area, loss of elasticity, and 

contraction or expansion of the surface area. The patient frequently endures itching 

and pain, especially if the scar has become hypertrophic. The characteristics of the 

scar depend on etiology, size, location, suturing technique, and wound treatment, as 

well as individual age, race, and genetic predisposition.1–5

Generally accepted scar evaluation tools are mandatory to evidence-based research, 

and may finally lead to an improvement of scar treatment and prevention. Objective 

measurement devices are available to evaluate skin and scar color,6 thickness,7 surface 

texture,8 suppleness,9,10 and surface area.11 Although objective techniques for scar 

evaluation are of paramount importance, there is a need for subjective assessment 

of scars as well. Measuring devices are frequently time consuming and expensive. 

Moreover, objective measurements are not always superior to a subjective assessment. 

In contrast to the objective measuring devices that are directed to the measurement 

of a single parameter of scarring, different parameters of subjective evaluation may 

pertain to a scar assessment scale, resulting in an overall impression of the outcome. 

Subjective scar assessment scales, which are noninvasive and easy to use, are 

considered to be more clinically useful.12

No subjective scale is generally accepted at present for scar assessment.12 The 

Vancouver Scar Scale 13,14 is currently the most frequently applied tool for the category 

of burn scars. However, the authors of the original article on the Vancouver Scar Scale 

have already stated that their scale lacked the rating of symptoms such as itching and 

pain, which they considered important in the treatment of scars.13 Also, it remains 

difficult to extend the use of the Vancouver Scar Scale to other types of scarring.15

The Patient and Observer Scar Assessment Scale has been designed for a subjective 

evaluation of various types of scar formation. A study recently published in this Journal 

shows that it is more consistent and reliable for the assessment of burn scars than the 

Vancouver Scar Scale.16

The observer portion of the Patient and Observer Scar Assessment Scale contains 

parameters (vascularization, pigmentation, thickness, relief, and pliability) that were 

selected after a critical review of scar evaluation tools17 and clinical experience. In 

addition to the observer’s portion, patients are asked to rate itching, pain, and four other 

parameters that parallel the parameters evaluated by the observer (color, thickness, 

relief, and pliability). The patient’s portion of the scale, the patient scale, allows for 
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a more complete evaluation in comparison to an evaluation by observers alone. In 

particular, the parameter itching was shown to be significant for the patient.16 The 

patient scale can be completed at home and returned, which may be of significance 

for studies when the patient is unable to visit the clinic.

In the present study, the Patient and Observer Scar Assessment Scale was used to 

evaluate linear scars. Although this category represents the largest category of scars in 

surgery, a generally accepted scar assessment scale is still lacking. The appropriateness 

of the Patient and Observer Scar Assessment Scale was studied critically with respect 

to the concepts of internal consistency, reliability, and agreement. Internal consistency 

shows whether an item should be included in the scale. Reliability refers to the 

reproducibility of measurements or ratings by observers, whereas agreement refers to 

the agreement of ratings by different persons or by the same person at different time 

points. Use of a reliable assessment tool with good internal consistency and agreement 

is of paramount importance if we are to establish sound evidence leading to a better 

understanding of scar formation and the results of therapeutic interventions.

Use of the Patient and Observer Scar Assessment Scale for clinical and research 

purposes taught us that change in the scar surface area was missing from the observer 

scale reported by Draaijers et al.16 Therefore, the surface area parameter was added to 

the five parameters for a more complete scar evaluation. In this way it was possible to 

assess contraction or expansion of the scar surface area. The study was also designed 

to test intrapatient reliability, which was not evaluated in the previous study on the 

Patient and Observer Scar Assessment Scale.16

PATIENTS AND METHODS

The subjects were recruited from the Department of Plastic, Reconstructive, and Hand 

Surgery of the Academic Medical Center, in Amsterdam, the Netherlands. One hundred 

linear surgical scars were included from 100 consecutive patients. The inclusion and 

exclusion criteria are described in Table 1. The most recent surgical linear scar was 

chosen if a patient had more than one scar. Patients with linear scars after a double-

sided breast reduction were also eligible for this study, but only the scar at the 

inframammary fold was evaluated on one side. The right or left side was randomly 

assigned by pulling an envelope. All patients gave informed consent.

26

2



Table 1. Inclusion and Exclusion Criteria

Inclusion criteria
 Age patient ≥ 16 years
 Age scar ≥ 6 weeks
 Length scar ≥ 3 cm
 Indication and date of surgery known 
Exclusion criteria
 Scar localization not visible for patient 
 Language barrier
 No visible normal skin on similar anatomical area as a control available

THE PATIENT AND OBSERVER SCAR ASSESSMENT SCALE

The Patient and Observer Scar Assessment Scale consists of two scales: the observer 

scale and the patient scale (Figs. 1 and 2). Both scales contain six items that are scored 

numerically. Each of the six items on both scales has a 10-step score, with 10 indicating 

the worst imaginable scar or sensation. The total score of both scales consists of adding 

the scores of each of the six items (range, 6 to 60). The lowest score, 6, reflects normal 

skin, whereas the highest score, 60, reflects the worst imaginable scar.

The observers rated scar vascularity, pigmentation, pliability, thickness, relief, and 

surface area. These concepts are defined in Table II. The surface area item was added 

to the observer scale by Draaijers et al.16 to define the either decreased or increased 

surface area of the scar in relation to the original wound area. A Plexiglas tool was used 

to evaluate vascularity and pigmentation, because it is sometimes difficult to distinguish 

between the items vascularity and pigmentation. The use of Plexiglas for this reason 

had already been suggested by Baryza and Baryza.14 In this study, the observers used 

a 10 × 4-cm piece of 3-mm-thick Plexiglas. The vascularity was assessed by pressing 

the Plexiglas on the scar and the surrounding skin and, while releasing it, looking at 

the capillary refill. To assess pigmentation, the scar was blanched using the Plexiglas to 

eliminate the effect of vascularity.

The patient scale contains six questions applying to pain, itching, color, pliability, 

thickness, and relief (Fig. 2). For this study, the translated Dutch version was used. 

Because it was too difficult for the patients to make the distinction between 

pigmentation and vascularity, both characteristics were captured in one item: color.

The rating of each separate parameter pertained to the total score of the Patient and 

Observer Scar Assessment Scale as well as the total score of the two subscales: the 

patient and observer scales. Category boxes were added to the parameters of the 

observer scale. The categories were not included in the total score of the Patient and 
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Observer Scar Assessment Scale, but were considered relevant for a more complete 

documentation of the disorder (e.g., hypopigmentation or hyperpigmentation). The 

category boxes are listed in Figure 1.

OVERALL OPINION OF THE OBSERVER AND THE PATIENT

In addition to the Patient and Observer Scar Assessment Scale, both the observer and 

the patient gave their overall opinion on the appearance of the scar. Again, a 10-step 

scale was used in which 10 corresponded to the worst imaginable scar.

Completing the observer part 

Three observers completed the observer scale independently following the definitions 

listed in Table 2. One of the observers was a medical doctor, one was a scientist in 

human movement science, and one was a medical student. None of the observers had 

experience in scar assessment. They read the instructions on the Patient and Observer 

Scar Assessment Scale beforehand.

Completing the patient part

Each patient completed the patient scale for the same scar that the observers evaluated. 

Clearly, it is not possible to test interpatient reliability because patients had to evaluate 

their own scars. Therefore, patients had to evaluate their scars a second time 2 weeks 

after their first evaluation. In this way, the intraobserver reliability of the patient scale was 

established. We considered, in concordance with Streiner and Norman,18 that a period 

of 2 weeks should be a sufficient interval period for a retest. We felt that the interval 

should not be much longer because the appearance of a scar changes over time.

STATISTICAL ANALYSIS

All data were analyzed by the statistical program SPSS for Windows 10.5 (SPSS Inc., 

Chicago, Ill.). The internal consistency of the observer and patient scales was calculated 

by means of Cronbach’s alpha, which represents the score on each item in correlation 

with scores on all other items. A good internal consistency indicates that all items refer 

to the same variable, which in this study was scar quality. The average scores of all 

observers per item were used for calculations. Cronbach’s alpha should range from 

0.70 up to and including 0.90 to demonstrate consistency in a scale.19
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PATIENT AND OBSERVER SCAR ASSESSMENT SCALE: OBSERVER SCALE

Normal skin 1 2 3 4 5 6 7 8 9 10 Worst scar imaginable

Vascularity ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐
Pale

Pink

Red

Purple

Mix

Pigmentation ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐
Hypo

Hyper

Mix

Thickness ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐
Thicker

Thinner

Relief ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐
More relief

Less relief

Mix

Pliability ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐
Supple

Stiff

Mix

Surface area ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐
Expansion

Contraction

Mix

Normal skin 1 2 3 4 5 6 7 8 9 10 Worst scar imaginable

Overall opinion ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

Figure. 1. Observer scale.

The intraclass correlation coefficient (ICC), with its 95 percent confidence interval, 

was used to calculate the interobserver reliability of the observer scale. The intraclass 

correlation coefficient of the separate items, the total score of the observer scale, 

and the overall opinion of the observer were calculated using the two-way random 

effect model and the absolute agreement type in SPSS. From the interobserver 

intraclass correlation coefficient, the single-observer reliability (single measurement) 

could be calculated as well as the reliability for the three observers together (average 

measurement). An intraclass correlation coefficient of 0.70 was considered a minimum 

requirement for reliable results.

The intraobserver reliability of the patient scale was calculated by test-retest reliability. 
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The first and second assessments of the patient were used for this purpose for the 

intraclass correlation coefficient after one-way effect model was selected in SPSS.

PATIENT AND OBSERVER SCAR ASSESSMENT SCALE: PATIENT SCALE

No, not at all 1 2 3 4 5 6 7 8 9 10 Yes, very much

Has the scar been painful the past 
 few weeks?

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

Has the scar been itching the past 
 few weeks?

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

No, as normal skin 1 2 3 4 5 6 7 8 9 10 Yes, very different

Is the scar color different from the color of 
 your normal skin at present?

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

Is the stiffness of the scar different from 
 your normal skin at present?

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

Is the thickness of the scar different from 
 your normal skin at present?

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

Is the scar more irregular than your normal 
 skin at present?

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

As normal skin 1 2 3 4 5 6 7 8 9 10 Very different

Is the scar color different from the color of 
your normal skin at present?

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐

Figure. 2. Patient Scale

The agreement of the measurements of the three observers was expressed as the 

standard error of measurement (standard error of measurement = ✓mean square 

residual). The same calculations were used in the study by Draaijers et al.16 The standard 

error of measurement calculated the amount of error in scores and was expressed in 

coefficients of variation (coefficients of variation= standard error of measurement/mean 

* 100). A low coefficient of variation indicates a good agreement. The standard error 

of measurement was also used to calculate the agreement between measurements 

carried out by the patient.

Linear regression was used to estimate the influence of the various scar characteristics 

on the overall opinion of the patient and the observer. Stepwise regression was 

performed using the backward elimination method. The significance criterion for 

inclusion was set at 0.05 and 0.10 for removal of parameters.

The interobserver reliability of the panel was calculated by intraclass correlation 

coefficient for all observers (average measurement) and for a single observer (single 

measurement). In addition, the intraclass correlation coefficient was used to calculate 

intraobserver reliability of the panel by test-retest reliability.
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RESULTS

Sixty-three women and 37 men were included in the study. They had a mean age of 

43.5 years (SD, 14.6 years). The mean scar age was 6 years 10 months (range, 6 weeks 

to 43 years). Eighty-three patients were Caucasian, 14 were of the Negro race, and 

three were Arabian. The scars were located on the face (n 10), breast (n = 10), abdomen 

(n = 20), back (n = 4), arm (n = 8), wrist (n = 13), hand (n = 26), and leg (n = 9).

OBSERVER SCALE: INTERNAL CONSISTENCY, RELIABILITY, AND AGREEMENT

The internal consistency of the observer scale was good (Cronbach’s α 0.86). The reliability 

and agreement results are listed in Table 3. The intraclass correlation coefficient was 

calculated for three observers as well as for a single observer. The intraclass correlation 

coefficient of a single observer for the total score of the observer scale was good 

(0.88). The coefficients of a single observer for the separate items were all significant  

(p < 0.001), but only vascularity, pigmentation, thickness, and surface area were above 

0.70. The intraclass correlation coefficient of a single observer for relief and pliability 

were 0.67 and 0.65, respectively. Combinations of two observers for these items 

resulted in a coefficient of at least 0.80 (95% CI, 0.70 to 0.87; p < 0.001) for relief and 

0.76 (95% CI, 0.65 to 0.84; p < 0.001) for pliability. When three observers assessed a scar 

at the same time, good intraclass correlation coefficient values were found on every 

item (range, 0.85 to 0.95), all with statistical significance (p < 0.001). The coefficients of 

variation, which indicate the agreement of the observers, are listed in Table 3.

Table 2. Definitions of Terms Used in the Patient and Observer Scar Assessment Scale

Vascularity* Presence of vessels in scar tissue assessed by the amount of redness, tested by the

amount of blood return after blanching with a piece of Plexiglas

Pigmentation* Brownish coloration of the scar by pigment (melanin); apply Plexiglas to the skin with

moderate pressure to eliminate the effect of vascularity

Thickness* Average distance between the subcutical-dermal border and the epidermal surface of the scar

Relief* The extent to which surface irregularities are present (preferably compared with adjacent 

normal skin)

Pliability* Suppleness of the scar tested by wrinkling the scar between the thumb and index finger

Surface area Surface area of the scar in relation to the original wound area

* Preferably compared with adjacent normal skin or normal skin of com-parable anatomical locations.
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Table 3. Observer Scale and the Overall Opinion of the Observer: Reliability and Agreement

Reliability

ICC 1 Observer ICC 3 Observers Agreement

Observer Scale Parameters (95% CI) (95% CI) CV (%)

Vascularity 0.81* (0.73–0.86) 0.93* (0.89–0.95) 22.4

Pigmentation 0.71* (0.62–0.78) 0.88* (0.83–0.91) 20.6

Thickness 0.72* (0.63–0.79) 0.88* (0.84–0.92) 20.2

Relief 0.67* (0.58–0.75) 0.86* (0.80–0.90) 22.1

Pliability 0.65* (0.55–0.73) 0.85* (0.79–0.89) 24.1

Surface area 0.83* (0.77–0.88) 0.94* (0.91–0.96) 16.0

Total score observer scale 0.88* (0.84–0.91) 0.96* (0.94–0.97) 10.4

Overall opinion of the observer 0.81* (0.75–0.86) 0.93* (0.90–0.95) 17.8

95% CI, 95 percent confidence interval; ICC, intraclass correlation coefficient; CV, coefficient of variation.

The intraclass correlation coefficient was calculated for a single observer and for the three observers using the 

observer scale of the Patient and Observer Scar Assessment Scale on 100 scars. Agreement is expressed as the 

coefficient of variation, which is calculated using the following formula: (standard error of measurement/ mean) 

× 100. Standard error of measurement is calculated as the square root of the mean square of the residuals of 

the analysis of variance.

* p < 0.001.

PATIENT SCALE: INTERNAL CONSISTENCY, RELIABILITY, AND AGREEMENT

The internal consistency of the patient scale was good (Cronbach’s α 0.90). The reliabil-

ity and agreement of the patient scale were based on the two assessments by the patients 

with an interval of 2 weeks. Ninety-five of 100 patients returned the patient scale after 2 

weeks. Analysis of the patient scale was performed on the 95 paired assessments. The 

intraclass correlation coefficient values together with the coefficients of variation for the 

patient scale are listed in Table 4. The intraclass correlation coefficient values of all the 

separate items and of the total score were ≥ 0.89 (p < 0.001).

Table 4. Patient Scale and the Overall Opinion of the Patient:Reliability and Agreement

Reliability ICC Agreement

Patient Scale Parameters (95% CI) CV (%)

Pain 0.96* (0.95–0.98) 19.9

Itching 0.89* (0.83–0.92) 35.0

Color 0.91* (0.87–0.94) 19.2

Stiffness 0.91* (0.87–0.94) 21.9

Thickness 0.93* (0.90–0.95) 19.7

Relief 0.94* (0.91–0.96) 16.8

Total score, patient scale 0.94* (0.91–0.96) 15.8

Overall opinion of the patient 0.84* (0.77–0.89) 25.3

95% CI, 95 percent confidence interval; CV, coefficient of variation.

For intrarater (test-retest) reliability of the patient scale, the first and second scar evaluations were completed 

by 95 of 100 patients. Agreement is expressed as the coefficient of variation, which was calculated using the 

following formula: (standard error of measurement/mean) × 100. Standard error of measurement is calculated 

as the square root of the mean square of the residuals of the analysis of variance.

* p < 0.001.
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OVERALL OPINION OF THE OBSERVER AND PATIENT: RELIABILITY, AGREEMENT, 

AND LINEAR REGRESSION

The reliability and agreement of the overall opinion of the observers and patients are 

shown in Tables 3 and 4, respectively. Linear regression was applied to establish the 

relationship between separate parameters of the Patient and Observer Scar Assessment 

Scale (independent variables) and the overall opinion (dependent variables). The opinion 

of the observer was significantly influenced by four parameters of the observer scale: 

surface area, vascularity, pigmentation, and relief. The opinion of the patient turned 

out to be influenced mostly by the thickness of the scar and itching (Tables 5 and 6).

Table 5. Linear Regression: Influence of Observer Scale Parameters on Overall Opinion of the 

Observers

Observer Scale Parameters Standardized Coefficient β p

Surface 0.44 < 0.001

Pigmentation 0.29 < 0.001

Vascularity 0.25 < 0.001

Relief 0.21 < 0.001

The dependent variable was the overall opinion of the observer. The backward method was used. The 

significance criterion for inclusion was set at 0.05 and 0.10 for removal of parameters.

Table 6. Linear Regression: Influence of Patient Scale Parameters on Overall Opinion of the Patient

Patient Scale Parameters Standardized Coefficient β p

Thickness 0.53 < 0.001

Itching 0.23 0.009

The dependent variable was the overall opinion of the patient. The back-ward method was used. The significance 

criterion for inclusion was set at 0.05 and 0.10 for removal of parameters.

DISCUSSION

Although every surgical discipline deals with scar formation on a daily basis, there is 

no general agreement as to the most appropriate tools for scar evaluation. The Patient 

and Observer Scar Assessment Scale, a scale recently developed to evaluate various 

categories of scars, has already been found to be a useful tool for rating burn scars.16 

The present study was conducted to evaluate the scale for linear scars, which is the 

largest category of surgical scars. Ideally, the scale should be useful for all sorts of 

linear scars. Therefore, we applied well-defined but broad inclusion criteria. Scars on 

every anatomical location (as long as they were visible by the patient), scars from all 

kinds of operations, scars of every age, and patients of all races were included.
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It was shown that both the patient and observer scales have good internal consistency, 

reliability, and agreement. In particular, the reliability of the patient scale, which was not 

included in the protocol of the study by Draaijers et al.,16 was shown to be more than 

acceptable for the total score as well as the separate parameters. All of the separate 

parameters of the observer and patient scales required one or (at most) two observers 

for good reliability, indicating good feasibility of this scar assessment scale for clinical 

follow-up and research purposes.

We believe that the patient scale must be considered an obligatory part of the Patient 

and Observer Scar Assessment Scale. The suggestion that an evaluation of the patient 

should be included in every scar evaluation scale has already been made by other 

authors12,13,20,21 but was never effectuated. If a patient is not able to visit the hospital 

for clinical evaluation or research purposes, the patient scale alone can be sent to the 

patient to get an impression of a scar.

For the patient, different aspects of a scar seem to matter than they do for an observer. 

The patient’s own view of the scar can be very influential in determining the patient’s 

quality of life.12 When comparing the total scores that patients and observers assign 

to scars, it can be said that the patients think worse of their scars than the observers 

do. This can be attributed in part to itching and pain, which are uncomfortable for the 

patient but invisible to the observer.

The enormous prevalence of complaints about itchiness in the long term suggested 

that this symptom needed to be monitored more closely. Our outcomes show that 

even with a mean scar age of 6 years 10 months, itching is one of the most disturbing 

issues for a patient, together with thickness. These findings correspond to the findings 

of the burn scar evaluation of the Patient and Observer Scar Assessment Scale16 and 

indicate the usefulness of a patient scale. Of note is the fact that the agreement of 

itching was relatively poor (coefficient of variation, 35.0 percent) in contrast to all other 

parameters (coefficient of variation range, 16.8 to 21.9 percent). This is probably related 

to the variable intensity of this complaint. The intensity of itching may have differed 

between the two assessments.

The relevance of “patient parameters” should not diminish the importance of the 

observer’s judgment. The observer scale was adapted slightly in comparison to the 

study by Draaijers et al.16 because the parameter “surface area” was added to the five 

parameters of the original observer scale. This turned out to be a valuable contribution 

because linear regression showed that the opinion of the observer is influenced mostly 

by the surface area of the scar (β 0.44, p < 0.001). In addition, this parameter has the 

34

2



best reliability and agreement of all separate items. Whether “surface area” has the 

same significance for the evaluation of burn scars has yet to be determined.

Further refinements may be applied to the Patient and Observer Scar Assessment Scale 

in the future; however, it is not practical to change the format frequently. It may be 

debatable whether all six parameters of the observer and patient scales are necessary 

for a complete scar evaluation. In particular, the patient scale may be subjected to 

a reduction of the number of parameters. However, we believe that the list may be 

shortened (or extended) only after many years of experience with this scar assessment 

tool, because the relevance of parameters needs to be evaluated for different scar 

categories in different patient groups.

It has been suggested that the parameters be “weighted” for the calculation of the 

total score of the Patient and Observer Scar Assessment Scale. However, the intraclass 

correlation coefficient of the total scores was excellent, and Streiner and Norman 

have already stated that “differential weighting of items is rarely worth the trouble.”22 

Moreover, the “weight” of a parameter will differ per study. Therefore, it seems rather 

impractical to imply a weighting formula to obtain a total score.

For the Patient and Observer Scar Assessment Scale, all items were evaluated on 

numerical rating scale ranging from 1 to 10. The wideness of the scale (range, 1 to 10) 

allows a greater subjective description of the individual scars than when a small scale 

is used. On the other hand, it has been stated that it may lead to a decrease in the 

interrater reliability.13 However, evaluation of the Patient and Observer Scar Assessment 

Scale demonstrated that it is suitable for linear scars as well as for burns scars in its 

present form. In addition, continuous scales (e.g., the visual analogue scale) may be 

used instead of a numerical rating scale. We preferred the more practical numerical 

rating scale, because we believe that it contributed to the feasibility and suitability of 

the scale without counteracting required statistical procedures.23,24

The data show that the Patient and Observer Scar Assessment Scale can be used 

reliably even by inexperienced observers, because the three raters of this study had 

no experience in scar assessment. This finding corresponds to the conclusion of Smith 

et al., who showed that the interrater agreement was not substantially influenced by 

subgroup affinity.25 By following the instructions for the scales, the observer scale is 

accessible and useful for a wide range of (para-)medical personnel.

CONCLUSIONS

In this study, we have shown that both the observers and the patients use the Patient and 
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Observer Scar Assessment Scale reliably for the rating of linear scars with good internal 

consistency and agreement. This makes the Patient and Observer Scar Assessment 

Scale suitable as a subjective scar evaluation tool.
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ABSTRACT

BACKGROUND

There is no consensus on the best way to treat keloids, because adequate studies on 

this subject are sparse. Surgical excision in combination with radiotherapy is considered 

the most efficacious treatment available in severe keloids following the International 

Clinical Recommendations on Scar Management. Unfortunately, the recommendations 

are mainly based on retrospective studies that do not define recurrence.

METHODS

The authors evaluated the recurrence rate of therapy-resistant keloids treated with 

excision followed by radiotherapy (1200 cGy in three or four fractions). The minimum 

follow-up period was 12 months. The therapeutic outcome was judged as recurrence 

(elevation of the lesion not confined to the original wound area) or nonrecurrence. An 

evaluation of the outcome of the scars was obtained by using the Patient and Observer 

Scar Assessment Scale. 

RESULTS

Twenty-one patients with 32 keloids were evaluated. The recurrence rate was 71.9 

percent after a mean follow-up period of 19 months.

CONCLUSIONS

This high recurrence rate suggests that radiotherapy might be less efficacious than 

suggested by other studies. On the basis of the authors’ results, surgical excision 

combined with radiotherapy should be reserved as a last resort in the treatment of 

therapy-resistant keloids. (Plast. Reconstr. Surg. 119: 2248, 2007.)
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Keloids are commonly encountered in plastic surgical practice and have proven to be

very resistant to treatment. The classic feature of a keloid is that the scar tissue 

progressively invades the surrounding normal skin, in contrast to hypertrophic scars 

that stay confined to the original wound area.1 Patients with keloid scars typically 

experience major discomfort, such as itching, aching, and cosmetic disfigurement.2,3 

Many different treatment regimens have been used in the past, but the reported 

results are inconsistent and sometimes even contradictory.2,4–9 Surgical excision in 

combination with radiotherapy is considered to be the most efficacious treatment 

available for severe keloids, according to the international clinical recommendations 

on scar management.10 We conducted a clinical outcome study to evaluate the results 

of such a standardized treatment protocol. Extralesional surgical excision combined 

with immediate radiotherapy was performed in patients with therapy-resistant keloids

and evaluated by the keloid recurrence rate as the clinical outcome measure.

In addition, the scars were evaluated with the Patient and Observer Scar Assessment 

Scale at the end of the follow-up period.11,12 The Patient and Observer Scar Assessment 

Scale is a recently developed scar scale that consists of both an observer scale 

(completed by the doctor) and a patient scale (completed by the patient). This scale 

not only has been found to be reliable for scar evaluation but is also the only available 

scale that includes the opinion of the patient in assessing important clinical features of 

keloid formation such as pain, itching, and cosmetic discomfort.11,12 Finally, we present 

a concise review of all clinical outcome studies that include external radiotherapy in 

the keloid treatment protocol, and compare their results to ours.

PATIENTS AND METHODS

Patients with a keloid who presented at the outpatient clinic of the Department of 

Plastic and Reconstructive Surgery at the Academic Medical Centre in Amsterdam were 

included in the study according to the following criteria: (1) a keloid was considered 

a scar that had to be elevated and extended beyond the dimensions of the initiating 

injury site or lesion13 (Fig. 1); (2) the keloid had been resistant to previous treatment, 

such as intralesional corticosteroid injection, pressure therapy, excision, laser therapy, 

or a combination of these therapies; (3) complete extralesional surgical excision in 

one session with primary closure of the defect without skin grafts or transposition was 

planned; and (4) patients were older than 16 years, not pregnant, and did not have a 

keloid located close to the thyroid gland or the female breast, as these patients were 

considered unsuitable for adjuvant radiotherapy. All included patients consented to 

the treatment protocol and the requirement that they had to return for final follow-up 
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after a minimum of 12 months. Patients were excluded from the study if they failed to 

comply with the treatment protocol or when independent histologic analysis of the 

surgically excised specimen revealed another diagnosis than keloid scar tissue. The 

scar was histologically diagnosed as keloid when a marked dominance of relatively 

thick, glassy collagen bundles was haphazardly oriented throughout the scar.

SURGICAL TREATMENT

All keloids were excised extralesionally under local anesthesia (Xylocaine 1% with 

Adrenalin 1:100,000; AstraZeneca, Sweden) and closed primarily with subcutaneous 

absorbable sutures to release the tension (Vicryl polyglactin 910; Ethicon, Inc., Somerville, 

N.J.) and nonabsorbable sutures transcutaneously to close the wound (Ethilon nylon; 

Ethicon). Defects located on the ear were closed using only transcutaneous Ethilon 

sutures. All excised keloids were sent out for independent histologic examination to 

confirm the diagnosis. The skin sutures were removed after 14 days.

RADIOTHERAPY

Adjuvant postoperative radiotherapy was started in all patients within 24 hours after 

the surgical excision. Superficial 250-kV electron beam irradiation at a 25- or 50-cm 

source-to-skin distance using a 1-mm copper filter was used. The standardized total 

dose was 1200 cGy, administered in either three or four fractions at equally consecutive 

postoperative days.

FOLLOW-UP

A minimum follow-up period of 12 months was required. Nonrecurrence or a recurrence 

of the keloid was used as the clinical outcome measure of this study. A recurrence was 

defined as an elevation of the scar, extending beyond the original surgical field (Fig. 2). 

Alternatively, a nonrecurrence was considered to be a scar without any signs of such 

elevation and extension, although slight hypertrophic scarring might be present (Fig. 1).

Subjective scar evaluation was performed at follow-up by the patient and the physician 

using the Patient and Observer Scar Assessment Scale as a descriptive measure to record 

the postoperative scar.11,12 Both the patient scale and the observer scale contain six items 

that are scored numerically on a scale from 1 to 10, where 1 indicates “resembling normal 

skin” and 10 indicates the “worst scar imaginable.” For the observer, these items are vas-

cularization, pigmentation, thickness, relief, pliability, and surface area. The patients score 

pain, itching, color, stiffness, thickness, and irregularity. This scale has proven to be a 

reliable and suitable scale for scar assessment.11,12 The patients were also asked about 

whether they found the appearance of the scar better, the same, or worse after the 

treatment, and whether or not they considered the treatment to be successful.
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Figure 1. A patient with a therapy-resistant keloid formation on the posterior aspect of the earlobe 

in the preoperative situation (left) and 25 months after surgical excision plus adjuvant irradiation 

(right). No recurrence of the keloid formation was found.

Figure 2. A patient with therapy-resistant keloids on the left shoulder in the preoperative situation 

(left). The posterior chain of three keloids was treated with surgical excision plus adjuvant 

irradiation. After 31 months (right), the full recurrence of keloid formation has even expanded 

beyond the borders of the preoperative situation.
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RESULTS

Between 2000 and 2002, 34 patients with 46 keloids were included in the study. 

Nine patients with 10 keloids were unavailable for follow-up and therefore excluded. 

Histologic keloid confirmation failed to occur in four of the remaining 36 excised 

keloids. These were also excluded from the study. Twenty-one patients with a total of 

32 keloids were left available for follow-up. Patient characteristics and a classification 

of their keloids according to location are shown in Table 1. Many initiating events for 

keloid formation were reported, but most keloids appeared to be caused by a trauma 

such as ear piercing or shaving. The mean follow-up period was 19 ± 8.2 months, with 

a minimum of 12 months and a maximum of 35 months. The mean age of the keloids 

before treat-ment was 7.5 ± 6.2 years (range, 1 to 31 years). The mean age of the 

patients was 36 years (range, 18 to 62 years).

Table 1. Patient Characteristics

No. of Patients No. of Keloids

Sex

Male 7 11

Female 14 21

Race

White 2 3

Black 18 27

Arabic 1 3

Cause

Surgery 7

Trauma 19

Infection 3

Idiopathic 3

Of the total of 32 keloids, 23 had recurred at follow-up (71.9 percent). When the 

typical location of a keloid at the earlobes was evaluated as a separate group (n 17), a 

recurrence rate of 59 percent was found (n 10). Recurrences for the other locations are 

reported in Table 2. Ten patients with a recurrence (43 percent) thought that the new 

keloid had a better appearance. In contrast, 11 patients (48 percent) judged their keloid 

recurrence as worse than before treatment. Finally, two patients (9 percent) thought 

their new keloid looked the same as the one before treatment. Overall, 69 percent 

of the complete group of patients stated that they found the treatment worthwhile, 

whereas 22 percent found the treatment not worthwhile and 9 percent remained 

neutral.
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Table 2. Keloid Location and Recurrence

Recurrence

Location Total No. No. %

Ear 17 10 59

Chin 2 2 100

Neck 3 2 67

Shoulder 3 3 100

Sternum 4 4 100

Abdomen 3 2 67

Total 32 23 72

The scar evaluation using the Patient and Observer Scar Assessment Scale showed 

that both the observer and the patient scored fairly high on the keloids after treatment 

(the higher the score, the less the scar resembles normal skin (Table 3). The observer 

scored the highest values for surface area, pigmentation, and thickness. The patient 

experienced irregularity, thickness, and stiffness as the most disturbing properties of 

the scar. The patient scored a slightly higher overall value for the scar than the observer, 

and the total score of the patient was also higher than the observer’s total score.

The only complication seen in our group of patients was a mild wound-healing 

disturbance in one case. Radiotherapy caused various mild side effects such as 

hyperpigmentation, hypopigmentation, erythema, and nausea. No serious side effects 

were reported during the course of this study.

Table 3. Postoperative Results of the Patient and Observer Scar Assessment Scales*

Patient Scale Observer Scale

Item No.
Mean 
Score SD Item No.

Mean 
Score SD

Pain 32 3.69 3.43 Vascularization 32 2.38 1.60

Itching 32 5.09 3.75 Pigmentation 32 4.88 2.47

Color 32 4.31 3.00 Thickness 32 5.03 2.54

Stiffness 32 5.41 3.20 Relief 32 4.13 2.17

Thickness 32 5.34 3.24 Pliability 32 3.84 2.07

Irregularity 32 5.53 3.13 Surface area 32 5.06 2.80

Total score (maximum = 60) 32 29.56 15.89 Total score (maximum = 60) 32 25.34 11.19

Overall impression 32 5.91 3.29 Overall impression 32 5.50 2.59

*Score 1–10, with 1 = resembling normal skin and 10 = worst scar imaginable.
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DISCUSSION

In this clinical outcome study, an evaluation of attempted keloid suppression was 

carried out. Keloids were excised and treated with 1200 Gy of irradiation that started 

within the first 24 hours after surgery. There is no consensus as to the optimal 

treatment for keloids. Part of this controversy arises from the many isolated studies 

on keloid treatment. Most of the studies have significant variations in methodology, 

making it difficult to compare results (Table 4). Many studies are retrospective. This 

means that the treatment is not standardized and the inclusion and exclusion criteria 

are set afterward and are thus subjective to bias. Nevertheless, the number of keloid 

recurrences found in our study was higher than the recurrence rates in most other 

reported series.

As in our study, most studies treated keloids on various locations, although some of 

them studied only a single location, such as the earlobe14,15 or the sternum.4 Some 

authors claimed no difference in prognosis based on location,16,17 but others did 

notice such clinically significant differences.13,18,19 Combining the results of treatment 

of keloids at different locations introduced a possible confounding variable into our 

study. The subgroups of the different keloid locations in this study were too small for 

separate conclusive evaluation, although it seemed that keloids over the sternum and 

the shoulder had a higher tendency to recur. This tendency has been reported before 

and explained by the greater tension in these areas.20

Some studies either did not discriminate between a keloid and a hypertrophic scar, 

or hypertrophic scars were included in the study.5,19,21,22 It seems plausible that these 

studies claimed better results, because hypertrophic scars have the tendency to 

regress spontaneously after a couple of months.3 Cosman13 noted a marked difference 

between the recurrence rate of lesions diagnosed as scars without histologic 

confirmation and the recurrence rate of lesions diagnosed conclusively as keloid tissue 

by the pathologist. In many studies, the diagnosis of keloid was not, or not in every 

case, histologically confirmed.6,7,16,18,23–26 Some authors did not describe whether or not 

they performed histologic tissue analysis.2,27 The probability that hypertrophic scars 

were included in their studies is high because the clinical distinction between keloids 

and hypertrophic scars is very difficult. The clinical diagnosis of all keloids included in 

our study was histologically confirmed after excision.

There is great variation in the follow-up period among the different studies (range, 2 

months to 2 years) (Table 4). Some authors did not even report their minimum follow-

up period.2,22,27 Many recommended a minimum follow-up period of 1 year,13,14,17,25 
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whereas others postulated that 2 years’ follow-up is necessary for reliable results.16,28 

It has been reported that only half of the keloid recurrences develop within the first 6 

months.27 This might explain why studies with a follow-up of less than 1 year report a 

higher success rate of treatment.7,8,18,21,23

Kovalic and Perez16 concluded that patients who had received previous treatment for 

their keloids had a statistically significantly poorer prognosis than patients for whom 

radiotherapy was the first treatment. Many studies did not mention whether excision 

combined with radiotherapy was the first treatment.4-6,8,13,17,18,22–25,27 Other studies included 

both keloids with and without previous treatment.9,14-16,19,21,28 In our study, all keloids 

were initially treated conservatively or by surgical excision combined with pressure 

therapy, intralesional steroid injections, or laser therapy. Only patients with keloids that 

proved resistant to such treatment were included in our study. This is another possible 

explanation for the high recurrence rate of the keloids treated in our patients.

Many authors failed to define how they considered their results to be either a success 

or a recurrence.4,7-9,15,16,21,23,25,27 We feel that such lack of definition for the most important 

outcome measure renders the conclusions drawn from those studies to be of little 

value. Furthermore, the definition of a keloid recurrence appears to be a contradictory 

issue in other studies. Some authors considered any abnormality of wound healing 

as a recurrence,2,14 whereas others28 used Cosman’s criteria13 (a growing, nodular, 

pruritic scar is considered a recurrence, whereas a flat, nonpruritic scar indicates 

nonrecurrence) or designed their own scale.5,8,18,24 In our study, we set strict defini-

tions to discriminate between recurrence and nonrecurrence. Although we only used 

the Patient and Observer Scar Assessment Scale postoperatively, we feel that this 

recently introduced scale also provides a reliable tool for longitudinal evaluative scar 

assessment and for an improved quality of comparison between different studies that 

use comparable assessment tools.11,12

All reviewed studies used a different external radiotherapy protocol. It seems that there 

is no universally accepted optimal radiation dose, fractionation schedule, or timing 

with respect to surgical procedures.26 Like our protocol of 1200 cGy of fractionated 

irradiation, most studies used a multifractionated dose of 1000 to 1600 cGy immediately 

after surgery. Other studies used a protocol with a delayed onset of radiotherapy.6,16,18 

The importance of this timing of radiotherapy with respect to surgical excision has 

been emphasized by some authors.5,21,23 In contrast, it is also claimed that there is no 

correlation between timing of radiotherapy and keloid recurrence.24 The optimal dosage 

schedule appears to be an additional contradictory issue. Some authors feel that total 

dosage is more important than fractionation,25 and higher doses have been reported 
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to lower the recurrence rate. It is also reported that there is no need for fractionation 

at all.23,28 There is no generally accepted surgical protocol for keloid excision. Keloids 

were excised extralesionally2,4,14,19,26 and intralesionally17 and, again, many studies did not 

even describe the method of keloid excision.16,21,23,24,28 Different techniques of wound 

closure were used. Skin grafts,4,17,28 healing by secondary intention,28 and Z-plasties2,9 

were used as alternatives to primary closure as in our protocol.

CONCLUSIONS

On the basis of the previous discussion, it is clear that there is no consensus as to the 

optimal treatment of keloids. The treatment modality of surgical excision followed by 

postoperative radiotherapy provides reasonably good results in the reviewed literature. 

However, the methods used were too different for us to perform a valid comparison 

among the studies.

According to the results of our study, 28 percent of the patients with therapy-resistant 

keloids will be treated successfully using our protocol. However, our results are 

disappointing compared with most other studies (Table 4). This can be explained partly 

by the long follow-up and, in particular, by the strict inclusion criteria of the design of 

our study.

On the basis of our results and despite the fact that we did not encounter serious 

adverse effects of radiotherapy, we are reluctant to advocate wide-spread use of this 

possibly malignant treatment for a benign disorder. Until proof is provided otherwise, 

we feel that surgical excision combined with immediate radiotherapy should be 

preserved as a last resort in the treatment of therapy-resistant keloids.

Mick Kreulen, M.D., Ph.D.

Department of Plastic, Reconstructive, and Hand Surgery

Academic Medical Center

P.O. Box 22660

1100 DD Amsterdam, The Netherlands

mkreulen@xs4all.nl

DISCLOSURES

None of the authors has any commercial or financial incentive associated with the 

publication of this article. No party that could have a direct interest in the results of the 

research supporting this article has or will confer a benefit on the authors or on any 

organization with which the authors are associated.

51

3

THE RESULTS OF SURGICAL EXCISION AND ADJUVANT IRRADIATION FOR THERAPY-RESISTANT KELOIDS



REFERENCES

1. Muir, I. F. On the nature of keloid and 

hypertrophic scars. Br. J. Plast. Surg. 43: 61, 

1990.

2. Ogawa, R., Mitsuhashi, K., Hyakusoku, H., 

and Miyashita, T. Postoperative electron-

beam irradiation therapy for keloids and 

hypertrophic scars: Retrospective study 

of 147 cases followed for more than 18 

months. Plast. Reconstr. Surg. 111: 547, 

2003.

3. Urioste, S. S., Arndt, K. A., and Dover, J. S. 

Keloids and hypertrophic scars: Review and 

treatment strategies. Semin. Cutan. Med. 

Surg. 18: 159, 1999.

4. Ship, A. G., Weiss, P. R., Mincer, F. R., and 

Wolkstein, W. Sternal keloids: Successful 

treatment employing surgery and 

adjunctive radiation. Ann. Plast. Surg. 31: 

481, 1993.

5. Levy, D. S., Salter, M. M., and Roth, R. E. 

Postoperative irradiation in the prevention 

of keloids. A.J.R. Am. J. Roent-genol. 127: 

509, 1976.

6. Inalsingh, C. H. An experience in treating 

five hundred and one patients with keloids. 

Johns Hopkins Med. J. 134: 284, 1974.

7. Ashbell, T. S. Prevention and treatment of 

earlobe keloids. Ann. Plast. Surg. 9: 264, 

1982.

8. Hintz, B. L. Radiotherapy for keloid 

treatment. J. Natl. Med. Assoc. 65: 71, 1973.

9. Craig, R. D., and Pearson, D. Early post-

operative irradiation in the treatment of 

keloid scars. Br. J. Plast. Surg. 18: 369, 1965.

10. Mustoe, T. A., Cooter, R. D., Gold, M. H., et 

al. International clinical recommendations 

on scar management. Plast. Re-constr.  

 

 

Surg. 110: 560, 2002.

11. Draaijers, L. J., Tempelman, F. R., Botman, 

Y. A., et al. The patient and observer scar 

assessment scale: A reliable and feasible 

tool for scar evaluation. Plast. Reconstr. 

Surg. 113:1960, 2004.

12. van de Kar, A. L., Corion, L. U. M. C., 

Smeulders, M. J. C., Draaijers, L. J., van der 

Horst, C. M. A. M., and van Zuijlen, P. M. 

The Patient and Observer Scar Assessment 

Scale (POSAS): A reliable and feasible tool 

for the evaluation of linear scars. Plast. 

Reconstr. Surg. 116: 514, 2005.

13. Cosman, B. The surgical treatment of 

keloids. Plast. Reconstr. Surg. 27: 335, 1961.

14. Sclafani, A. P., Gordon, L., Chadha, M., 

and Romo, T., III. Prevention of earlobe 

keloid recurrence with postoperative 

corticosteroid injections versus radiation 

therapy: A random-ized, prospective study 

and review of the literature. Dermatol. Surg. 

22: 569, 1996.

15. Chaudhry, M. R., Akhtar, S., Duvalsaint, 

F., Garner, L., and Lucente, F. E. Ear lobe 

keloids, surgical excision followed by 

radiation therapy: A 10-year experience. 

Ear Nose Throat J. 73: 779, 1994.

16. Kovalic, J. J., and Perez, C. A. Radiation 

therapy following keloidectomy: A 20-year 

experience. Int. J. Radiat. Oncol. Biol. Phys. 

17: 77, 1989.

17. Ollstein, R. N., Siegel, H. W., Gillooley, J. 

F., and Barsa, J. M. Treatment of keloids by 

combined surgical excision and immediate 

postoperative X-ray therapy. Ann. Plast. 

Surg. 7: 281, 1981.

18. Enhamre, A., and Hammar, H. Treatment 

52

3



of keloids with excision and postoperative 

X-ray irradiation. Dermatologica 167: 90, 

1983.

19. Sallstrom, K. O., Larson, O., Heden, P., 

Eriksson, G., Glas, J. E., and Ringborg, U. 

Treatment of keloids with surgical excision 

and postoperative X-ray radiation. Scand. 

J. Plast. Reconstr. Surg. Hand Surg. 23: 211, 

1989.

20. Garg, M. K., Weiss, P., Sharma, A. K., et al. 

Adjuvant high dose rate brachytherapy (Ir-

192) in the management of keloids which 

have recurred after surgical excision and 

external radiation. Radiother. Oncol. 73: 

233, 2004.

21. Lo, T. C., Seckel, B. R., Salzman, F. A., and 

Wright, K. A. Single-dose electron beam 

irradiation in treatment and pre-vention of 

keloids and hypertrophic scars. Radiother. 

Oncol. 19: 267, 1990.

22. Brown, J. R., and Bromberg, J. H. 

Preliminary studies on the effect of time-

dose patterns in the treatment of keloids. 

Ra-diology 80: 298, 1963.

23. Edsmyr, F., Larson, L. G., Onyango, J., 

Wanguru, S., and Wood, M. Radiotherapy in 

the treatment of keloids in East Africa. East 

Afr. Med. J. 50: 457, 1973.

24. Borok, T. L., Bray, M., Sinclair, I., Plafker, J., 

LaBirth, L., and Rollins, C. Role of ionizing 

irradiation for 393 keloids. Int. J. Radiat. 

Oncol. Biol. Phys. 15: 865, 1988.

25. Doornbos, J. F., Stoffel, T. J., Hass, A. C., et 

al. The role of kilovoltage irradiation in the 

treatment of keloids. Int. J. Radiat. Oncol. 

Biol. Phys. 18: 833, 1990.

26. Ragoowansi, R., Cornes, P. G., Moss, A. 

L., and Glees, J. P. Treatment of keloids 

by surgical excision and immediate 

postoperative single-fraction radiotherapy. 

Plast. Reconstr. Surg. 111: 1853, 2003.

27. Wagner, W., Alfrink, M., Micke, O., Schafer, 

U., Schuller, P., and Willich, N. Results of 

prophylactic irradiation in patients with 

resected keloids: A retrospective analysis. 

Acta Oncol. 39: 217, 2000.

28. Norris, J. E. Superficial x-ray therapy in 

keloid management: A retrospective study 

of 24 cases and literature review. Plast. 

Reconstr. Surg. 95: 1051, 1995.

53

3

THE RESULTS OF SURGICAL EXCISION AND ADJUVANT IRRADIATION FOR THERAPY-RESISTANT KELOIDS





4

Keloids in Rubinstein-Taybi 

syndrome: a clinical study

A.L. van de Kar

G, Houge

A.C. Shaw

D. De Jong

M.J. van Belzen

D.J.M. Peters,

R.C.M. Hennekam

Br J Dermatol. 2014 Sep:171(3):615-21

55



ABSTRACT

BACKGROUND 

Rubinstein–Taybi syndrome (RSTS) is a multiple congenital anomalies– intellectual 

disability syndrome. One of the complications is keloid formation. Keloids are 

proliferative fibrous growths resulting from excessive tissue response to skin trauma.

OBJECTIVES 

To describe the clinical characteristics of keloids in individuals with RSTS reported in 

the literature and in a cohort of personally evaluated individuals with RSTS.

PATIENTS AND METHODS 

We performed a literature search for descriptions of RSTS individuals with keloids. All 

known individuals with RSTS in the Netherlands filled out three dedicated questionnaires. 

All individuals with (possible) keloids were personally evaluated. A further series of 

individuals with RSTS from the U.K. was personally evaluated.

RESULTS 

Reliable data were available for 62 of the 83 Dutch individuals with RSTS and showed 

15 individuals with RSTS (24%) to have keloids. The 15 Dutch and 12 U.K. individuals 

with RSTS with keloids demonstrated that most patients have multiple keloids  

(n > 1: 82%; n > 5: 30%). Mean age of onset is 11•9 years. The majority of keloids are 

located on the shoulders and chest. The mean length × width of the largest keloid was 

7• 1 × 2• 8 cm, and the mean thickness was 0•7 cm. All affected individuals complained 

of itching. Generally, treatment results were disappointing.

CONCLUSIONS 

Keloids occur in 24% of individuals with RSTS, either spontaneously or after a minor 

trauma, usually starting in early puberty. Management schedules have disappointing 

results. RSTS is a Mendelian disorder with a known molecular basis, and offers excellent 

opportunities to study the pathogenesis of keloids in general and to search for possible 

treatments.

WHAT’S ALREADY KNOWN ABOUT THIS TOPIC?

• Individuals with Rubinstein–Taybi syndrome (RSTS) have an increased likelihood 

of developing keloid scars.

• RSTS is caused by mutations in the histone acetyltransferase genes, CREBBP or 

EP300.

• Keloids are proliferative fibrous growths and can cause extensive itching.

56

4



Rubinstein–Taybi syndrome (RSTS) is a multiple congenital anomalies–intellectual 

disability syndrome, characterized by broad thumbs and big toes, characteristic face, 

growth retardation and intellectual disability of variable degree. The syndrome has been 

observed in all ethnic groups. The birth prevalence is one in 100 000–125 000.1,2 RSTS 

is almost always a de novo occurring entity. Ten percent of individuals with RSTS have 

a microdeletion affecting chromosome band 16p13.3, in which the gene coding for 

cAMP response element-binding protein (CREB)-binding protein, CREBBP, is located; 

50% carry a mutation in CREBBP itself and another 3% have a mutation in the gene 

coding for E1A-binding protein, EP300, located at chromosomal subdomain 22q13.2.2 

In the remaining individuals with RSTS no mutation can be detected despite a classical 

phenotype.

Individuals with RSTS have an increased lifetime risk of complications like glaucoma, 

visual problems and other ocular anomalies and behavioural problems.3–5 They also 

have an increased risk of malignancies like leukaemia, neuroblastoma and meningioma.6 

These malignancies develop either in the first years of life or in midadulthood (30–45 

years).

Another feature of RSTS is the development of keloids. The keloids occur either 

spontaneously or after relatively minor trauma. The keloids cause itching to a degree 

that may have a significant negative impact on life quality.7 The frequency of keloid 

formation in RSTS is not well known and estimates vary from 5% to 57%.5,6,8–13 One aim 

of the present study was to evaluate keloid formation in RSTS by performing a literature 

study of all publications describing individuals with RSTS with keloid formation. To obtain 

data on keloid prevalence, all RSTS individuals from a single country (the Netherlands) 

were evaluated. Finally, data from a similarly evaluated group of individuals with RSTS 

from the U.K. were added to obtain data of a sufficiently large group of individuals with 

RSTS who had keloids. Together, the studies provide clinical data from 27 individuals 

with RSTS with keloids.

WHAT DOES THIS STUDY ADD?

• This study found that 24% of individuals with RSTS from a single country develop 

keloids.

• We describe age of onset, site, natural clinical course and reaction to various 

medical treatment schedules.

• RSTS is the most common Mendelian disorder in which keloids occur with a 

high frequency.Keloids are proliferative fibrous growths and can cause extensive 

itching.
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PATIENTS AND METHODS

LITERATURE

We performed a systematic literature search in PubMed allowing publications published 

between 1963 and 1 June 2013. The medical subject heading terms used were: 

‘Rubinstein–Taybi syndrome’ together with ‘keloid’, ‘scar’ or ‘itching’. We accepted as 

languages Dutch, English, French, German, Portuguese and Spanish. No other limits 

were used. Reference lists of articles identified as relevant were examined for other 

potentially relevant articles.

PATIENTS

The families of all individuals with RSTS known to the support group in the Netherlands 

were invited to participate. In addition to these, the families of other individuals with RSTS 

who were known to the senior author (R.C.M.H.) but not known to the support group 

were contacted and invited. The parents or other legal representatives of individuals 

with RSTS who consented were sent questionnaires (see below). All individuals with 

RSTS who had keloids or possible keloids were personally evaluated by one of us. The 

diagnosis of RSTS was confirmed clinically for both the U.K. and Dutch patients by the 

senior author (R.C.M.H.), who has exceptional experience with RSTS.

QUESTIONNAIRE STUDY

The parents or legal representatives of all participating individuals with RSTS were 

sent three questionnaires: (i) a general questionnaire on the medical history, family 

history, signs and symptoms that are characteristic for RSTS, and on the investigations 

to detect the cause of RSTS; (ii) a questionnaire dedicated to keloid formation; and (iii) 

a questionnaire dedicated to itching (see Supporting Information). All questionnaires 

were developed specifically for this study. The itching questionnaire was adapted from 

previously published questionnaires.14–16

CLINICAL EVALUATIONS

All individuals with RSTS who possibly had keloids were invited to visit our clinic. If 

this was impractical, individuals were evaluated at home or during a meeting of the 

patient support group. Results from the questionnaires were discussed during the 

personal evaluation, and additional questions were asked in cases of ambiguity. Clinical 

investigations consisted of general physical examination and a specific evaluation of 

keloids using the standardized Patient and Observer Scar Assessment Scale.17 The three 

dimensions of each keloid were measured with a ruler. Standardized photographs were 

taken of the keloid(s).
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The data were analysed with SPSS (IBM, Armonk, NY, U.S.A.). The study was approved by 

the Medical Ethics Committee of the Academic Medical Center in Amsterdam. Written 

consent was obtained from parents or other legal representatives of all study participants.

RESULTS

LITERATURE

In performing a literature search, we were able to detect 37 patients with RSTS who 

had keloids.6,8,10–13,18–23 For the patient characteristics see Table 1. In the available case 

reports, the authors provided very limited information about the keloid management. 

Siraganian et al. suggested a possible relationship between keloid formation and 

neoplasms in RSTS.6 In a study group of 574 individuals with RSTS, they found 28 

individuals who had keloids and 19 who had a neoplasm. Four individuals had both, 

pointing to a 21% risk for someone with RSTS, as well as cancer, to develop keloids 

compared with a 4% risk for those without cancer. As numbers were small, the study 

did not allow firm conclusions to be drawn.

As the description of literature cases was very frequently limited and often incomplete, 

we refrained from comparing the cases in the literature with the patients who 

participated in our study.

Table 1. Overview of 37 individuals with Rubinstein–Taybi syndrome with keloids described in the 

literature

Sex 21 men/16 women

Mean age of onset (years) 20•4

Cause

Spontaneous 10

After surgery 10

After vaccination 4

Other 17

Location

Chest 18

Shoulders 8

Upper arms 12

Back 8

Number of keloids

Single 6

Multiple 31

Ethnicity

African 2

White 35
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QUESTIONNAIRES

Questionnaires and clinical evaluations were conducted in 15 patients with RSTS from 

the Netherlands and 12 from the U.K. General demographic data are provided in Table 

2, and general characteristics fitting RSTS, including genetic data, are provided in Table 

3 and illustrated in Figure 1. 

Table 2. General characteristics of 27 individuals with Rubinstein-Taybi syndrome who had keloids

Total The Netherlands U.K.

(n = 27) (n = 15) (n = 12)

Sex, n (%)

Men 13 (48) 7 6

Women 14 (52) 8 6

Deceased, n (%) 5 (20) 5 0

Mean age (years) 33•0 38•5 27•0

Ethnicity, n (%)

White 25 (93) 15 10

Asian 2 (7) 0 2

African 0 (0) 0 0

Mixed 0 (0) 0 0

Table 3. Characteristics of Rubinstein–Taybi syndrome (RSTS) in 27 individuals with RSTS who had 

keloids

Somatic manifestations n (%)

Broad thumbs 29 (96)

Deviated thumbs 12 (44)

Broad big toe 25 (93)

Deviated big toe 9 (33)

Extra fingers/toes 4 (16)

Heart malformation 9 (36)

Kidney malformation 5 (20)

Undescended testes 9 (36)

Eye condition 18 (67)

Supple joints 17 (63)

Deviations palate 14 (56)

Deviations teeth 14 (56)

Haemangioma 8 (32)

Excessive hair 14 (56)

Cognition

Intellectual disability 27 (100)

Genetic analyses

CREBBP mutations 14 (50)

Microdeletion #16p13.3 2 (7)

Not performeda 7 (28)

No information 4 (15)

aNeither CREBBP nor EP300 were evaluated.
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Results of molecular studies were available in all Dutch patients with RSTS. For patients 

from the U.K. with RSTS, these data were available in five individuals. Spontaneous 

keloids did not occur in family members of individuals with RSTS. Only one family 

member developed a keloid scar. Data about complaints resulting from the keloids 

(including itching) are provided in Table 4. Of the patients who complained of itching, 

21% stated they continuously had feelings of itching, which were described as stinging, 

stabbing, burning, annoying and unbearable. The itching was almost exclusively located 

at the sites of their keloids. Itching did not precede keloid formation. The itching 

influenced the behaviour of affected individuals repeatedly, giving rise to feelings of 

depression, agitation, anxiety or decreased concentration.

Figure 1. Characteristic face and distal limbs of an individual with Rubinstein–Taybi syndrome.

Table 4. Complaints associated with keloids in 27 individuals with Rubinstein–Taybi syndrome

Complaint n (%)

Itching 24 (89)

Pain 5 (19)

Restriction in movements 2 (7)

Infection 4 (15)

Difficulties falling asleep 7 (27)

Waking up during the night 3 (11)

Differences in behaviour 10 (37)

CLINICAL EVALUATIONS

The major characteristics of the keloids are provided in Table 5. The localizations 

are depicted in Figure 2. Examples of the keloid formation in the present group are 

available in Figure 3. Only five patients had a single keloid, all the others had several. 

We found no differences in general or RSTS manifestations between patients with a 

single keloid and those with several keloids. Most keloids are located in the sternal 

61

4

KELOIDS IN RUBINSTEIN-TAYBI SYNDROME



(63%) and the shoulder (41%) areas. Treatment results were usually disappointing, but 

in two individuals itching was reduced to a limited extend. Treatment had no effect 

on keloid growth. Several biopsies representative of keloid lesions were evaluated 

by a single pathologist (D.d.J.). These showed a normal, nonatrophic epidermis, and 

extensive deposition of randomly and horizontally oriented broad, acellular, hyalinized 

collagen bands extending from upper reticular dermis into the subcutaneous fat. In 

the periphery of the lesions, the presence of more cellular components with fibroblast 

and histiocyte proliferations varied. No prominent vertical vascular proliferations were 

seen, which further distinguished these lesions from hypertrophic scars.

Table 5. Characteristics of keloids in 27 individuals with Rubinstein– Taybi syndrome

Age at first keloid (years)

11•9Mean

Median 15•4

Number of keloids

1 5 (18%)

1–5 14 (52%)

> 5 8 (30%)

Cause

Surgery 13

Spontaneous 8

Trauma 2

Other 4

Size of largest keloid

7•1 (2–20) 9 × 2•8 (1•5–20) cmLength × width (range)

Thickness (range) 0•7 (0•4 –1•2) cm

Locations (> 1 keloid)

Sternal 17

Shoulders 11

Lower back 6

Upper arm 8

Leg 6

Lower jawline 1

Treatment 8 patients, 11 keloids

Steroid injection 4

Lotion 5

Laser therapy 1

Pressure therapy 1
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Figure 2. Schematic representation of the distribution of keloids over the total body in 27 

individuals with Rubinstein–Taybi syndrome.

Figure 3. Examples of keloid formation in the presented individuals with Rubinstein–Taybi 

syndrome. All developed apparently spontaneously except upper row panel right (after surgery for 

fracture) and lower row panel 4 (after scoliosis surgery).

63

4

KELOIDS IN RUBINSTEIN-TAYBI SYNDROME



DISCUSSION

Keloids are proliferative fibrous growths of the skin that result from an excessive 

tissue response to trauma. Sometimes such traumas are minimal or unnoticed (i.e. 

constituting a potential cause of spontaneous keloid formation). Keloids are unique to 

humans.24 They grow continuously and invasively beyond the confines of the original 

wound, in contrast to hypertrophic scars, which stay within the boundaries of the 

original wound and after a period of continuous growth, slowly regress. Histologically, 

keloids contain type I and III collagen fibres, which lie in haphazardly connected loose 

sheets randomly oriented to the epithelial surface.25 The keloid-derived fibroblasts 

show excessive extracellular matrix production and proliferation, altered apoptosis, 

growth factor response and cytokine production.26 The management of keloid scars 

remains difficult and multiple treatments have been advocated with varying degrees 

of success and high recurrence rates.27 An International Advisory Panel has developed 

consensus guidelines.28

Keloids occur in all ethnic groups, but are more common in individuals of African and 

Asian descent. Individuals with dark skin have a 15 times higher chance of developing 

keloids compared with individuals who have light skin.29 Keloids occur most frequently 

in individuals aged 11–30 years. Puberty and pregnancy are known to be associated 

with an increased frequency of keloid development, which has been interpreted 

to be hormone related.30,31 In addition to skin trauma (surgery, insect bites, burns, 

piercings, vaccination, scratching), genetic predisposition plays a major role in keloid 

development.32,33 But even in individuals with a genetic predisposition to develop 

keloids, significant injury may or may not lead to keloid formation, so pathogenesis and 

means of prevention remain largely unknown. The evidence for genetic susceptibility to 

keloid formation is best demonstrated by its variable occurrence in various ethnicities 

and within families, and its prevalence in twins.34 A small number of congenital 

disorders also exhibit keloids as a feature. The most commonly associated syndromes 

are RSTS and Goeminne syndrome and, less frequently, Ehlers–Danlos syndrome 

type IV. Goeminne syndrome is characterized by marked keloid formation, congenital 

torticollis, naevi and varicosities starting in early puberty.35 The keloid formation starts 

in infancy, without evidence of preceding trauma, and spreads all over the body. 

Intelligence is normal. Only two families have been reported worldwide, the gene is 

unknown but it is likely to be an X-linked inherited disorder. RSTS is the only Mendelian 

entity of known cause in which keloid formation occurs with significant frequency. 

Studying keloids in individuals with RSTS may shed light on keloid pathogenesis in 

general, which motivated us to carry out the present study.
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The individuals with RSTS presented in this study are identical to individuals with RSTS in 

general with respect to phenotype, growth, development and molecular background.2 

They were all of white extraction, except two with an Asian ethnicity. None had an 

African background. There is no unusual ethnic distribution explaining the frequency 

of keloids.

The mean age of keloid onset in the present study group (11•9 years) is lower than the 

mean age in the general population (women 22•3 years; men 22•8 years).24 This can 

probably be explained by the increased likelihood of developing keloids in individuals 

with RSTS. Half of the patients with RSTS presented in this study developed keloids after 

surgery. Keloids developed in the other individuals with RSTS without known trauma 

(spontaneously) or after a minor trauma. No one in the study group had any piercings. 

Eighty-two per cent of RSTS individuals had more than one keloid. In individuals 

without RSTS, the occurrence of multiple keloids is strongly linked to a family history 

of keloids. In the present RSTS study group, only one relative reported a (single) keloid, 

again suggesting that RSTS is the main aetiological factor in keloid formation for this 

cohort.

In the general population, keloids occur more frequently on the chest, shoulders, 

upper back and ears.33 The ear is likely to be the most common site for developing 

keloids. There is no good explanation for this distribution over the body, except for 

the occurrence of keloids on the earlobes after piercings.33 In the present RSTS group, 

keloids were located mainly on the chest, shoulders and upper back. There were no 

keloids on the ears and, indeed, no individual with RSTS from this group had an ear 

piercing.

In the general population, the main problems patients experience in relation to keloids 

are the aesthetic disfigurement, impaired function owing to restricted skin and joint 

mobility, pain and itching.36 In the present RSTS study, itching was very common 

and significantly affected patients’ lives on a daily basis, sometimes leading to sleep 

problems. Pain and frequent infections were much less common. We evaluated 

whether itching also was frequent in RSTS individuals without keloids (n = 37) but this 

was not the case (data not shown). The results are in agreement with the opinion of the 

125 families with a child who has RSTS gathered at the Third RSTS World Conference 

(May 2011). When asked to indicate the most important issue for future research, they 

responded that the treatment of keloids in individuals with RSTS should obtain primary 

priority. Aesthetic appearance was only a minor concern for the patients and their 

families.
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The present RSTS study group received a limited number of treatments for their keloids. 

This is possibly related to the invasiveness of first-line therapy (recurrent painful 

injections), which is difficult to administer to patients with an intellectual disability. The 

few strategies that were followed had little effect.

RSTS is caused by mutations in CREBBP and EP300.2 Both genes are coactivators in 

the Sma and Mad-related protein/ Transforming growth factor-β signalling pathway, 

which has been suggested to play a key role in keloid development.37 Elucidating the 

mechanisms involved in keloid pathogenesis will form a basis for better therapy, and 

potentially highlight novel treatment strategies. RSTS is a well-recognized human 

developmental disorder with a 24% risk of keloid formation. As the molecular pathology 

is known in most cases, and established animal and in vitro molecular models exist, 

RSTS forms an excellent model to study aetiology and pathogenesis of keloids. Such 

studies have recently been initiated by the authors of this study.
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ABSTRACT

Frontometaphyseal dysplasia (FMD) is a distinctive sclerosing skeletal dysplasia 

associated with a number of non-skeletal manifestations including hearing loss, cardiac 

malformations, and stenosis, particularly of the upper airway and urinary tract. Some, but 

not all, patients have mutations in FLNA causing the condition. Consonant with the X 

chromosomal location of FLNA males are generally more severely affected than females. 

FLNA mutations can be detected in 82% of affected males. We describe seven patients 

(one male, six females) all of whom have the major clinical and radiological features of 

FMD, but without detectable mutations in FLNA. The females in our cohort are affected to 

a similar degree as is usually found in males. In addition, all patients have marked keloid 

formation at various body sites, including the eye, from an early age. Other features that 

may indicate a different etiology in these patients are the increased frequency of cleft 

palate, Robin sequence, tracheal stenosis, and mild intellectual disability, which all occur 

in three of more patients in the present group. All patients are isolated. We hypothesize 

that the presently reported patients represent further evidence that phenotypes strongly 

resembling FMD exist that are not accounted for by mutations in FLNA. Since the frequency 

of several of the manifestations, their sporadic presentations, and the presence of keloid 

formation differ from the X-linked form of this condition we propose de novo autosomal 

dominant acting mutations in a gene functionally related to FLNA, underpin this disorder. 

2015 Wiley Periodicals, Inc.

Key words: frontometaphyseal dysplasia; filamin A; keloid; hypertrophic scar; cleft palate; 

Robin sequence; intellectual disability; otopalatodigital spectrum disorder
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INTRODUCTION

Frontometaphyseal dysplasia (FMD) is one of the Oto-Palato-Digital Spectrum Disorders 

(OPDSD) and is characterized by a generalized bone dysplasia and a wide variety of 

other manifestations such as hearing loss, cardiac malformations, and urogenital defects 

[Robertson et al., 2006; Hennekam et al., 2010]. The clinical diagnosis of FMD can be 

molecularly confirmed in 82% of male cases by finding mutations in the X-linked gene 

FLNA, encoding filamin A (FLNA) [Robertson, 2005]. FLNA is a protein that participates 

in the modulation of the cytoskeleton through cross-linking actin and scaffolding a 

diverse array of juxta plasma membrane proteins. Loss of function mutations in FLNA are 

associated with periventricular nodular heterotopia, and other FLNA functional alterations 

lead to otopalatodigital syndrome type 1 and type 2, Melnick–Needles syndrome, terminal 

osseous dysplasia, and FMD [Verloes et al., 2000; Robertson et al., 2003; Marino~-Enrquez 

et al., 2007; Sun et al., 2010].

Here we present seven patients with a clinical diagnosis of FMD, who exhibit in addition 

a propensity to keloid formation and several other unusual signs, and in whom no FLNA 

mutation could be detected. We propose that these patients have either a specific subtype 

of FMD or a hitherto unrecognized entity caused by mutations in a gene that may well 

demonstrate a functional relationship with FLNA.

CLINICAL REPORTS

The main findings in the seven patients are summarized in Table I and illustrated in Figures 

1–4. We describe the first two patients in detail, and provide a more limited description of 

the other patients.

PATIENT 1

The proband is the first child of healthy, unrelated parents. Her mother is of Caucasian 

extraction, and known to have beta-thalassemia trait. Her father is of Surinam Creole origin 

and he has a daughter from a previous relationship with pubertas praecox (precocious 

puberty) due to a pituitary disorder. The proband was born at term after an uncomplicated 

pregnancy and delivery with a birth weight of 2.270 g (–2.5 SD), length of 49 cm (0 SD) and 

head circumference of 31.5 cm (–2.5 SD). She presented at birth with Robin sequence: 

a cleft palate, micrognathia, and significant respiratory and feeding problems requiring a 

nasopharyngeal airway for 12 months and tube feeding from birth until the present day. In 

addition, she was found to have marked left corneal thickening; it was unsure whether this 

was attributable to thickening of the cornea or dermoid formation (Fig. 3). The anterior 
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chamber of the left eye was very shallow. The right eye was structurally normal with 

unimpaired acuity. She was also noted to have mild wrist contractures, ulnar deviation of 

the fingers, which had flat and broadened distal phalanges, most marked in the thumb, 

limited mobility of her elbows, pedes adducti, and radiologically confirmed bilateral 

hip dislocation (Fig. 2). At examination she had short downslanting palpebral fissures, 

hypertelorism, a low nasal bridge, full cheeks, low-set ears with a large antitragus, a small 

mouth, and a dimple in her chin. Echocardiography showed a small hemodynamically 

insignificant ventricular septal defect.

Brachy-turricephaly was evident at 9 months and X-rays showed bicoronal craniosynostosis 

for which surgery was not required. Her palate was repaired at 18 months, at which time 

bilateral conductive hearing loss was diagnosed and hearing aids were fitted. She had 

delayed motor milestones and walked independently at 3 years of age. Her cognitive 

development was also slow and she uttered her first words at 5 years. The hip dislocations 

needed surgical correction at age 3 years, after which she developed large keloids on 

both legs. These were removed but subsequently recurred (Fig. 3). At age 4 years, she 

developed a recurrent, severe infection of her left eye culminating in endophthalmitis, 

which was refractory of intensive treatments. At 5 years the eye was enucleated, and a 

prosthesis was inserted. Audiometry showed a conductive loss of 70 dB (lower tones) 

and 50 dB (higher frequencies) in the left ear and complete deafness of the right ear. 

Pathological examination of the enucleated eye confirmed the endophthalmitis but failed 

to show other specific abnormalities.

She was last evaluated at age 5.5 years. Her height was 113.6 cm (0 SD), weight was 18 kg 

(–2 SD), and head circumference (measured over the supraorbital ridges) 48 cm (–1 SD). 

The initial physical findings had persisted but her supraorbital ridges had become more 

prominent, and her wrist and finger contractures had progressed. The muscle bulk in the 

lower arms, calves, and lower legs was underdeveloped. Array CGH showed a gain of 30.8 

kb of 22q12.3, which was also present in her unaffected mother. MLPA of subtelomeric 

probes failed to show imbalances.

PATIENT 2

This female patient was born at term as the 5th child of healthy, unrelated parents. 

Her siblings were normal. Routine prenatal ultrasounds had shown a somewhat small 

cerebellar vermis. Her birth weight was 2,925 g (–1 SD), length 54 cm (2 SD), and head 

circumference 33.0 cm (–1 SD). A cleft palate and micrognathia were present, causing 

respiratory and feeding problems, which necessitated hospitalization for months (Robin 

sequence). She had long, thin fingers held in a wind-swept position, ulnar deviation of the 
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hands, and pedes equinovari. Her motor and cognitive developments were delayed and 

she required special education. At age 2 years, she was found to have bilateral conductive 

hearing loss of 70 dB for which hearing aids were provided. In addition she had very narrow 

external auditory canals associated with recurrent otitis externa and treated surgically. Eye 

examination at 6 years of age yielded normal results other than showing that the lower 

temporal part of both corneas colored significantly resembling exposure keratopathy but 

she closed her eyes normally during sleep.

At the age of 6 years, she began to develop small keloid lesions, mainly over the upper 

thorax and upper arms, often without an obvious initiating event. She developed further 

intensely itchy keloid scars after any surgery and chicken pox. Her primary dentition 

erupted normally but exfoliation was limited to a few elements. Because of irregularly 

placed teeth orthodontic braces were provided.

At 13.5 years, her height was 149 cm (–2 SD), weight was 57.4 kg (+2 SD) and head 

circumference 52.7 cm (–1 SD). Craniofacial features included a short forehead with a 

low anterior hairline, prominent supraorbital ridges, broad eyebrows that were extended 

laterally, hypertelorism, downslanted palpebral fissures, a low nasal bridge, a short nose 

with a thick, rounded nasal tip, a broad nasal base, full cheeks, a short and deep philtrum, 

thin upper and lower vermillion, small pointed chin and irregularly implanted teeth (Fig. 

1). She had a broad thorax, decreased shoulder mobility, deep sacral dimples, flexion 

contractures of her elbows with limited pronation–supination, mildly decreased wrist 

mobility, long and flat fingers, a short distal phalanx of the thumb and clinodactyly of 

the 5th fingers (Fig. 2). The metacarpophalangeal joints of all fingers showed decreased 

mobility. Her feet showed pedes adducti, and short distal phalanges of the halluces. There 

was mild generalized hirsutism, and multiple keloids (Fig. 3).

Table 1. Characteristics of FMD Described in Literature Compared to the Findings in the Presently 

Described Patients

Patients

Literaturea (%) 1 2 3 4 5 6 7

FLNA mutation FLNA positive FLNA negative FLNA negative

Gender Male Female Male Female F F F M F F F

Clinical FMD characteristics

Height <10th centile 21 0 0 22 + + + + + + -

Prominent supraorbital ridges 100 91 100 100 + + + + + + +

Downslanting palpebral fissures 100 64 100 89 + + + +/- + + +

Hypertelorism 100 100 100 100 + + + + + + +

Cleft palate 0 9 0 11 + + Ua - - + +

75

5

FRONTOMETAPHYSEAL DYSPLASIA AND KELOID FORMATION WITHOUT FLNA MUTATIONS



Table 1 continued.

Patients

Literaturea (%) 1 2 3 4 5 6 7

FLNA mutation FLNA positive FLNA negative FLNA negative

Gender Male Female Male Female F F F M F F F

Clinical FMD characteristics

Micrognathia 70–90 85–100 unk unk + + + + - + -

Dental anomalies 100 18 33 11 + + + + - + +

Muscular underdevelopment 86 9 100 67 + + + + + - +

Restricted elbow movements 100 45 100 44 + + + + + + +

Flexion contractures wrist 85–100 65–75 unk unk + + + + - - +

Ulnar deviation hands 85–95 70–90 unk unk + + - + - + +

Interphalangeal joint contractures 89 90 100 67 + + + + + + +

Long slender digits 89 45 100 56 + + + + + + +

Distal phalangeal wide/small 

thumb 80–95 70–90 unk unk + + + + + + +

Camptodactyly 89 81 100 44 + + + + + + +

Deafness 67 27 100 33 + + + + + + +

Tracheal stenosis 25 9 0 11 - - - + + - +

Cardiac defect 24 0 66 22 + + + - + + -

Urethral obstruction 32 0 0 0 - - - - - - -

Radiological FMD characteristics

Supraorbital hyperostosis 100 100 100 100 + + + + + + +

Antero inferior mandibular spurt + + + + + + - + - - unk

Craniosynostosis 5 0 0 0 + + - - - - -

Skull base sclerosisb 100 100 100 100 + + + + + + +

Absent frontal sinuses 89 54 100 68 + + + + + + +

Dislocated radial heads 44 9 100 11 + + + + + + +

Carpal fusions 0 9 66 0 - - - - - - -

Poorly modeled phalanges 100 36 100 44 + + + + + + +

Abnormally modeled meta/

diaphyses 100 unk 100 unk + + + + + + +

Undermodeling metatarsals 100 unk 100 unk + + + + + + +

Fusion C2/3—subluxation C3/4 33 0 66 11 - + - + + + +

Scoliosis 53 18 33 33 - + + + + - +

Bowed long bones 56 18 100 11 + + - - - - +

Non-FMD characteristics

+Keloid/hypertrophic scars + + + + + + +

Coxa valga (radiological finding) + + + + + + +

Pes equinovarus + + + + + - +

Hirsutism + + - - + - -

Mild intellectual disability + + - - + - -

Sacral dimples + + - - - - -

Robin sequence + + - - - - -

Eye abnormalitiesc + - + - - - +

Large joint dislocation + - + - + + +

Thickened knee joints - + - - - - -
aRobertson et al. [2006], Zenker et al. [2006].
bSkull base sclerosis, including narrowing of the acoustic external canal.
cEye abnormalities including: abnormal cornea, absent anterior eye chamber.

U, bifid uvula; +, present; -, absent; unk, unknown.
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Figure 1. Face of the present Patients 2 at age 6 and 14 years and patient 4 at 13 years. Note the 

low anterior hairline, marked and progressive prominent supraorbital ridges, broad eyebrows, 

hypertelorism, downslanted palpebral fissures, a low nasal bridge, short nose with thick, round nasal 

tip, broad nasal base, full cheeks, a short and deep philtrum, and small but pointed chin in both.

Figure 2. Limbs of the present Patient 1 at age 1 month and 5.5 years (A) and Patient 2 at age 6 years 

and 14 years (B). Note the progressive camptodactyly in the long and flat fingers, the short distal 

phalanx of the thumb and progressive clinodactyly of the 5th fingers, and in the feet the short distal 

phalanges of the halluces and in Patient 2 the pedes adducti.
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Figure 3. Eye findings and keloid formation. A: Left eye of Patient 1 at age 8 months showing dermoid-

like tissue. B: Keloids on chest of Patient 2 at age 24.5 years. C: Keloids on left upper arm of same 

patient. D: Left eye of Patient 7 at age 16 years showing corneal opacity. E: Keloid behind right ear in 

same patient. F: Keloid on left upper leg after hip surgery in Patient 1 at age 5.5 years. G: Enormous 

keloids on hand, wrist, and lower arm in Patient 5 at age 26 years.

Over the ensuing years, the mobility in most of her joints gradually decreased 

despite physiotherapy and attempted surgical correction. Any surgery resulted 

in thick keloid scars. New keloids arose, and existing keloids expanded slowly. 

Echocardiography showed a bicuspid aortic valve and limited dilatation of the 

aortic root and proximal part of the ascending aorta (diameter 35 mm) probably 

secondary to the bicuspid valve. Her general health was robust, pubertal development 

was normal, and micturition and defecation were normal. As an adult she was 

largely independent for her self-care. When examined at 23.5 years of age, her 

height was 150 cm (-3 SD), weight was 74 kg (+3 SD), and head circumference 

55 cm (-0.5 SD; OFC was 57 cm if measured over the supraorbital ridges: +1 SD). 

Her facial appearance has remained more or less unchanged apart from increasingly 

prominent supraorbital ridges (Fig. 1). Six permanent teeth had failed to erupt, and she 

had a number of retained primary teeth. The contractures and stiffness of her arms 

and digits had progressed (Fig. 2). Screening for metabolic disorders and conventional 

karyotyping yielded normal results.

PATIENT 3

The proband was born to nonconsanguineous parents at 41 weeks gestation by normal 
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vaginal delivery after an uncomplicated pregnancy. Family history was non-contributory. 

Her birth weight was 3,316 g. At birth, she had multiple congenital dislocations, severe 

bilateral talipes equinovari, short metacarpals, thumb hypoplasia, elongation of the 

clavicles, high scapulae, and bilateral hip dislocation. Other findings included aortic 

root dilatation, which was slowly progressive over time, supraumbilical hernia, retinal 

hemorrhages, pale peripheral haloes around both optic discs, deep anterior chambers, 

and bilateral vesicoureteric junction obstruction. Craniofacial features included a high 

forehead, hypertelorism, downslanting palpebral fissures, a short nose, a broad nasal 

tip with a slight midline groove, a deep inferiorly splayed philtrum, malformed ears, high 

palate, bifid uvula, and thin upper vermillion with a capillary hemangioma. There was 

reduced shoulder movement, a long narrow thorax, abnormal scapulae with overlying 

medial dimples, elbow contractures, wide flat thumbs adducted across the palms, and 

stiffness of the distal interphalangeal joints of all fingers.

She had innominate artery compression of the trachea but no treatment was 

required. She developed gross bilateral hydronephrosis and hydroureters, underwent 

a vesicostomy for neurogenic bladder, and re-implantation of both ureters. Bladder 

histology showed focal partial replacement of smooth muscle by fibrous tissue 

associated with pallor and cytoplasmic vacuolation of smooth muscle fibers. These 

findings were thought to resemble hollow visceral myopathy. She had numerous 

plastic surgeries and skin grafts for severe keloid scars. She had a talectomy of the left 

foot and left forefoot reconstruction. Her puberty was delayed, but hormonal profile 

was normal. Pelvic ultrasound showed no ovaries or uterus. She had bilateral hearing 

aids for sensorineural deafness. Her motor development was delayed, she walked after 

age 2 years, and cognition was normal. The timing of dental eruption was normal but 

asymmetrical. At age 2 years, her anterior fontanel was still open (25 mm). She had 

triangular shaped palpebral fissures, pale blue sclerae, a thick columella and alae nasi, 

triangular nares, a broad nasal bridge, and horizontal grooves on either side of the 

midline below the lower lip. She had soft translucent skin, cutis marmorata, pterygium 

colli, a lower cervical/upper thoracic kyphosis, and a marked pectus excavatum. 

Movement in almost all joints was limited, but some distal interphalangeal joints 

were hypermobile. She had broad short halluces and proximally placed distally broad 

thumbs. Keratosis pilaris of the cheeks and chin was present from birth. She had pits at 

the mucosal junction of the angles of the mouth and a longitudinal groove on either 

side of the midline of the hard palate.

At age 2.5 years she was commenced on beta blockade for aortic root dilatation. Avapro 

was commenced around 16 years of age. Ophthalmological examination yielded 

normal results. Her general health was good but she grew poorly, height was 123.7 cm 
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(-2.5 SD) and weight was at the 3rd centile by age 9.5 years. By age 12 years 9 months, 

her weight was 25.6 kg -3 SD), and height 129.7 cm (-3 SD). Her joint contractures were 

not progressive. Urinary metabolic studies failed to show abnormalities.

Figure 4. Radiological findings in Patient 3 at age 3.5 years (A), Patient 1 at age 5.5 years (B), and 

Patient 2 at age 13 years (C). Note the prominent supraorbital ridges, small sinuses, mandibular spur, 

mild bowing of long bones, luxation of the radial head, small lateral epicondyle of the femora, small 

carpals and tarsals, and under modeling of the metacarpals, metatarsals, and phalanges. In Patient 1, 

the digitate impressions and coxa valga are more marked than in the other two patients. In Patient 2, 

the prominence of the supraorbital ridges is more marked.

PATIENT 4

This patient was born after a normal full-term pregnancy to healthy, nonconsanguineous 

Korean parents. An unusual face, undescended testes, bilateral clubfeet, and borderline 

finger stiffness were diagnosed at birth. At 20 days pyloric stenosis was surgically 

corrected. His facial appearance became more unusual with age and differed from his 

parents. His clubfeet did not correct fully after manipulation and serial castings and so 

he underwent a series of surgical corrections between 6 months and 13 years of age. 

His hands became gradually stiffer, and currently the metacarpophalangeal joints are 
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fixed in 90˚ of flexion, while the interphalangeal joints are in extension. Keloid scars 

have developed at the sites of surgical incisions on the feet and at the site of a traumatic 

injury. Tracheal stenosis was noted at the induction of anesthesia. He developed sleep 

apnea, confirmed by sleep studies, likely due to the tracheal stenosis. Audiology shows 

mild hearing loss, which does not interfere with daily life. Cognitive function is normal 

and his academic performance is upper 10% in school. At age 18 years his height is 160 

cm (–2 SD).

PATIENT 5

This girl was born at 34 weeks gestation by caesarean to non-consanguineous parents 

of Mexican background. Bilateral clubfeet and finger contractures were obvious at 

birth. Other congenital anomalies included dislocation of the left hip, patent ductus 

arteriosus, and a bicuspid aortic valve. She was found to have congenital sensorineural 

hearing loss and wears hearing aids bilaterally. Postnatally, ongoing respiratory distress 

led to the diagnosis of subglottic tracheal narrowing for which a tracheostomy was 

created. Keloids developed progressively during childhood after surgical incisions, 

needle insertions, minor trauma, and on the inner thighs. Attempts to control the growth 

of the keloid with radiation therapy was not successful, and resulted in rebound growth 

of the tissue with a tendency for it to break down, become infected, and develop sinus 

tracts. Progressive scoliosis prompted assessment in adolescence but surgery was not 

performed because of her propensity to develop keloids. She has gastroesophageal 

reflux, and was diagnosed with ulcerative colitis after a previous history of rectal 

bleeding. She completed high school, mobilized in a motorized wheelchair, could 

bathe herself and had held a job performing data entry. She has been admitted to the 

hospital repeatedly for treatment of infection and skin breakdown at various sites. At 

the age of 26 years she was living with her parents.

PATIENT 6

This girl was born to nonconsanguineous Mexican parents after an uncomplicated 

pregnancy and delivery. Immediately obvious at birth were multiple congenital 

anomalies including hypertelorism, micrognathia, a bifid uvula, restricted elbow 

extension, camptodactyly, and a dislocated right hip. Over childhood she developed 

increasing supraorbital prominence, digital flexion contractures, growth failure, 

right ventricular outflow tract obstruction necessitating an infundibular resection, 

and increasing contractures of the elbows, wrists, and hands. Surgical interventions 

led to the formation of excessive keloid scarring. Crohn’s disease was diagnosed in 

adolescence and was managed medically. A bicornuate uterus was noted at the same 

time. At age 32 years, she held paid employment and lived autonomously.
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PATIENT 7

Patient 7 is a 16-year-old girl born to healthy unrelated Caucasian parents with no 

family history of note. She was delivered at 35 weeks gestation after a normal pregnancy 

weighing 2.53 kg (–2 SD). She had a large patent anterior fontanel with bitemporal 

narrowing, a short webbed neck, crumpled ears, a cleft soft palate, thin lips, a small 

deeply grooved chin, a mild scoliosis, arachnodactyly of the fingers and toes with 

ulnar deviation and contractures, and flexion deformities of the hips, elbows, wrists, 

and ankles. Echocardiogram showed a mild valvular pulmonary stenosis, small patent 

foramen ovale and small patent arterial duct, which did not require any intervention. 

During intubation for her cleft repair at 6 months she was found to have a narrow 

trachea. She had a dislocated left hip requiring an osteotomy with internal fixation 

aged 16 months. She has had recurrent episodes of glue ear, treated with grommets, 

and developed marked bony narrowing of the auditory canals complicated by chronic 

otitis externa. She developed a cholesteatoma of her left ear requiring surgery. She had 

bilateral hearing impairment with severe sensorineural loss on the left and predominantly 

conductive loss on the right for which she used aids and more recently a right BAHA. At 

8 years of age she had bilateral otoplasties following which she developed severe post-

auricular keloid scarring which has not responded to triamcinolone injections. She has 

had surgery to straighten her toes associated with keloid scarring as did the surgical 

scar on her left hip surgery. Her other joints have been managed with physiotherapy 

and splinting but more recently she has developed a lumbar scoliosis from T10 to L4 

of 53˚. At 3 years of age she developed a left corneal opacity thought to be due to 

exposure and a keratopathy assumed to be caused by a reduced corneal sensation and 

failure to fully close her eyes at night. There were no other ocular abnormalities apart 

from mild hypermetropia and astigmatism. She had several retained primary teeth and 

missing permanent teeth. Cognitive testing at around 10 years of age showed average 

abilities. She has been through a normal puberty.

At 15 years of age she had a height of 155.7 cm (–2 SD) with a head circumference of 

51.8 cm (–2 SD) (53.8 cm if including brows). She had a slim build triangular face and 

chin, with a mild asymmetry, down-slanting palpebral fissures with prominent brows, 

a broad nasal bridge, a short deeply grooved philtrum, and thin upper vermillion. She 

had mild thoracic kyphosis and lumbar scoliosis and a marked pectus excavatum, 

reduced movement in her shoulders and wrists, incomplete extension of her elbows 

and forearms fixed in pronation. Her fingers were long and slim fingers, and the right 

distal thumb phalanx broad. All fingers showed asymmetric contractures, the knees 

had mild flexion contractures and her feet were long and narrow with mild metatarsus 

varus and flexion contractures of the toes.
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ADDITIONAL INVESTIGATIONS

The X-rays of all patients showed a remarkable resemblance and showed all major 

characteristics of FMD: prominent supraorbital ridges, underdeveloped sinuses, 

mandibular spur, mild bowing of long bones, luxation of the radial head, small lateral 

epicondyle of the femora, underdevelopment of the carpals and tarsals, and under 

modeling of the metacarpals, metatarsals, and phalanges (Fig. 4). Patient 2 had a 

block vertebra of C2 and C3. An orthopantomogram of Patient 2 showed six missing 

elements (3-5, 4-5, 1-4, 1-5, 2-4, and 2-5) and five in Patient 3 (1-2, 1-5, 2-2, 2-4, and 

2-5). Patients 3 and 7 also had absent glenoid fossae. Patient 7 had a small right 12th 

rib and absent left 12th rib, a cone-shaped epiphysis of the thumb, a supernumerary 

carpal bone, multiple Wormian bones in the sagittal suture, healed coronal clefts of 

the lumbar vertebrae, and disproportionately long fibulae. An MRI-brain of Patient 1 

showed widened Virchow spaces and no brain malformations. CT-scan brain of Patient 

2 demonstrated a small cerebellar vermis and wide extra-cerebellar spaces.

Karyotype analysis and CGH arrays yielded normal results in all studied patients. In 

all patients, DNA sequencing failed to show a mutation in FLNA. MPLA with a custom 

designed probe set over FLNA (probes situated in intron 2 and exons 6, 10, 15, 19, 22, 

26, 29, 34, 44, and 48) was performed in all patients and no anomalies were found. In 

two patients, a search for intragenic deletions using PCR amplification of FLNA exons 

2–48, including intron–exon boundaries, failed to show abnormalities.

DISCUSSION

The seven patients we report have clinical and radiological findings consistent with FMD 

(Table 1). FMD is caused by FLNA mutations on the X-chromosome. In keeping with an 

X-linked disorder, the classical FMD phenotype is typically present in males while females 

are more mildly and variably affected. Robertson et al. found FLNA mutations in 82% 

of clinically affected males and 45% of females. The same authors checked 10 patients 

with clinically FMD but without FLNA mutation, for intragenic deletions using PCR am-

plification of FLNA exons 2–48, including intron–exon boundaries, and did not detect 

any abnormality [Robertson et al., 2006]. Only the FLNA mutation negative patients from 

the latter cohort who had in addition keloid formation, were included in the present 

study, as the presence of keloids allowed us to recognize the individuals with a similar 

but apparently still different phenotype with more certainty. A comparison of the clinical 

features of those with and without detectable FLNA mutations (Table 1) suggested several 

83

5

FRONTOMETAPHYSEAL DYSPLASIA AND KELOID FORMATION WITHOUT FLNA MUTATIONS



clinical differences, such as in the frequency of deafness, cardiac malformations, and 

cervical vertebral abnormalities.

The seven patients we report are unusual for a number of reasons. All six females have 

phenotypes of a severity usually found in FMD males, and even resembling especially 

markedly affected males. All seven patients have suffered from keloid scarring which 

is not a previously described feature of FMD. Furthermore, they demonstrate features, 

which are uncommon or not previously reported in FMD, particularly cleft palate (4/7, 

occurring as part of Robin sequence in two of them), ocular abnormalities (2/7), large joint 

dislocation (4/7), and intellectual disability (in 3/7).

We have been unable to find descriptions in literature of patients with FMD who have 

keloid or unusual scar formation. The keloid scarring in our patients has occurred early, 

mainly after trauma or surgery but in at least one patient without an obvious precipitant, 

and the scars have been resistant to conventional management. Keloid scars are often 

cosmetically unsightly, may restrict skin and joint mobility and may be associated with 

discomfort and severe itching. The pathogenesis of keloid scarring remains poorly defined 

with many signaling pathways and growth factors implicated in its pathogenesis. Keloid 

formation may cluster in families and is more common in those of African, Asian, and 

Hispanic descent. Keloid scarring can form part of a wider syndrome, an example being 

Rubinstein–Taybi syndrome where up to 24% of individuals with a heterozygous CREBBP 

mutation have been observed to have keloid scars [van de Kar et al., 2014]. In such cases, 

the keloid scars are usually located over the shoulders, upper arms, and thorax, which are 

also the predilection sites for isolated keloids [Abarca et al., 2014]. We remain uncertain 

whether the eye findings in two of the present patients are related to this keloid formation 

or not.

It is difficult to classify the patients. There is the obvious significant overlap with FMD, as 

the major characteristics of FMD are present. The present patients have manifestations 

such as keloid formation and intellectual disability that do not occur in FMD. Whether this 

is sufficient to distinguish the two entities will await further characterization [Hennekam, 

2007]. None of the present seven patients had a detectable FLNA mutation and likely 

the patients have a different etiology for their FMD manifestations. All were sporadic and 

none had consanguineous parents. The females were affected to a similar degree to the 

male. For those patients in whom karyotyping or array-CGH testing for chromosome 

imbalance was performed, the results were normal. In aggregate, these findings suggest 

the possibility that this entity is caused by a de novo autosomal dominantly acting 

mutations in a gene that has a functional relationship with FLNA.
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ABSTRACT

OBJECTIVES

The aim of this retrospective study was to compare subcuticular sutures and Steri-

StripTM S in closing median sternotomy incisions in children with regard to wound 

healing and scar formation. 

METHODS

Fifty-three children and adolescents were enrolled in this study who all underwent 

a median sternotomy at age 0–18 years and had their presternal cutaneous wounds 

closed with either a running subcuticular suture (Group 1) or Steri-StripTM S (Group 

2). Their scars were assessed using the Patient and Observer Scar Assessment Scale 

(POSAS). Secondary outcome measures were the scar measurements and the incidence 

of wound problems post-surgery.

RESULTS

A significant difference was found between both groups in median POSAS observer 

scale scores for the items thickness (p = .027), pliability (p = .045), surface area (p =.045) 

and the total score (p = .048). All in favor of the subcuticular suture group. There were 

no significant differences concerning the POSAS patient scale scores. Middle parts of 

scars of patients in Group 2 were significantly broader (p = .001) than scars of patients 

in Group 1. No significant differences concerning wound problems were found.

CONCLUSIONS

There are, according to our results, no significant differences in wound healing of 

median sternotomy incisions in children closed with either a subcuticular suture 

or Steri-StripTM S. Significant differences do exist regarding scar formation and final 

cosmetic results of the scars, in favor of subcuticular closure.

KEYWORDS

Sternotomy; surgical tape; sutures; wound closure techniques; child; adolescent
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INTRODUCTION

Every year 1400–1500 children are born in the Netherlands with a congenital heart 

defect [1,2], which leads to 800 open-heart surgeries. These surgeries often require a 

median sternotomy approach, which leaves the patient with a noticeable presternal 

scar. Scars in the presternal region have a high tendency for hypertrophic scar 

development [3], with an incidence between 30–50% in patients from Asian and African 

descent and 10–20% in Caucasians [4]. Hypertrophic scars tend to itch and cause pain 

which, in combination with the increased thickness, stiffness and redness, may lead to 

significant cosmetic and functional impairment [5–7].

Presternal cutaneous wounds are traditionally closed in two layers; one layer of 

subcutaneous sutures to decrease tension, followed by one running subcuticular suture 

to achieve epidermal approximation [7,8]. The use of subcuticular sutures, however, is 

thought to promote a localized inflammatory reaction which leads to a higher rate of 

superficial wound infections, when compared to other wound closure techniques [7–10]. 

This impaired wound healing is another risk factor for the development of hypertrophic 

scars.

A possible alternative for the running subcuticular suture is the Steri-StripTM S (3 M, St. 

Paul, MN, USA), a surgical adhesive tape. It consists of soft polyurethane pads coated 

with a hypoallergenic skin adhesive which are placed on either side of the wound and 

subsequently are pulled together and fixed with multiple interlaced polyester filaments 
[7,8,11].

Until now two studies compared the use of Steri-StripTM S with a subcuticular suture 

following a median sternotomy incision. Both concluded that Steri-StripTM S is a fast, 

safe and reasonable alternative for presternal wound closure in adults [7,8]. No significant 

differences in cosmetic results and no differences in incidence of wound infection or 

dehiscence were found between both groups [7,8]. However, these studies were limited 

by their short follow-up periods of only three and six weeks and the lack of a validated 

scar assessment instrument.

The objective of this retrospective cross-sectional study was to compare subcuticular 

sutures and SteriStripTM S in closing median sternotomy incisions in children with regard 

to wound healing and scar formation.
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MATERIALS AND METHODS

STUDY DESIGN

We conducted a retrospective cross-sectional study in the Department of Plastic, 

Reconstructive and Hand Surgery at the Amsterdam UMC, location AMC in Amsterdam 

in cooperation with the Department of Cardiothoracic Surgery at the Amsterdam UMC 

and the Leiden University Medical Center (LUMC), in Leiden. The study protocol was 

approved by the Ethical Review Boards of both academic centers and written informed 

consent was obtained from all patients if they were aged 12 years or older or from their 

parents/carers prior to enrollment.

PATIENTS

Patients were included from the departments of Cardiothoracic Surgery and Pediatric 

Cardiology at the Amsterdam UMC and LUMC. The inclusion criteria were: children or 

adolescents who underwent cardiac surgery via median sternotomy incision at age 0–18 

years, either primary or secondary, the latter with total excision of the existing presternal 

scar. The skin closure technique used was either a running subcuticular suture or Steri-

StripTM S. Exclusion criteria were: children who died in the years following their surgery, 

who underwent cardiac surgery via other incisions than a median sternotomy approach, 

who underwent secondary cardiac surgery without total excision of the sternotomy 

scar and patients, or their parents, who were unwillingly to consent and to participate 

in this study.

STATISTICAL ANALYSIS

Descriptive statistics were calculated to describe the baseline clinical and demographic 

characteristics of the patient population. For the (semi-)continuous outcomes of the 

individual POSAS components, the total score and the overall opinion for both observer 

and patient scale, the Mann–Whitney U test was used because of the non-normal 

distribution of the data. The differences in scar width and height between both groups 

were also assessed using the Mann–Whitney U test. To assess differences between 

categorical variables, like the incidence of wound problems post-surgery, the Fisher’s 

exact test was used. Numerical data were presented as median and interquartile range 

(IQR) and categorical data were presented as number and percentage. p values of <.05 

were considered to be statistically significant. All analyses were performed using SPSS 

software for Windows, version 23 (SPSS Inc., Chicago, IL, USA).

OPERATIVE TECHNIQUES

All patients underwent cardiac surgery via median sternotomy incision, the majority 

performed by three different cardiothoracic surgeons between 2006 and 2013. The 
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presternal cutaneous wounds of all children were closed in two layers. The first layer 

consisted of simple subcutaneous 2–0 or 3–0 absorbable synthetic braided sutures 

(Vicryl, Ethicon, Inc., Somerville, NJ, USA). For the second layer either a running 

subcuticular 4–0 absorbable synthetic monofilament suture (Monocryl, Ethicon, Inc.), 

with both knots of the suture embedded superficially under the skin (Aberdeen hitch 

knot), or Steri-StripTM S was used. The cardiothoracic surgeon who performed majority 

of the surgeries used Steri-StripTM S in all children between 2007 and 2010. The Steri-

StripsTM were removed two weeks post-surgery.

FOLLOW-UP AND OUTCOME MEASURES

Patients were evaluated during a single visit to the outpatient clinic at the Amsterdam 

UMC or LUMC. Their scars were assessed by one observer using the Patient and 

Observer Scar Assessment Scale (POSAS), a validated subjective scar evaluation tool 

proven to be suitable and reliable for the evaluation of (linear) scars [12,13] and the primary 

endpoint for this study (Figure 1). The total score is the primary endpoint, the different 

items, and over-all opinion was all looked at separately. The patient scale was assessed 

by the patient, the parent/carer or the patient and parent/carer together, depending on 

age and level of understanding.

Secondary outcome measures were the measurements of the presternal scars and 

the incidence of wound problems post-surgery in both groups of patients. Scar 

measurements consisted of the width, measured in three different parts (the most 

cranial, middle and most caudal parts) and the height. All scars were measured by the 

executive investigator with the use of a measuring tape and to the nearest mm. In order 

to determine the incidence of wound problems post-surgery, the parents of enrolled 

children had to complete a wound problems questionnaire (Figure 2). The problems 

documented were infection, hematoma, dehiscence, Steri-StripsTM coming off early 

and other problems.

Furthermore, a digital photograph of the scar was taken under the same conditions in 

all children; in upright standing position and with the same background. This was not 

used to assess the scars.
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Figure 1. Patient and Observer Scar Assessment Scale (POSAS). Both the observer and the patient 

part of the POSAS contain six numerically scored items on a scale from 1 to 10; with 10 indicating 

the worst scar or sensation imaginable. By adding the scores of each of the six items the total score 

per scale is obtained. A total score of 6 reflects the best imaginable scar and a total score of 60 

the worst. In addition to the different items, an overall opinion on the appearance of the scar and 

scar quality is given by both the patient and the observer, again on a scale from 1 to 10, with 10 

reflecting the worst scar imaginable [13].

RESULTS

A total of 55 children and adolescents were enrolled in this study. The median follow-up 

time is 8 years (IQR 5.5–9.0 years). In Group 1 (n = 33, age range 3 – 23 years, 14 male 

patients and 19 females) the presternal wound was closed with a running subcuticular 

suture and in Group 2 (n = 22, age range 6 – 23 years, 13 males and 9 females) the 

wound was closed with Steri-StripTM S. The age at surgery ranged from 0 – 11 years old 
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in Group 1 and from 0 – 13 years old in group 2. Fifteen children had revision surgery 

with the original scar excised. The baseline characteristics are outlined in Table 1.

Figure 2. Wound Problems Questionnaire. In order to determine the incidence of wound problems 

post-surgery, the parents of enrolled children had to complete a wound problems questionnaire. 

The problems documented were infection, hematoma, dehiscence, Steri-StripsTM coming off early 

and other problems.

Table 1. Baseline characteristics of study population.

Group 1: Group 2:

Characteristic Subcuticular suture Steri-StripTM S

Patients, No. (%) 33 (60) 22 (40)

Age, median (IQR), y 9.0 (6.3–12.0) 11.0 (7.5–14.0)

Gender, No. (%)

Male 14 (42.4) 13 (59.1)

Female 19 (57.6) 9 (40.9)

Age at surgery, median (IQR), y 1.5 (0.0–4.0) 2.0 (0.0–6.0)

No.: number; IQR: interquartile range; y: years.
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Two patients were lost to follow-up, which led to an eventual number of 53 evaluable 

patients; 32 in the subcuticular suture group and 21 in the Steri-StripTM S group. For 

the POSAS observer scale, a significant difference existed between both wound 

closure techniques for the items thickness (p = .027), pliability (p = .045), surface area  

(p = .045) and the total score (p = .048), all in favor of the subcuticular suture group. Scars 

of patients closed with Steri-StripTM S were thus generally assessed thicker, less supple and 

more expanded than scars of patients closed with a subcuticular suture (Table 2).

Table 2. Observer and patient POSAS scores at visit to outpatient clinic.

Group 1:

Subcuticular

suture

Group 2:

Steri-StripTM SOutcome measure p-valuea

Patients, No. (%) 32 (60.4) 21 (39.6)

POSAS observer scale, median (IQR)

Vascularity 2.0 (2.0–3.0) 3.0 (2.0–3.0) .120

Pigmentation 2.0 (2.0–3.0) 2.0 (2.0–2.5) .730

Thickness 1.0 (1.0–2.0) 2.0 (1.5–2.5) .027

Relief 2.0 (1.0–2.0) 2.0 (1.5–2.0) .446

Pliability 2.0 (2.0–3.0) 3.0 (2.0–3.0) .045

Surface area 2.0 (2.0–3.0) 3.0 (2.0–3.0) .045

Total score 11.5 (10.0–15.0) 14.0 (12.0–16.0) .048

Overall opinion 2.0 (2.0–3.0) 3.0 (2.0–3.5) .365

POSAS patient scale, median (IQR)

Pain 1.0 (1.0–1.0) 1.0 (1.0–1.0) .512

Itching 1.0 (1.0–1.0) 1.0 (1.0–2.0) .114

Color 3.0 (1.0–5.0) 4.0 (2.0–5.5) .115

Stiffness 3.0 (2.0–4.0) 3.0 (2.0–5.0) .320

Thickness 2.0 (1.0–3.0) 3.0 (1.5–4.0) .237

Irregularity 1.0 (1.0–3.0) 3.0 (1.0–4.0) .100

Total score 12.0 (8.3–18.0) 14.0 (11.0–21.0) .130

Overall opinion 3.0 (2.0–4.0) 3.0 (1.0–4.0) .909

No.: number; IQR: interquartile range; aMann–Whitney U test.

There were no significant differences between both groups in median scores of the 

POSAS patients scale for all of the items (pain, itching, color, stiffness, thickness, 

irregularity, overall opinion and the total score).

Concerning the scar measurements, the only significant result was the difference in 

width of the middle parts of the scars. Scars of patients in Group 2 were significantly 

broader (p = .001) than scars of patients in Group 1, with a median width of 8.0 versus 

4.0 mm. The caudal parts were broader in the Steri-StripTM S group as well and the 

cranial parts were, on the contrary, wider in the subcuticular suture group; both did 
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not reach statistical significance (Figure 3). Also, no significant differences were found 

between both groups concerning the measurable height of the scars (Table 3).

Figure 3. Digital photographs of presternal scars of patients enrolled in this study. 3A. Patients 

(Group 1) with broader cranial parts of their scar. 3B. Patients (Group 2) with broader middle and 

caudal parts of their scar.

Table 3. Scar width and height at visit to outpatient clinic.

Group 1: Group 2:

Outcome measure Subcuticular suture Steri-StripTM S p-valuea

Patients, No. (%) 32 (60.4) 21 (39.6)

Scar width, median (IQR), mm

Cranial 8.0 (5.0–11.0) 6.0 (5.0–8.5) .376

Middle 4.0 (2.0–6.0) 8.0 (5.0–10.5) .001

Caudal 4.0 (3.0–8.0) 6.0 (3.0–10.0) .131

Scar height, median (IQR), mm 0.0 (0.0–0.0) 0.0 (0.0–0.0) .410

No.: number; IQR: interquartile range; aMann–Whitney U test.

In Group 1, five patients (15.6%) developed a wound problem, which were all superficial 

wound infections. In Group 2 two patients (9.5%) developed a wound problem, one 

was a superficial infection as well and in one case the Steri-StripsTM came off early. 

Although there were more cases of wound infections in the subcuticular suture group 

than in the Steri-StripTM S group, this difference was not statistically significant. The 

majority of wound problems occurred after >3 weeks post-surgery and were located at 

the cranial one-third of the scar. None of the children were readmitted to the hospital 

or needed reoperation due to their wound problem (Table 4).
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Table 4. Occurrence of wound problems post-surgery.

Outcome measure

Group 1:

Subcuticular

suture

Group 2:

Steri-

StripTM S p-valuea

Patients, No. (%) 32 (60.4) 21 (39.6)

Wound problems, No. (%)

Infection 5 (15.6) 1 (4.8) .384

Hematoma 0 0 NA

Dehiscence 0 0 NA

Steri-Strips came off early NA 1 (4.8) NA

Other 0 0 NA

Time of occurrence of problem, No. (%)

Within 1 week post-surgery 1 (20) 1 (50) 1.000

After 2 weeks post-surgery 1 (20) 0 1.000

After >3 weeks post-surgery 3 (60) 1 (50) 1.000

Location of problem, No. (%)

Cranial one-third of scar 4 (80) 2 (100) 1.000

Middle one-third of scar 0 0 NA

Caudal one-third of scar 1 (20) 0 1.000

Readmitted to hospital, No. (%) 0 0 NA

Reoperation, No. (%) 0 0 NA

No.: number; NA: not applicable; aFisher’s exact test.

DISCUSSION

This study showed a significant difference between both wound closure techniques 

in POSAS observer scale scores for the items thickness, pliability, surface area and 

the total score in favor of subcuticular closure. There were no significant differences 

concerning the items on the patient scale. The discrepancy between the results of the 

POSAS observer scale and the POSAS patient scale could have been caused by the 

general contentment of the patients and their parents with the appearance of the scar, 

even if it was very noticeable. These children have had their scar since a very young 

age and are, therefore, used to it being a part of them. Also, the lifesaving aspect of 

the surgery made the appearance of the scar less relevant. Possibly, if the majority of 

patients would have reached puberty at the time of evaluation, the results would have 

been different. Puberty comes with certain concerns about one’s physical appearance 

which could increase the relevance of the appearance of a scar.

Only two other studies compared the use of Steri-StripTM S with a running subcuticular 

suture following a median sternotomy incision, both in adults. Van de Gevel et al. found 

non-significant improved cosmetic results with the use of Steri-StripTM S [7] and Lazar 

et al. found no differences in cosmetic outcome between both closure techniques 
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[8]. Other studies comparing Steri-StripTM S to other skin closure methods in different 

parts of the body concluded that Steri-StripTM S gave comparable cosmetic results, 

at least as good cosmetic results or even improved cosmesis when compared with 

subcuticular or, in two cases, transcutaneous sutures [11,14–18]. However, these studies 

did not use a validated scar assessment tool, six out of eight studies were funded by 3 

M, the producer of Steri-StripTM S and their follow-up periods ranged from three weeks 

up to only six months. A follow-up period of at least a year is necessary for reliable scar 

outcome, since changes are seen until then [19].

Although there is a relatively high occurrence of hypertrophic scarring in median 

sternotomy scars using traditional subcuticular sutures (incidence ranging from 10–

50% depending on ethnicity [3]), only one real case of scar hypertrophy was found in 

our study population. This can be explained by our long follow-up period and the 

subsequent maturity of the evaluated scars. Scars may be hypertrophic during the first 

period following surgery but might become normal over time [20]. Perhaps if we had 

evaluated the scars six months or a year after surgery, we would have found more 

cases of scar hypertrophy.

Regarding scar measurements: the middle parts of the scars of patients in the Steri-StripTM 

S group were significantly broader compared to scars of patients in the subcuticular 

suture group. Other measurements did not differ significantly. Only one other study 

described scar width when using Steri-StripTM S. Anuar Ramdhan et al. measured scars 

after femoral shaft fracture fixation twelve weeks post-surgery and found that scars 

closed with Steri-StripTM S were narrower than those closed with sutures, although this 

difference was not significant [18]. The Steri-StripsTM possibly cause less inflammation 

of the skin than sutures do, which might explain these good initial results [18]. It also 

causes less tissue trauma than suturing. In the long-term, scars in the presternal region 

might stretch more than scars in other anatomic locations because of the high tension 

in this area. The broader middle and caudal parts of median sternotomy scars in the 

Steri-StripTM S group might be caused by the removal of Steri-StripTM S two weeks post-

surgery, after which the newly formed scar has to endure the high tension pulling 

forces of the surrounding tissues. Subcuticular absorbable synthetic monofilament 

sutures (Monocryl, Ethicon, Inc.) still have 20–30% of their initial tensile strength after 

two weeks and total absorption is completed after 90–120 days [21]. This gives the 

wound more time to heal and form scar tissue and to possibly better resist these high 

tension forces.

The difference in wound infections post-surgery might be explained by a possible 

localized inflammatory reaction caused by the subcuticular sutures. This may lead 
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to a higher rate of superficial wound infections, compared to other wound closure 

techniques [7–10]. Risnes et al. [10] and Karabay et al. [9] compared the incidence of 

postoperative wound infections after closing median sternotomy wounds in adults with 

either subcuticular or transcutaneous sutures. Risnes et al. found superficial wound 

infections in 2.3% and 6.7% and Karabay et al. in 2% and 16% of the transcutaneous 

group and subcuticular group, respectively. A possible explanation is the limited wound 

drainage caused by subcuticular sutures and bacterial adhesion to the suture and 

transfer of these bacteria to the superficial layers of the skin [10].

The most common location of wound infections is the cranial one-third of the scar, 

where the knot of the subcuticular suture is placed. This knot may cause an enhanced 

inflammatory response with a greater chance of developing an infection than in 

other parts of the wound, especially in young children with a relatively thin dermis 

and subcutaneous layer. Compromised wound healing due to suture-knots may also 

be responsible for the non-significant, broader cranial parts of the scars we found in 

the group closed with subcuticular sutures. Other studies comparing Steri-StripTM S 

with other wound closure techniques either had no wound problems like infections or 

dehiscence at all [7,11,16,17] or the complication rates did not differ significantly between 

both types of wound closure [8,14,15,18].

Although our study is the first to compare a running subcuticular suture with Steri-

StripTM S after median sternotomy incisions in children, we used a validated scar 

assessment instrument and a long follow-up period, there are some limitations. One 

of them is the relatively small study population, which might not have allowed for 

detection of differences between both techniques. Another point is the retrospective 

aspect of the study. Besides that, there was a risk of observer bias, since the leading 

investigator was not blinded for the type of wound closure technique used.

We conclude that, according to the results in our small patient group, there are no 

significant differences in wound healing, wound problems and development of 

hypertrophic scars between the different closure techniques used in median sternotomy 

incisions in children. However, significant differences do exist between both wound 

closure techniques regarding scar formation and final cosmetic results of the scars, in 

favor of the subcuticular suture. For the future, we advise a larger prospective study, 

but also with a long follow up time (>4 years).
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ABSTRACT 

BACKGROUND 

A scar is tissue that is formed during the wound healing process. Sometimes wound 

healing can result in excessive scarring such as hypertrophic scars or keloids. In this 

study we want to investigate if age has an influence on scar healing. Little is known 

about this topic, but knowledge of the influence of age on healing and scarring might 

guide patients and physicians in their decision of timing of a surgery, if the kind of 

surgery allows this.

OBJECTIVE 

To see if age has an influence on scar formation, we compared 53 sternotomy scars in 

children with 52 sternotomy scars in adults. 

METHODS 

This study is a retrospective cohort study at the department of plastic, reconstructive, 

and hand surgery of the Amsterdam Universities Medical Center. All patients underwent 

cardiothoracic surgery through a median sternotomy incision. The scars were scored 

with the Patient and Observer Scar Assessment Scale (POSAS) as primary outcome 

measure. As secondary outcome measures we looked at wound healing problems and 

scar measurements. The level of significance was set at p≤0.05. 

RESULTS 

Pliability as assessed by the POSAS observers showed to be significantly stiffer in children 

than adults (p=0.022). Adults scored the amount of pain in the scar significantly higher 

than children (p=0.025). There was no significant difference for the other POSAS patient 

and observer items, the total scores and overall opinions of the scar, the number of 

wound problems, and the scar measurements between the two groups. We found a 

total of 14.3% hypertrophic and keloid sternotomy scars in children and adults. 

CONCLUSION 

In our study we found no significant difference in wound problems and the development 

of hypertrophic scars in median sternotomy scars between children and adults. When 

looking at the POSAS, only the item pliability differed significantly between the two 

groups in favor of adults. The overall scores in the patient and observer group were not 

significantly different.
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INTRODUCTION

Scar tissue is formed during wound healing after skin damage. Wound healing consists 

of four phases: hemostasis, inflammation, proliferative, and remodeling phase.(1) Wound 

healing can sometimes result in excessive scarring such as hypertrophic scars or 

keloids. Hypertrophic scars are defined as scars that are raised above skin level and 

are confined to the margins of the original wound.(2) These scars are often elevated, 

red and can give complaints of itching and pain. They can be aesthetically disturbing. 

The exact mechanism of hypertrophic scar formation is unknown. Risk and protective 

factors for the formation of hypertrophic scars are seen in Table 1.(1) Keloid scars are 

typically growing beyond the borders of the original wound.(3) From previous studies we 

know that age has an influence on the different stages of wound healing. The activation 

and concentration of inflammatory cells differs at different ages.(4-9) Different growth 

factors are involved in the proliferation phase of adults compared to children.(8, 10-15) In 

the remodeling phase children have more type III collagen, while adults have more type 

I collagen. The collagen is arranged differently between children and adults.(4, 8, 9, 16)

Extensive research is done in the wound healing field. Many studies focus on the risk 

factors for hypertrophic and keloid scarring and the influence of age on these various 

factors. No study could be found that compares the actual scars of different age 

groups to look at the clinical impact of age on scarring. A general assumption seems to 

be that adults make better scars than children. As a result, surgeries of young children 

are sometimes postponed. In this study we want to see if age has an influence on scar 

healing. Since sternotomy wounds are made in a similar way in children and adults we 

compared the sternotomy scars of children to those of adults. 

Knowledge of the influence of age on healing and scarring can give opportunities to 

intervene in the wound healing process to minimize scarring. It could guide patients in 

their decision when to revise a scar. It could also lead patients and physicians in their 

decision of the timing of a surgery, if the kinds of surgery allows this (e.g. scar revision 

surgery). 

MATERIALS AND METHODS 

STUDY DESIGN 

This study is a retrospective cohort study at the department of plastic, reconstructive, 

and hand surgery of the Amsterdam Universities Medical Center (Amsterdam UMC), 

location Academic Medical Center (AMC). The median sternotomy scars of children 
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and adults were compared. Written consent was provided by adult patients, children 

or parents of the children. The study protocol was approved by the Medical Ethical 

Committee (METc). 

PATIENT ENROLLMENT

The patients were collected through the department of cardiothoracic surgery of the 

Amsterdam UMC. All patients were asked to visit the outpatient clinic of the department 

of plastic, reconstructive, and hand surgery of the Amsterdam UMC once for the 

assessment of the scar and to fill in the questionnaires. 

OPERATIVE TECHNIQUE

The patients all underwent cardiothoracic surgery through a median sternotomy 

incision. The incision and closing of the surgical wounds were performed by a group 

of cardiothoracic surgeons who used comparable techniques. An incision is made in 

the median of the sternum. At the end of the surgery the sternum is closed with steel 

wires. The skin is closed in two layers; first a layer of absorbable subcutaneous 2-0 

or 3-0 absorbable synthetic braided sutures (Vicryl, Ethicon,Inc., Somerville, NJ, USA) 

and then a layer of absorbable subcuticular 4-0 absorbable synthetic monofilament 

sutures (Monocryl, Ethicon,Inc), with both knots of the suture embedded superficially 

under the skin (Aberdeen hitch knot). 

INCLUSION CRITERIA 

Men and women were included. We defined children as aged between 0 and 17 years 

old and adults as 18 years and older. All patients had to be at least one year after surgery 

at time of investigation. Patients with primary median incisions or secondary incisions 

with total excision of the existing scar were included. The surgeries of the children took 

place between 1996 and 2013, the surgeries of the adults between 2006 and 2016. 

EXCLUSION CRITERIA 

Exclusion criteria were patients with connective tissue disorders, patients with 

secondary incisions or more (where the scar was not excised) and patients with an 

operation date less than a year ago. Patients who underwent cardiothoracic surgery 

via a different type of incision than the median sternotomy approach were excluded. 

OUTCOME MEASURES 

The scars were scored with the Patient and Observer Scar Assessment Scale (POSAS) as 

primary outcome measure.(18) The lower the score, the better the scar. The parents of 

the children completed the Patient scale if the children were unable to do so. 
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A wound problem questionnaire was used as secondary outcome measure. It was 

created by the Clinical Research Unit (CRU) at the Amsterdam UMC. The patients were 

asked about any wound problems following surgery, the timing of the problem, type 

of problem (infection, hematoma, dehiscence), which part of the scar was involved, 

readmission to the hospital, and reoperation.

Another secondary outcome measure is the dimensions of the sternotomy scar. Five 

items were measured: length, width cranial, width middle, width caudal, and height. 

These measurements were compared between the two groups, except for the length of 

the scar (since in children the length of the scar is by definition shorter). All scars were 

measured in millimeter (mm) with the use of a measuring tape. A standard photograph 

of the scar was taken. Hypertrophic scars were defined as raised 1 mm above skin level 

while remaining within the borders of the original lesion. Keloid scars were defined as 

raised 1 mm above skin level and extending beyond the borders of the original lesion.(3) 

In order to ensure that the results of this study are as little as possible influenced by the 

already known risk and protective factors for hypertrophic scarring (Table 1), the patients 

were questioned about co-existing diseases, scar treatment, allergies, medication, 

length, weight, cup size (females) and smoking. Their skin type was classified with the 

Fitzpatrick scale I to VI.

STATISTICAL ANALYSIS

All calculations were performed using Statistical Package for the Social Sciences (IBM 

SPSS Statistics for Windows; version 24). The level of significance was set at p≤0.05. 

Table 1. Risk and protective factors for hypertrophic scar tissue

Risk Factors Protective factors

-Body mass index

-Ethnic background: African, Asian 

-Infection

-Allergies

-Factors influencing erythropoiesis: proton pump inhibitors, folic acid 

antagonists, erythropoietin

-Age

-Medication: ACE inhibitors, antihypertensive therapeutics, statins, 

chemotherapy

-Smoking

ACE: angiotensin-converting-enzyme
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RESULTS

BASELINE CHARACTERISTICS 

105 patients were enrolled in this study. These patients were divided in two groups. 

The baseline characteristics are outlined in Table 2. Group 1 contained 53 children. The 

group consisted of 27 males and 26 females. The median age at surgery was 2 years 

old, interquartile range (IQR) 0.0 – 4.0, with a range from 0 to 13 years old. The median 

age of the scar was 8 years, IQR 5.5 – 9.0, with a range from 2 to 21 years. 

Group 2 contained 52 adults. The group consisted of 34 males and 18 females. The 

median age at surgery was 46.5 years old, IQR 30.3 - 55.5, with a range from 18 to 71 years 

old. The median age of the scar was 4 years, IQR 2.0 – 7.0, with a range from 1 to 11 years. 

Table 2. Baseline characteristics of study population

Characteristics Group 1: children Group 2: adults

Patients, No. (%) 53 (50.5) 52 (49.5)

Gender, No. (%)

Male

Female

27 (50.9)

26 (49.1)

34 (65.4)

18 (34.6)

Age at surgery in years, median (IQR) 2.0 (0.0-4.0) 46.5 (30.3-55.5)

Scar age at visit in years, median (IQR) 8.0 (5.5-9.0) 4.0 (2.0-7.0)

No.: number. IQR: interquartile range. 

PRIMARY OUTCOME MEASURE: POSAS PATIENT SCALE

There is a significant difference between the two groups for the amount of pain in the 

scar scored by the patient. This item was given higher scores by adults than children 

(p=0.025). There is no significant difference between the two groups for the other 

POSAS items (itchiness, color, stiffness, thickness, and irregularity), the total score 

of the scar and the overall opinion of the scar scored by the patient. The median, 

interquartile range and p-value of the different POSAS items, total score and overall 

opinion of the scar are given in Table 3. 

PRIMARY OUTCOME MEASURE: POSAS OBSERVER SCALE

There is a significant difference between the two groups in pliability of the scar scored 

by the observer. The POSAS item pliability of the scars of the children was assessed 

higher, thus stiffer, than in adults (p=0.022). There is no significant difference between 

the two groups for the other POSAS items (vascularization, pigmentation, thickness, 

relief, and surface), the total score of the scar and the overall opinion of the scar scored 

by observer. The median, interquartile range and p-value of the different POSAS items, 

total score and overall opinion of the scar are given in Table 3. 
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Table 3. Primary outcome measure: POSAS scores

Outcome measure Group 1: children Group 2: adults p-value* 

Patients, No. (%) 53 (50.5) 52 (49.5)

POSAS observer part, median IQR)

Vascularization

Pigmentation 

Thickness 

Relief 

Pliability

Surface 

Total score

Overall opinion

2.0 (2.0-3.0)

2.0 (2.0-3.0)

2.0 (1.0-2.0)

2.0 (1.0-2.0)

2.0 (2.0-3.0)

2.0 (2.0-3.0)

13.0 (10.0-16.0)

2.0 (2.0-3.0)

2.0 (1.0-3.0)

2.0 (2.0-3.0)

1.0 (1.0-2.0)

2.0 (1.0-3.0)

2.0 (1.0-2.8)

2.0 (2.0-3.0)

12.0 (9.0-16.0)

3.0 (2.0-3.8)

0.353

0.157

0.671

0.659

0.022

0.732

0.595

0.162

POSAS patient part, median (IQR)

Pain 

Itchiness

Color

Stiffness

Thickness

Irregularity 

Total score

Overall opinion 

1.0 (1.0-1.0)

1.0 (1.0-1.0)

3.0 (2.0-5.0)

3.0 (2.0-4.0)

3.0 (1.0-4.0)

2.0 (1.0-3.0)

13.0 (10.0-18.5)

3.0 (1.5-4.0)

1.0 (1.0-1.0)

1.0 (1.0-2.0)

3.0 (2.0-5.0)

3.0 (1.0-4.0)

2.0 (1.0-7.0)

2.0 (1.0-5.8)

13.0 (9.0-25.3)

2.5 (1.0-6.0)

0.025

0.111

0.642

0.247

0.760

0.091

0.531

0.940

No.: number. IQR: interquartile range. *: Mann-Whitney U test. 

SECONDARY OUTCOME MEASURE: WOUND PROBLEM QUESTIONNAIRE

There is no significant difference between children and adults in the occurrence of 

wound problems post-surgery (Table 4). 

Table 4. Occurrence of wound problems post-surgery

Outcome measure Group 1: children Group 2: adults p-value*

Patients, No. (%) 53 (50.5) 52 (49.5)

Wound problem, No. (%)

Infection

Hematoma

Dehiscence

Other 

7 (13.2)

6 (85.7)

0

0

1 (14.3)

10 (19.2)

4 (40)

0

2 (20)

4 (40)

0.402

Time of occurrence of the problem, No. (%)

Within 1 week post-surgery 

Between 1-2 weeks post-surgery 

After 2 weeks post-surgery 

2 (28.6)

1 (14.3)

4 (57.1)

5 (50)

2 (10)

3 (30)

Location of problem, No. (%)

Cranial 

Middle

Caudal 

Whole scar

6 (85.7)

0

1 (14.3)

0

5 (50)

1 (10)

0 

4 (40)

Readmitted to hospital, No. (%) 0 4 (40)

Reoperation, No. (%) 0 2 (20)

No.: number. *: Chi-squared test. 
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SECONDARY OUTCOME MEASURE: SCAR MEASUREMENTS 

There is no significant difference in scar measurements between children and adults 

(Table 5). In children we found three hypertrophic scars and two keloid scars. In adults 

we found seven hypertrophic scars en three keloid scars. For both groups together that 

is a percentage of 14.3 hypertrophic and keloid scars. There is no significant difference 

in the amount of hypertrophic and keloid scars between the two groups. 

KNOWN RISK AND PROTECTIVE FACTORS 

Patients with Fitzpatrick skin type I and IV-VI scored significantly higher, thus worse, 

in their overall opinion of the scar (p=0.024) than patients with skin type II and III. 

Observer and patient assessed the overall opinion of the scar significantly higher 

(worse) in people who had gone through wound problems (respectively p=0.020 and 

p=0.007) than those who had not. We found no significant differences in the primary 

outcome measure between men and women, cup size A-C and D-G, smokers and 

non-smokers, BMI<25 and BMI>25, allergies and no allergies, and scar treatment and 

no scar treatment (Table 6-7). 

Table 5. Scar measurements

Outcome measure Group 1: children Group 2: adults p-value*

Patients, No. (%) 53 (50.5) 52 (49.5)

Scar width in mm, median (IQR)

Cranial

Middle

Caudal

7.0 (5.0-10.0)

5.0 (3.0-9.0)

5.0 (3.0-8.5)

6.0 (1.0-12.8)

3.0 (2.0-10.0)

4.0 (2.0-10.0)

0.391

0.153

0.340

Scar height in mm, median (IQR)

Hypertrophic/keloid scars, No. (%)

0.0 (0.0-0.0)

5 (9.4)

0.0 (0.0-0.0)

10 (19.2)

0.166

0.153

No.: number. mm: millimeter. IQR: interquartile range. *: Mann-Whitney U test. 

Table 6. General questionnaire outcome

Outcome measure Group 1: children Group 2: adults

Patients, No. (%) 53 (50.5) 52 (49.5)

Gender, No. (%)

Male

Female

Cup size A

Cup size B

Cup size C

Cup size D

Cup size E

Cup size F

Cup size G

27 (50.9)

26 (49.1)

34 (65.4)

18 (34.6)

3 (16.7)

4 (22.2)

5 (27.8)

2 (11.1)

2 (11.1)

0 

2 (11.1)
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Table 6 continued.
Outcome measure Group 1: children Group 2: adults

Smoking, No. (%) 

Yes

No

0

53 (100)

4 (7.7)

48 (92.3)

BMI, No. (%)

<18.5

18.5-25 

>25 

- 

10 (19.2)

26 (50.0)

16 (30.8)

Allergies, No. (%)

Yes

No

0

53 (100)

12 (23.1)

40 (76.9)

Skin type, No. (%)

I

II-III

IV-VI

0

53 (100)

0

1 (1.9)

45 (86.5)

6 (11.5)

Scar treatment, No. (%)

Yes

No

0

53 (100)

2 (3.8)

50 (96.2)

No.: number 

Table 7. Influence of risk and protective factors on primary outcome measure 

Risk or protective factor POSAS observer

Total score

POSAS observer

Overall opinion

POSAS patient

Total score

POSAS patient 

Overall opinion

Gender, median (IQR)

Male

Female

p-value*

12.5 (9.0-18.0)

11.5 (9.0-14.0)

0.226

3.0 (2.0-4.0)

2.0 (2.0-3.0)

0.150

13.5 (9.0-26.0)

13.0 (10.8-18.5)

0.916

3.0 (1.0-6.0)

2.0 (1.0-6.3)

0.922

Cup size, median (IQR)

A-C 

D-G

p-value*

11.5 (9.0-13.0)

12.5 (8.5-18.0)

0.571

2.0 (2.0-3.0)

2.5 (2.0-4.3)

0.400

12.5 (10.3-17.3)

14.5 (11.3-32.0)

0.372

2.0 (1.0-5.3)

2.5 (1.8-8.5)

0.415

Smoking, median (IQR)

Yes

No

p-value*

9.0 (8.3-15.0)

12.0 (9.3-16.0)

0.178

2.0 (2.0-3.5)

3.0 (2.0-3.8)

0.349

11.5 (8.8-27.0)

13.0 (9.0-25.3)

0.731

2.5 (1.3-6.8)

2.5 (1.0-6.0)

0.930

BMI, median (IQR)

<25

>25

p-value*

12.0 (9.0-14.0)

13.5 (9.3-20.3)

0.198

2.0 (2.0-3.0)

3.0 (2.0-4.8)

0.082

13.0 (9.0-20.0)

12.0 (9.5-29.0)

0.804

2.0 (1.0-3.0)

4.0 (1.3-7.0)

0.224

Allergies, median (IQR)

Yes

No

p-value*

13.5 (11.3-16.0)

12.0 (9.0-16.3)

0.400

3.0 (2.0-3.0)

3.0 (2.0-4.0)

0.972

12.5 (11.0-28.3)

13.0 (9.0-24.5)

0.828

2.5 (2.0-6.8)

2.5 (1.0-5.8)

0.572

Skin type, median (IQR)

II-III

I, IV-VI 

p-value*

12.0 (9.0-15.0)

14.0 (11.0-18.0) 

0.169

2.0 (2.0-3.0)

3.0 (3.0-4.0) 

0.086

12.0 (9.0-21.5)

18.0 (12.0-32.0) 

0.183

2.0 (1.0-4.0)

7.0 (3.0-8.0) 

0.024

Scar treatment, median (IQR)

Yes

No

p-value*

12.0 (9.0-17.5)

12.0 (9.0-14.0)

0.663

3.0 (2.0-4.0)

3.0 (2.0-3.0)

0.693

20.0 (13.5-28.0)

11.0 (9.0-19.0)

0.300

3.0 (2.0-7.0)

2.0 (1.0-5.0)

0.094
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Table 7 continued.
Risk or protective factor POSAS observer

Total score

POSAS observer

Overall opinion

POSAS patient

Total score

POSAS patient 

Overall opinion

Wound problem, median (IQR)

Yes

No

p-value*

16.5 (10.5-22.8)

12.0 (9.0-14.0)

0.112

3.5 (2.8-6.0)

2.0 (2.0-3.0)

0.020

22.0 (11.5-33.5)

12.0 (9.0-20.0)

0.077

6.0 (3.0-8.0)

2.0 (1.0-3.5)

0.007

IQR: interquartile range. *: Mann-Whitney U test

DISCUSSION 

Age at creation of a sternotomy wound does not seem to influence the scar outcome. 

This is contrary to what is often the fear of a parent of a child who needs surgery early 

in life. Comparing scars remains difficult. There are many factors that can influence 

scar formation. We standardized the location (only sternotomy wounds) and tried to 

rule out as many other confounding factors as possible. 

The time after surgery to judge a scar is also debatable. We found that scars have the 

tendency to change, even years after they are made. In literature the assumption is 

frequently made that a scar is mature after a year. In our opinion a year is too short a 

period to make statements. A lot of our patients noticed remarkable changes in their 

scars up until 5 years after their last surgery.

Some children and adults were surprisingly pleased with the appearance of their scar, 

even if it was very noticeable. This could be explained by the life-saving aspect of the 

surgery, what made the appearance of the scar less relevant. For most of the children 

the scar has always been there. On the other hand, some patients (both children and 

adults) scored the scar as worst scar imaginable while the observer gave a considerable 

lower score. During the outpatient clinic visit, the patients indicated that the location of 

the scar is a disturbing factor. The highest POSAS scores were given on deviating color, 

both by the patients and the observers. The observers also scored high on surface area. 

The patients scored their scar higher than the observers in the overall opinion and the 

total score of the scar.

The cranial parts of the scars of most patients were generally broader in contrast to 

the middle and caudal parts. In children the saliva from drooling or vomit could have 

caused the cranial part to get moist, what could have compromised wound healing. 

Eleven of the 17 wound problems in both groups were located in the cranial part of 

the scar. These wound problems could have caused widening of the cranial part of the 

scar. It was generally observed that both ends of the scars of children and adults were 
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rounded and widened. This might be due to the knots of the subcuticular sutures at the 

ends of the scar, which may have caused localized inflammatory reaction what could 

have compromised proper wound healing.(19) Possibly, there is more tension at the 

ends of the scar. The reason for this may be that the subcutaneous layer is sometimes 

sutured from some distance above of the upper corner of the incision, while it might 

be better to run this suture just beyond the upper corner. 

In a large number of patients the two scars of the chest tube openings below the 

sternotomy scar were experienced as very disturbing, sometimes even more than the 

scar itself. The patients did not expect these scars in advance. A lot of these scars had 

a hypertrophic aspect. To explain this hypertrophy there are a number of hypotheses; 

perhaps it is due to the irritation of the chest tubes, or because the incision is made 

perpendicular to the skin line or because it is healed by secondary intention. 

The amount of hypertrophic and keloid scarring in this study (14.3%) is low compared 

to the known incidence of hypertrophic scarring in the presternal sternotomy scar 

(32-40%)(1, 3). This could be due to the long follow-up of this study. The mentioned 

percentages from previous studies were measured at one year after surgery. The 

assessment of the scars in this study took place at 2 to 21 years after surgery. 

The groups that we compared were relatively small, so we had to look critically at the 

influence of the following known risk and protective factors on the POSAS scores.

The influence of smoking on scarring is debatable. Through diminished macrophage 

induction smoking can cause higher amounts of postoperative complications such as 

wound infections. On the other hand, smoking leads to faster and less erythematous 

healing, because nicotine stimulates angiogenesis.(21) In the adult group in this study 

we did not find a significant difference in scar tissue formation between smokers and 

non-smokers. 

A higher BMI is correlated with hypertrophic scarring.(1) Overweight gives an extended 

inflammatory phase. The skin of overweight people is more exposed to stretch than 

the skin of thinner people, what causes proliferation and collagen deposition.(1) In this 

study we did not find a significant difference in scar tissue formation between adults 

with a BMI under 25 and above 25. There were no overweight children. 

In most studies there is no significant difference found in the incidence of excessive 

scarring between men and women.(3) A possible difference between male and female 

sternotomy scars may be explained by tension from the breasts of women. Larger cup 
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size can cause widening of the scar by increased stretch on the skin when an incorrect 

bra is used. None of the children had breast development. In this study we did not find 

a significant difference in scar tissue formation between men and women. We found 

no significant difference between cup size A-C and D-G in scar tissue formation. 

Beta-blockers, anticoagulants, angiotensin II inhibitors, calcium channel blockers, 

diuretics, and ACE inhibitors are related with less hypertrophic scarring, as well as proton 

pump inhibitors, folic acid antagonists, and erythropoietin.(1, 22) All of the patients in this 

study used (sometimes temporarily) antihypertensive drugs, statins, or anticoagulants. 

The incidence of excessive scarring can be correlated with serum immunoglobulin E 

concentrations. It is known that mast cells and histamines stimulate the formation of 

collagen by fibroblasts and thereby can cause hypertrophic scarring.(3) Twelve adults 

suffered from allergies (allergic rhinitis, medication, food, cat and dust mite allergy). 

None of the children suffered from allergies. In this study we did not find a significant 

difference in scar tissue formation between adults suffering from allergies and adults 

not suffering from allergies. 

 

People with Fitzpatrick skin type I and type IV-VI have a higher risk of developing keloids 

and hypertrophic scars.(1). In this study we found a significant difference in the overall 

opinion of the scar given by patient between Fitzpatrick skin type II or III and I, IV-VI. 

The latter scored their scars higher, thus worse. 

Two adults received scar treatment. Their scores may be more favorable compared 

to their original scar. None of the children received scar treatment. We did not find a 

significant difference in scar outcome between adults who received scar treatment 

and adults who did not. 

Wound problems can have negative influence on scar formation and can cause 

hypertrophic scarring.(1) The patients and the observers scored significantly higher 

(worse) in the overall opinion of the scar when there had been a wound problem post-

surgery compared to no wound problem. None of the patients suffered from diabetes 

mellitus or other diseases influencing wound healing. 

A limitation of the study is the retrospective design. The median age of the scars of the 

children was higher (eight years) than the scars of the adults (four years). This could 

have caused higher scores in the POSAS for the adults, since a hypertrophic scar can 

take several years to go in regression.(20)
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This long period after surgery is also a strength of the study (minimum of two years 

follow up). All patients had an uniform sternotomy wound made. All scar assessments 

were based on real life evaluation rather than on photographs, what allowed for subtle 

nuances to be detected. To our best knowledge this is the first study that compares 

scars of children and adults to specifically look at the clinical impact of age on scar 

tissue. In order to detect even more reliable and possibly significant differences 

between children and adults, more patients should be enrolled in future prospective 

studies. 

For now we can conclude that there is no significant difference in the actual scar 

outcome between children and adults in the sternotomy scar. If we extend these results 

to other scars, the timing of surgeries should not depend on the age of a patient.
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LIST OF ABBREVIATIONS

•	 ACE  angiotensin-converting-enzyme

•	 AMC academic medical center (Amsterdam)

•	 BMI  body mass index

•	 CRU clinical research unit

•	 Fm  fibromodulin

•	 IL-6  interleukin 6

•	 IL-8  interleukin 8 

•	 IL-10 interleukin 10 

•	 IQR  interquartile range

•	 POSAS patient and observer scar assessment scale

•	 SPSS statistical package for the social sciences 

•	 TGF-β transforming growth factor beta 

•	 UMC universities medical center 
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DISCUSSION

This thesis aims to improve subjective scar evaluation and to achieve a better 

understanding of scars and their specific treatment options. 

SCAR EVALUATION

Scar assessment scales are important to evaluate the effectiveness of scar treatments 

and can be used to monitor patients over time. They are also mandatory for research 

purposes. Scar outcome measurements can be either subjective (scar assessment 

scales) or objective (measurement devices). 

Many objective measurement devices are available to evaluate skin and scar color[1], 

thickness[2], surface area[3, 4], vascularity[5] and surface texture.[6, 7] 

Subjective scar assessment scales are considered to be clinically useful because they 

are quick and easy to use, noninvasive, and evaluate multiple scar characteristics. The 

viewpoint of the patient can be incorporated into a patient-reported scar scale. This 

feature is significative, as standardized measurements and registration of medical 

treatment outcome are important indicators of the quality of medical care. Treatment 

results can only be compared in studies if the results are standardized.

The POSAS was developed in 2004 [8], and in 2005 we developed the second version 

of the POSAS [9] by adding an extra item, i.e. surface area. This second version was 

tested on linear scars and it proved to be reliable for the rating of linear scars with 

good internal consistency and agreement (this thesis). This version has been translated 

into multiple languages and is now used worldwide for scar evaluation. However, 

since knowledge and science are continuously evolving, further improvement of the 

POSAS is crucial and for this reason, project POSAS 3.0 was initiated in May 2017. 

Clinicians, users, developers, methodologists and patients are now being involved in 

the development of the third version of the POSAS. By including a broad range of 

experts from many countries in its development, we hope that the POSAS 3.0 will 

become an even more widely-supported scar assessment scale. The patient scale will 

be developed using focus group interviews in the Netherlands and in Australia. The 

Observer scale will be developed using an international Delphi study. The POSAS 3.0 is 

expected at the beginning of 2020, after which time it will need to be tested on a larger 

scale to determine its clinimetric quality.

In the future, the ideal assessment of scars should include both the objective and 

subjective aspects of scars as well as an assessment of the functional limitations. This 
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scar assessment should be easy to obtain, painless, noninvasive and inexpensive. It 

should be easy to replicate and be able to capture the changes in the scar and its 

effects over time. [10]

Objective measurement devices provide solid quantitative analyses of scar 

characteristics. However, they are often time-consuming and costly, making them 

difficult to justify in the absence of definitive clinical and research evidence. Many new 

technologies have been developed for non-medical uses, but little to no input has been 

sought from clinicians or patients during the design process, raising questions about 

practical clinical use and effectiveness.[7] They are also focused on the measurement of 

a single parameter of scarring, thus further limiting their utility. 

Subjective scar assessment scales are considered to be clinically useful because 

they are quick and easy to use, noninvasive, and capable of evaluating multiple scar 

characteristics. They are usually free and easily accessible. Shared decision-making 

is increasingly being viewed as a key part of the ideal treatment approach. [11] This is 

promoted by incorporating the patient’s perspective into the scar scale. A patient’s 

own view of the scar can be very influential in determining the patient’s quality of life, 

irrespective of the actual physical characteristics of the scar. Although the subjective 

scales are sometimes criticized for their individual nature, patient input is increasingly 

important in planning treatment.

Taking this into account, the POSAS should definitely be part of future scar assessment. 

Apart from scar assessment scales we are seeing the development of Patient Reported 

Outcome (PRO) scales such as the SCAR-Q and the FACE-Q. [12] The SCAR -Q consists 

of three subscales that measure scar appearance, scar impact and psychosocial impact. 

We think that although the SCAR-Q could compliment the use of scar assessment 

scales, it cannot be used as an alternative. The SCAR-Q measures the quality of life 

of patients with scars, but does not measure the outcome of the scar itself and is not 

specific enough about scar quality.

TREATMENT OF KELOID SCARS

Due to ever-evolving treatment methodologies, there are many different treatment 

options for keloids and they remain subject to change. Excessive scar tissue has been 

described since approximately 1700BC [13], but even today no treatment modality exists 

that can completely and permanently remove keloids. In addition, no methodology has 

emerged as the ‘gold standard’.

Keloids result in cosmetic deformities, and can cause physical symptoms such as 
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itching, stiffness, pain and scar contracture. Both our study and the previous POSAS 

study showed that itching is one of the most disturbing issues for a patient. [8] On 

the various health-related quality of life instruments that they used in keloid patients, 

Bijlard et al also found that pain and itch scores to be the most important predictors of 

burden [14, 15]. Effective treatment can improve quality of life substantially.

The available literature proposes many different treatment modalities: silicone gels, 

retinoic acid, onion extract, occlusive dressings, pressure therapy, intralesional 

corticosteroid injections, cryotherapy, surgical excision, a range of radiotherapy and 

brachytherapy treatments, Botulinum Toxin Type A injections, triamcinolone injections, 

5-FU injections, Bleomycin injections, interferon injections, imiquimod, Tacrolimus, 

Doxorubicin, TGF-beta, Verapamil, Tamoxifen, a variety of laser treatments, skin tension 

offloading device and combination therapies.

In 2002, the International Advisory Panel on Scar Management produced clinical 

guidelines to streamline the treatment of keloids. [16] These guidelines follow a stepped 

approach from conservative, noninvasive treatment to surgical treatment followed by 

adjuvant therapy.

In our search for an effective treatment for the major therapy-resistant keloids we 

encountered at our clinic, we followed international clinical guidelines and treated the 

recurrent keloids with extralesional excision followed by post-operative radiotherapy 

(1200 cGY in 3-4 fractions). Post-operative radiation treatment is thought to prevent 

recurrence by inducing fibroblastic apoptosis as well as imparting toxicity to endothelial 

cells. The main drawback is the inevitable coverage of healthy tissue in the irradiation 

field.

The results were evaluated by means of the POSAS with a minimum follow-up of 

12 months. Our recurrence rate of 71.9% is higher than in most reported series and 

therefore we were reluctant to continue this treatment for our patients.

This high recurrence rate might be explained by our strict inclusion criteria and the 

strict definition of a keloid that we used. In this we excluded hypertrophic scars that 

have better prognostic factors. We also defined a recurrence as an elevation of the 

scar, extending beyond the original surgical field, while many other studies have 

failed to do so. We had a mean follow-up period of 19 ± 8.2 months, which is long 

relative to the literature. Van Leeuwen reported a mean scar recurrence as a mean of 

15 months post-treatment with a maximum range of 36 months.[17] This means a lot 

of recurrences would be missed in a follow-up period of 12 months or less. There is 
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a great variation in the follow-up of other studies and a short follow-up time might 

explain better outcomes.

In 2014 the International Advisory Panel on Scar Management published an update 

to their clinical recommendations on scar management in which they advocated a 

move towards more aggressive initial management of keloids.[18] There is a tendency 

to use interstitial brachytherapy rather than external beam radiotherapy. The same 

therapeutic effect can be achieved with a lower dose with less exposure of the 

surrounding healthy skin to radiation.[19, 20] Previous research has shown that high dose 

brachytherapy (HDR) gives favorable results compared with external radiation or low-

dose rate (LDR) brachytherapy. Further research is needed to establish the role of the 

varying brachytherapy regimens in scar management protocols worldwide. Recently 

it has been proven that a low radiation schedule of 2 x 6 Gy performs well in terms of 

recurrence and that it reduces complication rates.[21]

In 2007 we also started to use HDR brachytherapy, i.e. 1 x13 Gy within 2 hours after 

excision, the success rate of which was better than treatment with external beam 

radiation (76% local control).[22]

THE FUTURE

However, many questions remain to be answered. For the future treatment of therapy-

resistant keloids we advise more collaboration and larger multicenter prospective trials. 

In the Netherlands this should be via the new research network ‘the Scientific Dome of 

the NVPC (Wetenschappelijke koepel van de NVPC, WKNVPC)’. In this, the goal should 

be to avoid as many confounding variables as possible.

 

The following considerations should be taken into account:

 - Keloid scarring should be strictly defined (clinical recommendations on scar 

management)

 - Keloid recurrence should be strictly defined (elevation of the scar, scar extending 

beyond the surgical field) *

 - Keloid scarring should be confirmed by histological examination

 - There should be a follow-up period of at least 2 years after treatment to evaluate 

the results

 - The number and size of keloids should be documented

 - The skin color of the patient should be noted (Fitzpatrick scale)

 - Keloid scarring should be evaluated using the POSAS, HRQL questionnaires and 
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preferably an objective evaluation tool

 - Keloids must be evaluated per anatomical area (e.g. ear, shoulder) 

 - Dosage schedule and fractionation should be described accurately

 - A standardized technique should be used for keloid excision (if done) and wound 

closure and post-operative wound infections should be recorded.

The overall care for the patients with excessive scarring should be better organized:

•	 Prevention: Patients who we know are susceptible to pathologic scarring may 

be particularly prone to recurrence or the development of new pathologic 

scars in response to minor stimulation. They should be educated about this 

and be discouraged from undergoing unnecessary surgery or piercings. If they 

are operated on, prolonged external mechanical support using tapes/ sheets or 

garments for scar prevention is recommended. The epidermis regenerates in 7-10 

days, but the dermis may take at least 3 months to recover more than 90% of 

its normal strength. Tension reduction might prevent pathologic scarring.[23] One 

month after epithelialization silicone or steroid tape could be used.

•	 Health care pathways are the new norm worldwide. A scar pathway should be 

developed for patients with hypertrophic scars and keloids, with an incremental- 

based approach according to the clinical recommendations on scar management 

(conservative, noninvasive treatment to surgical treatment followed by adjuvant 

therapy). As suggested by Bijlard in her thesis, general practitioners, dermatologists, 

plastic surgeons, radiotherapists and general surgeons should be included in this 

pathway[24].

•	 The scar pathway should include shared decision-making in which the patient 

is counseled about his/her scar and told about all available treatment options in 

accordance with the stepped-based approach. Patient education on treatment 

goals and expected outcomes is key in reducing dissatisfaction.[25] 

*Research would benefit from a clear definition of a keloid and a recurrence. The 

definition of a keloid is clear, but the definition of recurrence is either not mentioned by 

researchers or is defined variously as: The reappearance of a symptomatic cutaneous 

tumor in all or part of the treatment area, the reappearance of keloid or persistent 

itching, an elevated scar with no itching, a growing pruritic nodular scar, the presence 

of new keloid/ raised scar which does not grow beyond boundaries of original wound, 

obvious new keloid formation or itching, a scar which is not flat, any kind of keloid 

regrowth, an elevation (even a small one) of the treatment site.[20]

The abovementioned definitions are subject to interpretation. This makes the outcomes 

of the studies difficult to compare. To obtain more reliable results I plea for an uniform 
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definition of recurrence and a direction given to the recurrence:

elevation of the scar in all or a part of the treatment area, extending beyond the 

original wound. This could be:

1. Less severe than the original keloid

2. The same as the original keloid

3. More severe than the original keloid

An alternative to a definition of a recurrence is not to talk about recurrence, but to 

measure improvement. Pre- and post-treatment total POSAS scores could be compared. 

Even then it is difficult to assign a certain number of points (e.g. 6 points lower on the 

POSAS score) to success or failure, because that depends on the baseline value. 

GENETIC DISORDERS AND EXCESSIVE SCAR FORMATION

A better understanding of those genetic factors responsible for raised skin scarring 

may lead to more effective treatment strategies for keloid scars.

A genetic predisposition to keloid scarring is suggested by its increased prevalence in 

certain races, increased familial clustering and increased concordance in identical twins.
[26] Aggressive keloids are more commonly associated with individuals of Afro-Caribbean 

origin rather than with individuals of northern European ancestry.[27] Multiple lesions 

are more commonly associated with families who have a strong family history of the 

disease. [28] The mode of inheritance can range from autosomal recessive[29] to autosomal 

dominant with incomplete clinical penetrance and variable expression.[30] However, no 

single disease-causing gene has been identified. Given the complexity of the disease, it is 

unlikely that a single gene is responsible for the disease. A more likely scenario involves 

the interaction of one or more genes or gene pathways and/or environmental factors with 

the culminating effect being the precipitation of dermal fibrosis. Other factors (infection, 

allergic reaction, skin tension, hormone level ) must also play a role since susceptible 

individuals do not always develop keloids following dermal trauma. [31]

 

A number of rare congenital syndromes are reported to be associated with keloids: 

RSTS, Goeminne syndrome and Ehlers Danlos syndrome type IV. A microdeletion 

affecting chromosome band 16p13.3, in which the gene coding for cAMP response 

element-binding protein (CREB)-binding protein, CREBBP, is located in the RSTS group. 

Fifty percent of these patients carry a mutation in CREBBP itself, and another 3% have a 

mutation in the gene coding for W1A-binding protein EP300, located at chromosome 

subdomain 22q13.2. [32]

Both RSTS genes CREBBP and EP300 are co-activators in the Sma and MAD-related 
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protein/ Transforming growth factor-β signaling pathway, and it has been suggested 

that this plays a role in keloid development.[33]

Since RSTS is a Mendelian disorder with a known molecular basis, we thought it offered 

us an excellent opportunity to study the pathogenesis of keloids in general. Strikingly, 

82% of the individuals we looked at in the RSTS group had more than one keloid. In 

the general population, the occurrence of multiple keloids is linked to family history. 

In our group only one relative reported a keloid, which suggests that RSTS is the main 

etiological factor in keloid formation. The keloids were all of substantial size and mainly 

located on the chest and shoulder region and on the upper back.

The main problem these patients experience is extreme itching which affects their 

lives on a daily basis. Aesthetic appearance was only a minor concern. When we asked 

the RSTS patient group gathered at the Third RSTS World Conference in 2011 what 

they thought the most important issue for further research was, their reply was the 

treatment of keloids. The daily life of this patient group is considerably influenced by 

the itching of keloids despite all other problems and complaints.

Since the molecular pathology of most cases is known, and established animal and 

in vitro molecular models exist, RSTS forms an excellent model to study the etiology 

and pathogenesis of keloids. These studies have been initiated and are currently being 

effectuated.

Continuing in the vein of syndromal diseases, we came across a group of seven patients 

whose condition resembles the diagnosis of Frontometaphyseal Dysplasia (FMD), but 

without the FLNA mutations usually seen in this condition, and with marked keloid 

formation at an unusually young age.

The clinical diagnosis FMD can be molecularly confirmed in 82% of male cases by 

finding mutations in the X-linked gene FLNA, encoding filamin A (FLNA)[34]; no keloids 

were encountered in this group of patients. The clinical and radiological findings of the 

seven patients we described are consistent with FMD . Strikingly, six of the seven were 

female, and DNA sequencing failed to show a mutation in FLNA. These findings suggest 

the possibility that this entity is caused by a de novo autosomal dominantly-acting 

mutation in a gene that has a functional relationship with FLNA.

The keloids that the group developed arose at very early age (as young as 2 years-

old) and generally appeared after surgery. They grew at locations not all typical for 

keloids such as the dorsum of the hands or the eye and were of large dimensions. They 
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were therapy-resistant and the tendency to keloid formation had sometimes prevented 

other necessary surgery. The aggressive nature of the keloids, the fact that all patients 

suffered from multiple keloids and that the keloids arose at a very early age all indicate 

some form of genetic predisposition. We hope that by describing these rare cases of 

extreme keloid formation that in the future a disease-causing gene might be identified.

PRESTERNAL SCARS

Every year in the Netherlands around 800 open heart operations are performed on 

children. These mostly require a median sternotomy approach. From our previous 

research we know that scars in the presternal area have a tendency to become 

hypertrophic or keloid-like.[35]

Since we also know that these scars are difficult to treat, we wanted to find a way 

to prevent the scar from derailing. In addition, sternal wound infection after median 

sternotomy can be a critical complication. The skin closure technique is considered 

relevant for the long-term results of scars.[36]

Traditionally, this incision is closed in two layers: one layer of subcutaneous sutures 

to decrease tension, followed by one running subcuticular suture to achieve dermal 

approximation. [37, 38] The subcuticular suture is thought to promote a localized 

inflammatory reaction which may lead to a higher rate of superficial wound infection. 

It may promote the passage of superficial bacteria to the suture and tissue under the 

skin. Adhesions here may facilitate interfilamentous diffusion and protection from 

phagocytosis, enabling infection to develop more easily. [39, 40]

For these reasons, we were looking for an alternative. A wound closure method should 

ideally be cost-effective, time-efficient, easy to perform and produce an optimal 

cosmetic result. 

Surgical tape closure is not widely used in surgery because of fear of dehiscence of the 

wound after placement. A new surgical adhesive tape is the Steri-stripTMS (3M, st. Paul, 

MN, USA). It is constructed of soft polyurethane pads coated with a hypoallergenic 

skin adhesive. It comprises two adhesive strips which are placed on either side of the 

wound edges and subsequently pulled together, after which they are fixed with multiple 

filament straps. This assures better wound edge approximation and more strength after 

fixation. In our study we compared Steri-stripTMS with subcuticular sutures.

According to the results of the patient scale of the POSAS, the patients did not see 

any difference in the way their wound was sutured. However, the observer did notice 
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a significant difference in favor of subcuticular suture in the items thickness, pliability, 

surface area and total score. The middle section of the scar was significantly narrower 

in the subcuticular group. The subcuticular group developed more wound infections, 

however these results were not significant. There were no hospital re-admissions or 

re-operations.

Surprisingly, we found few problematic scars. Our follow-up period was long and 

patients told us that their scars continued to change for years after the surgery. This led 

us to the assumption that a follow-up period of only 1 year, a period that many studies 

use to evaluate scars and scar treatment, might be too short. We advise a follow-up 

of 2 years.

We should have perhaps left the Steri-strip TMS on longer or should have replaced 

them after two weeks, as the middle section of the scar turned out to be broader in 

this patient group. The Monocryl sutures that we used retain 20-30 % of their initial 

strength after two weeks, so they probably give support to the skin for longer than the 

two weeks we left the Steri-stripS on.

We did not find any significant differences in wound healing, wound infections or 

development of hypertrophic scars between the two closure techniques. However, 

significant differences in favor of subcuticular sutures did exist between the groups in 

certain items in the POSAS observer scale (thickness, pliability, surface area and total 

score). Consequently, we would not advise the use of Steri-strip TM S as an alternative 

to subcuticular sutures. In the future, a large prospective study could be undertaken to 

test the results at different time intervals, i.e. if after two weeks the Steri-strip TM S were 

to be replaced for further two weeks. If the evaluation were to be yearly for the first 

five years, this study could also advise on the follow-up time for studies that evaluate 

scar outcomes.

The next step would then be to combine subcuticular sutures with adhesive tape in 

wound closure. 

As we encountered relatively few problematic scars in the group of children we  

evaluated, we wondered if maybe children heal better than adults. A general assumption 

made by patients is often the other way around. Parents frequently ask if it is advisable to 

postpone scar correction until the time that their child is fully grown. We know that the 

wound healing process varies depending on age. During the first 24 weeks of gestation 

wound healing in the fetus is regenerative. After this period the fetus switches into scar 

healing. The activation and concentration of inflammatory cells differ depending on 
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age, and different growth factors are involved in the proliferation phase of adults than 

in children.

By comparing the scars of children and adults we hoped to gain more knowledge about 

the influence of age on wound healing. It is hard to find a uniform scar with as few as 

possible confounding variables that could influence wound healing. There are a lot of 

risk factors and protective factors concerning the formation of hypertrophic scarring; 

these include ethnic background, body mass index, smoking, allergies, infections, and 

certain medications. Adults are exposed to more of these factors than children, and 

this had to be taken into account.

The literature states that people with Fitzpatrick skin type I and types IV-VI have a 

higher risk of developing keloids and hypertrophic scars.[41] Accordingly, we found a 

higher overall opinion POSAS score given by the patients with these skin types. The 

patient and observer scores were both significantly higher if the patient had suffered 

from a wound infection. This is also stated in the literature.[41]

A striking feature of the median sternotomy scar is that the cranial section is generally 

broader than the rest of the scar. This is also true of the caudal section but this is 

less pronounced. This may be related to tension and the subcutaneous knot of the 

Monocryl suture that may continue to cause irritation for a long time. A large number 

of patients experienced the scars left by the chest tubes as being very disturbing. These 

were located caudal to the incision and frequently healed by secondary intention when 

the tube was removed. The patients had not expected to have these scars. Once again, 

this emphasizes again the importance of patient counseling and education.

According to our study, there is no significant difference in the actual sternotomy scar 

outcome between children and adults. We took a group of patients < 18 and a group 

> 18. In our child group, the mean age of surgery was 2 years; in our adult group this 

was 46.5 years. Many smaller age-related subgroups could be made, however, a larger 

cohort is needed for this. In addition, it is hard to find a uniform scar that is made 

frequently in many different age groups without having too many confounding factors. 

Finding another, comparable scar is a challenge to start such a multicenter study for 

the future.

Many different scars were evaluated in this thesis. Patient-reported outcomes collected 

by the POSAS showed that patients have a different perception of their scar than an 

observer does. The results from the patient’s scale will probably be more subject to 

change over time than the results from the observer’s scale, depending on how a 
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patient feels, both physically and emotionally. If a patient is very bothered by a certain 

aspect of his/her scar he/she will assign it a relatively higher score than an observer who 

has no preconceived opinion about this aspect of the scar. In a professional capacity 

an observer has a more objective view, while patients only have their own scar as a 

reference. The patient’s own view of their scar can be very influential in determining 

their quality of life[9]. The SCAR-Q may compliment the POSAS Patient Scale in the 

future. 

Scars can evoke different emotions in different people. In their evaluations, the 

children with the sternotomy scars gave their scar a lower (and thus better) POSAS 

score than the observer did, even though their scars were visible and frequently caused 

symptoms. This may be associated with the life-saving aspect of their surgery. The 

patients with RSTS and FMD had major keloids and were mainly bothered by itching 

and pain, the cosmetic aspect was less important to them. Sometimes a patient may 

give an irrationally high score to a scar, while the observer scores the scar low. This 

is also related to body image, which is the inner view of one’s own appearance, and 

includes both a perceptual component (with visual and tactile contributions) and an 

attitudinal component (the sum of the attitudes towards one’s appearance).[10] Body 

image may change dramatically because of a scar. 

There is a lot of work to do in the field of scars in the future. I hope that with the 

development of the new POSAS 3.0 we have a new universal subjective scar assessment 

instrument that will be used by everyone in the field, and that in conjunction with 

objective scar assessment scales, it will play an important role in scar evaluation.
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SUMMARY

This thesis focuses on scars. It discusses various aspects of scars, including their 

assessment, pathophysiology and treatment options. The general introduction looks 

at scars and the different way people experience a scar. The basis of wound healing is 

described. If a scar derails it can become a hypertrophic or a keloid scar. The classic 

feature of a keloid is that the scar tissue progressively invades the surrounding normal 

skin, in contrast to hypertrophic scars that stay confined to the original wound area. 

Several factors that can provoke keloid scarring are given. Scar evaluation is described 

and the difference between objective and subjective scar evaluation is discussed.

Chapter 2 focuses on scar evaluation. Scar evaluation tools are necessary for an 

evidence-based approach to scar management. The Patient and Observer Scar 

Assessment Scale (POSAS) had been found to be useful in the subjective evaluation of 

burn scars. Now, we tested it on linear scars. One hundred linear scars were assessed 

by three independent observers using the POSAS. This scar assessment scale comprises 

an Observer Scale that contains the items vascularity, pigmentation, thickness, relief, 

pliability and surface area (newly added), and a Patient Scale. This scale contains six 

questions concerning pain, itching, color, pliability, thickness and relief. In addition, 

both the observer and the patient gave their overall opinion on the appearance of 

the scar. The scale proved to be reliable and to have good internal consistency and 

intra-observer reliability. This makes it an appropriate tool for the evaluation of linear 

scars. We believe that this patient scale should be an obligatory part of subjective scar 

evaluation.

In Chapter 3 the results of surgical excision and adjuvant irradiation for therapy-

resistant keloids are evaluated. Thirty-two therapy-resistant keloids in 21 patients were 

excised extralesionally and closed primarily. Within 24 hours adjuvant radiotherapy was 

started. A dose of 1200 cGy was administered in 3 or 4 fractions on equally consecutive 

postoperative days. After a mean follow-up of 19 months (range 12-35 months), the 

scars were evaluated using the POSAS. The recurrence rate was 71.9 percent. Forty-

three patients from the recurrence group thought the appearance of the new keloid 

was better and 48 percent judged their recurrence to be worse than before treatment.

This result is disappointing when compared with other studies. This can be partly 

explained by the fact that our follow-up was longer than that in other studies, and the 

strict inclusion criteria of the design of our study. On the basis of our results, we are 

reluctant to advocate the widespread use of surgical excision combined with immediate 

radiotherapy, and think it should be preserved as a last resort in therapy-resistant keloids.
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Chapter 4 describes the appearance of keloids in the Rubinstein-Taybi Syndrome. RTS 

is caused by mutations in CREBB and EP300, both co-activators in the pathway that 

has been suggested to play a key role in keloid development.

Individuals with RTS have an increased likelihood of developing keloid scars and we 

describe the clinical characteristics (by means of questionnaires and clinical evaluation) 

of keloids in the patient cohort in the Netherlands and some areas of England. In the 

Netherlands, 24% of the patients with RTS had keloids. In a literature search we found 

37 patients with RTS and keloids.

Keloid formation starts early in puberty, either spontaneously or after minor trauma, 

and treatment results are disappointing. Most patients have multiple keloids and their 

main complaint is extensive itching that affects their life on a daily basis. In future 

studies we hope to use RTS as a model to study the etiology and pathogenesis of 

keloids.

Chapter 5 describes seven patients with the major clinical and radiological features of 

frontometaphyseal dysplasia (FMD) with extensive keloid formation, but without the 

FLNA mutations that are seen in 82% of this patient group. Normally keloid formation is 

not seen in this group. The keloids originated at a young age and in some cases caused 

severe problems and prevented surgery due to the propensity to develop keloids. FLNA 

mutations are X-linked and the more severely affected patients are male. In our group 

6 patients were female and they were equally as affected as the males. We think that 

there is a de novo autosomal dominant acting mutation in a gene functionally related 

to FLNA.

In our quest to prevent keloid formation and to make the most inconspicuous scar 

possible, a retrospective study was started to compare two wound closure techniques 

in median sternotomy surgery. In Chapter 6 subcuticular sutures are compared with 

Steri-StripTMS in the closure of median sternotomy incisions in children with regard 

to wound healing and scar formation. The scars of 53 children and adolescents aged 

from 0-18 years who underwent surgery via a median sternotomy closed using one of 

these techniques, were assessed using the POSAS. The median follow-up time was 8 

years. The scars were measured and a wound problem questionnaire was completed. 

There were no significant differences in the Patient scale between the groups. In the 

Observer scale, a significant difference was seen on the items thickness, pliability, 

surface area and the total score, all in favor of the subcuticular group. Concerning the 

scar measurements: the middle sections of the scars in the Steri-Strip S group were 

wider. There was no significant difference in wound infections between the groups.
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Chapter 7 is dedicated to the effect that age has on scar formation. In our practice 

patients frequently ask if is better to have a scar correction at a certain age. No study 

could be found that compares the final results of scars created at different ages. 

Knowledge of the influence of age on healing and scarring might guide patients and 

physicians in their decision-making on timing of surgery (if the type of surgery allows 

this). 

Fifty-three median sternotomy scars in children were compared with 52 median 

sternotomy scars in adults. The median follow-up was 6 years. The closure techniques 

were identical and risk- and protective factors on scar formation were ruled out as much 

as possible. The scars were scored using the POSAS as the primary outcome measure. 

Secondarily, scar measurements were taken and a wound healing questionnaire was 

completed. 

The observers scored significantly higher on the item pliability in the child group than 

the adult group. There were no significant differences in any of the other items, either 

for wound problems or scar measurements. Strikingly, our patients stated that they 

noticed remarkable changes in their scars up to 5 years post-surgery.

Our study has shown that there is no significant difference in the actual outcome of the 

sternotomy scar between children and adults.

Chapter 8 is the general discussion. Here we describe that as knowledge and science 

are continually evolving, further improvement of the POSAS is crucial. Project POSAS 

3.0 was initiated in May 2017 and with the use of a Delphi study and focus groups 

we hope that POSAS 3.0 will be tested in 2020. In future scar assessment there will 

certainly be a place for such a subjective scale that incorporates the patient’s opinion.

In keloid treatment the postoperative radiotherapy is being replaced by brachytherapy. 

The success rates are higher than with external beam radiation. 

We make suggestions for new research projects on scar assessment and propose a 

definition of a recurrence of a keloid.

Also in this section we discuss the possible genetic predisposition to keloid scarring 

and the congenital syndromes associated with keloid scars (RTS, Goeminne, Ehlers 

Danlos type IV) and how they may play a role in the development of a keloid.

Different skin closure techniques (eg Steri-stripTMS) could provide a nicer scar. A large 
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prospective study could be undertaken to test the results at different time intervals. 

The evaluation could be done yearly for the first five years, so this study could also 

advise on the follow-up time needed for studies that evaluate scar outcomes.

To learn more about the influence of age on wound healing and scar formation, a 

large cohort is needed  wherein smaller age-related subgroups could be made. A 

uniform scar is necessary.
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SAMENVATTING

Dit proefschrift richt zich op littekens. Verschillende aspecten van litteken, hun 

beoordeling, pathofysiologie en behandelopties worden besproken.

Een algemene introductie wordt gegeven over littekens en de verschillende manieren 

waarop mensen littekens ervaren. De basisprincipes van wondgenezing worden 

besproken. Als een litteken ontregelt kan het hypertrofisch worden of een keloïd. Het 

klassieke kenmerk van een keloïd. is dat het littekenweefsel het normale omliggende 

weefsel binnendringt, in tegenstelling tot een hypertrofisch litteken dat binnen de 

grenzen van het originele wondgebied blijft. Verschillende factoren die een keloïd. 

litteken kunnen triggeren worden gegeven. 

Litteken evaluatie wordt beschreven en het verschil tussen objectieve en subjectieve 

littekenbeoordeling wordt bediscussieerd.

Hoofdstuk 2 richt zich op litteken evaluatie. Litteken evaluatie tools zijn nodig voor een 

evidence -based benadering van litteken behandeling. De Patient and Observer Scar 

Assessment Scale (POSAS) is nuttig voor de beoordeling van brandwonden littekens. 

Nu werd deze schaal ook getest op lineaire littekens. Honderd littekens zijn beoordeeld 

door 3 onafhankelijke beoordelaars door de POSAS te gebruiken. Deze schaal om 

littekens te beoordelen bestaat uit een Observer schaal die de items vasculariteit, 

pigmentatie, dikte, relief, plooibaarheid en oppervlakte (nieuw toegevoegd) bevat en 

een Patiënten schaal. Deze schaal bevat 6 vragen die van toepassing zijn op pijn, jeuk, 

kleur, plooibaarheid, dikte en reliëf. Daarbij geven zowel de Observer als de Patiënt hun 

algehele mening over het uiterlijk van het litteken.

De schaal blijkt betrouwbaar en heeft een goede interne consistency en intraobserver 

betrouwbaarheid. Dit maakt het een geschikte schaal voor de beoordeling van lineaire 

littekens. Wij geloven dat de Patiënten schaal een verplicht onderdeel van subjectieve 

litteken evaluatie zou moeten zijn.

In hoofdstuk 3 worden de resultaten van chirurgische excisie en adjuvante radiotherapie 

voor therapie-resistente keloïden zijn geëvalueerd. Tweeëndertig therapieresistente 

keloiden in 21 patiënten werden extralesionaal geëxcideerd en primair gesloten. Binnen 

24 uur werd adjuvante bestraling gegeven. Een dosis van 1200 cGY werd gegeven in 3 

of 4 fracties in evenzovele achtereenvolgende dagen. Na een gemiddelde follow up van 

19 maanden (tussen 12 en 35 maanden) werden de littekens geëvalueerd met behulp 

van de POSAS. Het recidief percentage was 71,9 procent. Drieënveertig patienten van 
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de recidief groep vonden dat hun nieuwe keloïd er beter uit zag dan voorheen en 48 

procent vond het slechter dan voor behandeling.

Deze resultaten zijn teleurstellend in vergelijking met andere onderzoeken. Dit kan deels 

worden verklaard door de lange follow up periode in vergelijking met andere studies en 

de strenge inclusie criteria in de opzet van onze studie. Op basis van de resultaten zijn 

we niet zo enthousiast om te pleiten voor wijdverspreid gebruik van de techniek van 

chirurgische excisie en post-operatieve bestraling en denken we dat het behouden zou 

moeten blijven als een laatste redmiddel voor therapie resistente keloïden.

Hoofdstuk 4 beschrijft de verschijningsvorm van keloïden in het Rubinstein-Taybi 

syndroom. RTS wordt veroorzaakt door mutaties in CREBB en EP300, allebei co-activators 

van de weg die wordt gesuggereerd een rol te spelen bij het ontstaan van keloïden.

Personen met RTS hebben een verhoogde kans op het ontwikkelen van keloïden en de 

kenmerken van keloïden (vragenlijsten en klinische evaluaties) zijn afgenomen van het 

patiënten cohort in Nederland en een deel van Engeland. In Nederland heeft 24% van 

de RTS patiënten keloïden. In een literatuur zoektocht werden 37 patiënten met RTS 

en keloïden aangetroffen.

Keloïden verschijnen vroeg in de puberteit, ofwel spontaan, of na een klein trauma 

en behandelingsresultaten zijn teleurstellend. De meeste patiënten hebben meerdere 

keloïden en hun grootste klacht is extreme jeuk die hun leven op een dagelijkse basis 

beheerst. Bij studies in de toekomst hopen we RTS te gebruiken als een model om de 

etiologie en pathogenese van keloïden te bestuderen.

In Hoofdstuk 5 worden 7 patiënten beschreven met de belangrijkste klinische en 

radiologische kenmerken van frontometaphysale dysplasie (FMD), die uitgebreide 

keloïden hebben, maar niet de zo kenmerkende FLNA mutatie die in 82% van de 

patiënten groep wordt gezien. Normaal gesproken komen keloïden niet voor in deze 

patiëntengroep. De keloïden ontstonden op jonge leeftijd en in sommige gevallen 

veroorzaakten ze dusdanige problemen dat chirurgische ingrepen niet werden 

uitgevoerd vanwege de neiging tot keloïd vorming. FLNA mutaties zijn X-gekoppeld en 

de ernstiger aangedane patiënten zijn man. In onze groep waren 6 patiënten vrouw en 

ze waren even erg aangedaan als mannelijke patiënten. Wij denken dat er een nieuw 

autosomaal dominant gen is dat functioneel gerelateerd is aan FLNA.

In onze zoektocht om keloïd formatie tegen te gaan en een zo onopvallend mogelijk 

litteken te maken hebben we een retrospectieve studie uitgevoerd om 2 wond 

sluiting technieken te evalueren bij mediane sternotomie operaties. In Hoofdstuk 6 
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worden subcutane hechtingen vergeleken met Steri-stripTMS als sluitingstechniek voor 

mediane sternotomie incisies bij kinderen waarbij gekeken wordt naar wondgenezing 

en littekenvorming. De littekens van 53 kinderen en adolescenten die een mediane 

sternotomie ondergingen in de leeftijd van 0-18 jaar, gesloten met 1 van beide 

technieken, werden vergeleken door gebruik te maken van de POSAS. De mediane 

follow up tijd was 8 jaar. Daarnaast werden de littekens opgemeten en werd er een 

wondprobleem vragenlijst ingevuld. Er bestaan geen significante verschillen tussen 

beide groepen in de Patiënten schaal. Bij de Observer schaal werd een significant 

verschil gevonden bij de items dikte, plooibaarheid, oppervlakte en totaal score, allen 

ten gunste van de subcutane groep. Wat betreft de litteken maten: de littekens in de 

Steri-strip S groep waren breder in het middelste deel. Er bestond geen significant 

verschil in aantal wondinfecties tussen de beide groepen.

Hoofdstuk 7 is gewijd aan het effect dat leeftijd heeft op littekenvorming. In onze 

praktijk vragen mensen vaak of het beter is een littekencorrectie op een bepaalde 

leeftijd te laten uitvoeren. Geen studie werd gevonden die het uiteindelijke litteken 

vergelijkt voor verschillende leeftijdsgroepen. Kennis over de invloed van leeftijd op 

genezing en littekenvorming zou patiënten en artsen kunnen sturen in hun timing van 

ingrepen (als deze dat toelaten).

Drieënvijftig mediane sternotomie littekens in kinderen werden vergeleken met 52 

mediane littekens in volwassenen. De mediane follow-up was 6 jaar. Sluitingstechnieken 

waren identiek en risico en beschermende factoren op littekenvorming werden 

zoveel mogelijk weg gelaten. De littekens werden beoordeeld met de POSAS 

als primaire uitkomstmaat. Secundair werden litteken maten genomen en een 

wondgenezingsvragenlijst werd ingevuld.

De observers scoorden significant hoger op het item plooibaarheid in de kind groep in 

vergelijking met de volwassen groep. Er bestonden geen significante verschillen voor 

de andere items, ook niet voor wond problemen of litteken afmetingen. Opvallend 

was dat de patiënten opmerkten dat ze opvallende veranderingen bemerkten in hun 

litteken tot 5 jaar post-operatief.

Op basis van deze studie zijn er geen significante verschillen in litteken uitkomst tussen 

de kind groep en de volwassenen groep bij sternotomie littekens.

Hoofdstuk 8 is de algemene discussie. Doordat kennis en wetenschap zich steeds verder 

ontwikkelen is verdere verbetering aan de POSAS cruciaal. In mei 2017 is Project POSAS 

3.0 gestart en door gebruik te maken van een Delphi studie en focus groepen hopen we 
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de POSAS 3.0 in 2020 te kunnen testen. In de toekomstige littekenbeoordeling zal er 

zeker plaats zijn voor een subjectieve schaal die de mening van de patiënt meeneemt.

Bij de behandeling van keloïden wordt de behandeling van post-operatieve bestraling 

steeds meer vervangen door brachytherapie. De succes percentages zijn hoger 

bij het gebruik van uitwendige bestraling. Wij doen suggesties voor een nieuwe 

onderzoekstraject op het gebied van litteken beoordeling en doen een voorstel voor 

een definitie van een recidief van een keloïd.

De mogelijke genetische predispositie voor het ontwikkelen van keloïden wordt 

besproken. Ook de congenitale syndromen die geassocieerd worden met keloïd 

littekens (RTS, Goeminne, Ehlers Dablos type IV) en hoe deze mogelijk een rol spelen 

in de ontwikkeling van keloïden.

Verschillende sluitingstechnieken (bv Steri-stripTMS) zouden voor een mooier litteken 

kunnen zorgen. Een grote prospectieve studie zou gedaan moeten worden waarbij de 

uitkomsten op verschillende tijdstippen gemeten kunnen worden. De evaluatie zou 

dan  de eerste vijf jaar jaarlijks gedaan kunnen worden, zodat de studie een advies zou 

kunnen geven over de  follow-up tijd die nodig is voor studies die litteken uitkomsten 

evalueren.

Om meer te leren over de invloed van leeftijd op wond genezing en litteken vorming is 

een groot cohort nodig waarin kleinere leeftijd subgroepen gemaakt kunnen worden. 

Daar is wel een uniform litteken voor nodig.
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DANKWOORD 

Het is af!!!!! En dat was zeker niet gelukt zonder onderstaande personen: 

Hooggeleerde leden van de promotiecommissie Dr. F.E. Brölmann, Prof. dr. R. 

Hoekzema, Dr. O. Lapid, Prof. dr. E. Middelkoop, Prof. dr. B.J.M. Mulder, Dr. F.B. Niessen, 

Prof. dr. C.R.N. Ranch. Dank voor jullie bereidheid zitting te nemen in de commissie.

Prof. dr. C.M.A.M. van der Horst. Lieve Chantal. Het is even geleden dat ik voor het 

eerst bij je aanklopte met de vraag om mijn keuze co-schappen op jouw afdeling te 

lopen. Dat liep over in mijn wetenschappelijke stage waarbij uiteindelijk de basis voor dit 

proefschrift is gelegd. Er was op dat moment nog geen vooropgezet plan, dat ontstond 

later toen ik werd aangenomen voor de opleiding. Bij die aanname werd namelijk wel 

een beetje verwacht dat ik zou promoveren. Gestaag werd het onderzoek voortgezet 

naast de opleiding, wat best druk was met alle examens ernaast. De compensatiedagen 

waren toen helaas nog niet ingevoerd zoals nu. Veel tijd ben ik kwijtgeraakt met het 

sternotomie onderzoek dat werd stopgezet toen we eindelijk de METC aanvraag voor 

elkaar hadden. Dat gaf mij even wat minder motivatie. De opleiding ging over in mijn 

eerste baan als plastisch chirurg, ook onder jouw leiding in het AMC en het OLVG. Bij 

deze aanname was daar weer de belofte van mij dat ik het proefschrift tot een einde 

zou brengen. Een huwelijk en drie kinderen zorgden voor nog meer vertraging. Opeens 

zelf plastisch chirurg zijn vergde ook de nodige energie en het werk ging altijd voor 

(stiekem vond ik dat ook net iets leuker…..). Maar: een vrouw een vrouw een woord een 

woord. Ondanks dat we allebei net weg zijn uit het AMC, hier is het dan! 

Dank voor de hele fijne samenwerking op de werkvloer al die jaren. Wij konden elkaar 

altijd vinden in een zelfde werkhouding en ik heb me altijd heel erg op mijn plek gevoeld 

in het AMC. Veel dank voor je geduld en begeleiding bij het onderzoek. 

Prof. dr. Paul van Zuijlen. Beste Paul, Jij kwam met het POSAS onderzoek aanzetten 

op het moment dat ik op zoek was naar een wetenschappelijke stage. Ik zocht iets 

klinisch en het sprak me meteen aan. De POSAS is een begrip geworden en inmiddels 

is de POSAS 3.0 ver in ontwikkeling. Je hebt een hele mooi plek gecreëerd op het 

brandwondencentrum met al je full time onderzoekers. Ik ben wat dat betreft een 

vreemde promovenda-eend in de bijt, omdat ik daar alleen als AIOS wel eens te vinden 

was. Ik bewonder jouw manier van onderzoek doen en je enorme enthousiasme 

hiervoor. Je hebt alle keuzes altijd bij mij gelaten (iets wat ik soms wel vervloekte…). 

Dan schreef je weer: ‘ik kan het zo even voor je opschrijven, maar het is veel leuker als 

je het zelf doet’. En dan was ik daar vervolgens weer dagen mee kwijt… Er zijn in die 

jaren best wat etentjes en koffietjes overheen gegaan, en dat was altijd gezellig! Ik kijk 
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er naar uit om bij de POSAS 3.0 betrokken te blijven en we zullen elkaar gelukkig zeker 

blijven tegenkomen. 

Prof. dr. R.C.Raoul Hennekam. Beste Raoul. Chantal bracht ons in contact omdat jij een 

patiëntengroep had (RTS patiënten) die last had van extreme keloïden en daar verder 

onderzoek naar wilde doen. Je bent een bijzonder kundig en vriendelijk persoon met 

een enorme kennis van je vak en interesse in je patiënten. Op de patiënten dagen van 

de RTS groep waar ik in Nederland en Engeland met jou ben geweest, heb ik mogen 

aanschouwen hoe jij hele families persoonlijk kende en hoe gek de patiënten op jou 

waren. Dank voor de fijne samenwerking en ik ben benieuwd wat de nog lopende 

onderzoeken op gaan leveren. 

Dr. D.R. Koolbergen. Beste Dave. Wij kwamen tot elkaar doordat jij als kinderthorax 

chirurg ook geïnteresseerd bent in littekens. Er was een heel mooi plan in samenwerking 

met het LUMC, het VUmc en de kindercardiologen. Helaas is het niet helemaal 

geworden wat we oorspronkelijk voor ogen hadden. Gelukkig hebben we nog wel 

een serie kinderen kunnen evalueren en kwamen de sternotomie littekens van pas 

toen ik littekens van verschillende leeftijden wilde vergelijken. Dank voor de fijne 

samenwerking. 

Dr. M. Kreulen. Beste Mick. Toen ik het onderzoek naar de effecten van radiotherapie 

bij de behandeling van keloïden samen met jou ging oppakken, kreeg ik eerst een 

enorme uitbrander. Ik mocht het niet in mijn hoofd halen om te stoppen of er met de 

pet naar te gooien!!! Je was echt fel en ik durfde nog maar net ja te zeggen. Dit bleek 

gebaseerd op een aantal studenten die hun onderzoek niet hadden afgerond. Nu snap 

ik hoe ontzettend irritant het is als mensen met de noorderzon verdwijnen midden in 

een onderzoek en niets meer van zich laten horen. Gelukkig is ons onderzoek in een 

publicatie geëindigd. Dank voor de altijd gezellige en fijne samenwerking ook op de 

werkvloer! 

Vera van Vuure. Lieve Vera. Jij werkte al op het secretariaat sinds ik AIOS was en ik kan 

mij het secretariaat plastische chirurgie niet zonder jou voorstellen. Een stabiele rots in 

de branding! Ik kon altijd op je rekenen en je bent geen spat veranderd zolang ik je ken. 

Dank voor je hulp in de afgelopen jaren met alle soorten vragen die zich voordeden 

maar ook voor de gezelligheid! 

Mario Montes Klaver. Beste Mario. Ook al jaren naast Vera op het secretariaat en mijn 

hulp op de poli als de Vecozo weer eens niet werkte… Mario, het was fijn samenwerken, 

dank!
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Dr. M.J.C. Smeulders. Beste Mark. Het is even geleden, maar het was toch altijd leuk 

om te gaan POSAS-en!!!!  Dank voor het altijd even willen meedenken en sparren over 

het onderzoek in al die jaren. Ik heb dat erg gewaardeerd! 

Dr. N. van Leersum. Beste Nicoline. Wat een tijd hebben we samen in het sternotomie 

project gestoken en wat jammer dat er zo weinig uit is gekomen. Aan jou heeft het 

zeker niet gelegen! Ik vond het altijd super gezellig om met je te werken. En heel 

jammer dat je geen collega bent geworden, maar volgens mij heb je uiteindelijk een 

goede keuze gemaakt! Heel gaaf wat je allemaal hebt bereikt. 

Michelle Carriere. Jij bent nu alweer tijden druk met POSAS 3.0. Leuk dat ik nog mag 

meedenken met de nieuwe ontwikkelingen. Heel veel succes met jouw afronding en 

dank voor je hulp!

Dr. J. van Rappard.  Beste Juliën. Bij jou heb ik de eerste stappen in de plastische 

chirurgie mogen zetten en je was zo aardig om me meteen een frisse duik te laten 

nemen  Dank voor de leerzame en fijne tijd in Eindhoven. De volgende keer kom ik 

zeker een handdoek vragen! 

Collega’s uit het AMC. Simon Strackee, Oren Lapid en Miryam Obdeijn. Als assistent 

en als collega heb ik mij altijd ontzettend op mijn plek gevoeld bij jullie. Wij konden 

ondanks dat we allemaal heel anders zijn het altijd goed met elkaar vinden en goed 

samenwerken. 

Simon, onderzoek heb ik niet met jou gedaan. We hebben wel veel samen geopereerd 

als assistent en als collega. Ik denk nog vaak aan je en al je uitspraken als ik opereer! Ik 

mis je wel een beetje hoor…

Oren, wij hadden een beetje dezelfde patiëntengroep in het AMC wat altijd fijn 

overleggen was. Hierdoor hebben we ook samen best wat onderzoek gedaan, alleen 

niets uit dit proefschrift! Ik kon heel fijn met je werken en kon ook enorm om je 

lachen. Ik mis dat.

Miryam, mijn roommie, ook al zagen we elkaar niet vaak op de kamer. Je bent altijd een 

goede sparring partner en heel eerlijk - en net als de anderen eigenlijk - een voorbeeld 

van hoe te promoveren tijdens je werk. 

Margriet van Doesburg, het was niet lang, wel gezellig! Een collega die ook kleine 

kinderen heeft is ook wel eens fijn. Jammer dat de samenwerking zo kort was. 
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Alle assistenten uit het AMC: dank voor alle leuke, drukke, gezellige, gekke en soms 

ook best heftige momenten. Er kan heel wat gebeuren in een assistenten tijd…. 

Collega’s uit het OLVG. Het worden er steeds meer!!! Esther Moerman, het waren 

geen rustige jaren, maar kijk waar we nu staan! Knap dat je altijd zo positief blijft! Wij 

weten intussen wel wat we aan elkaar hebben. Super fijn dat je als paranimf naast mij 

wil staan 17 april! 

Samen met Joyce Florisson, Jesse van Lieshout, Paula Roossink, Anouk Tan, Edin 

Hajder en Josien van der Meer  gaan we er wat moois van maken de komende jaren!!!

En natuurlijk dank aan Anneke en Louise en onze enorme stroom AGNIO’s, het zijn er 

inmiddels teveel om op te noemen

Pap en Mam. Liefste pap en mam, hoe fijn dat ik nu eindelijk eens op papier kan zetten 

hoe dankbaar ik jullie ben. Jullie zijn een niet aflatende steun op alle vlakken en zonder 

jullie was er nu zeker geen promotie geweest. Super veel dank voor een hele fijne basis 

waarin ik nooit druk heb gevoeld, alleen maar liefde. En nog meer dank voor alles wat 

jullie op dit moment nog dagelijks voor Rens en mij betekenen. Het is zo gek niet te 

bedenken of jullie kunnen inspringen of regelen iets. Altijd met veel gezelligheid en 

lekker eten. De kids zijn dan ook meer dan gek op jullie. Love you to the moon and 

back, op nog vele jaren!!! 

Christine. Lieve Christine, ook jij bent er altijd voor ons met al je hulp en liefde! Dat 

wordt enorm gewaardeerd en de kindjes boffen enorm met zo’n lieve oma! (en ik 

natuurlijk met zo’n schoonmoeder!!!) Veel dank voor alles.

Robbert en Lot. De beste broer en zus!!!!! Jullie zijn er altijd en wij kunnen altijd op 

elkaar rekenen, dat is super fijn. Als niet medici horen jullie al jaren mijn werkverhalen 

aan. Soms met wat meer, dan weer met wat minder enthousiasme. Ik denk dat het 

goed is dat we alle drie een andere carrière hebben gekozen. Ik ben heel trots op jullie 

beiden! 

Robbert, jij bent ook echt een suikeroom voor de kindjes. Lot en Max, hoe gezellig dat 

we bij elkaar in de straat wonen! Soms lijkt het of we samen zes kinderen hebben. 

Aangezien ik Lot al elke dag in de buurt heb, vind ik het heel erg leuk dat Robbert 17 

april als mijn paranimf naast me wil staan! 

Rens, Pien, Olle en Kaat. Lieverds, het is af!!!! Nu kan mama eindelijk haar ‘spreekbeurt’ 
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houden. Geen stemmetje meer in mijn achterhoofd dat ik ook aan mijn proefschrift 

zou kunnen zitten als we wat leuks gaan doen. Er zal vast weer iets nieuws voor in de 

plaats komen, ik vrees dat dat toch een beetje bij mijn werk hoort. Maar eerst even 

genieten dat het klaar is.

Elke dag als ik uit mijn werk kom heb ik jullie! De liefste, gekste, grappigste kindjes die 

ik had kunnen bedenken. Ik ben super trots op jullie. We gaan zeker iets leuks doen om 

dit te vieren! 

Lieve Rens, sinds ik je ken ben ik al met dit proefschrift bezig. Dank voor je super 

soepele houding altijd als ik dienst heb en bij alle onvoorspelbare momenten. Was 

ik net zo blij dat ik een niet-medicus aan de haak had geslagen, ga je opeens bij een 

medisch bedrijf werken… Nog even en je had me kunnen helpen schrijven! Dank dat je 

er bent, love you en op naar de komende mooie jaren!!!! 

Lieve Pien, mijn knutselkoningin! Dank dat je voor mij de voorkant van dit boekje wilde 

ontwerpen. Dit is zoveel leuker dan een foto van een litteken!
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1. PhD training

Year Workload

(Hours/ECTS)

General courses 

 - Basis course Law and Organization for clinical 

researchers (BROK)

 - Basiscursus stralingsbescherming 

deskundigheidsniveau 4A/M,  

Boerhaavenascholing, Amsterdam

 - Cursus statistiek

 - Cursus Epidemiologie

2017

2012

2005

2007

1.0

0.5

0.8

0,6

Specific courses 

 - Ebopras examen (European Board of plastic surgeons),    

Ebopras Fellow

 2011 3.0

Seminars, workshops and master classes

 - Weekly department seminars Amsterdam UMC

 - Weekly department seminars OLVG 

 - Journal club AMC

2007-2019

2011-2019

1.5

1.5

2.0

Presentations

 - A.L.van de Kar: Registration of Firework injuries. 

Ned Vereniging voor handchirurgie.

 - A.L.van de Kar: Handletsels  

Symposiom voor huisartsen

 - A.L. van de Kar, T. de Faber: De klap na de vuurpijl. 

Nederlandse OK-dagen, Veldhoven

 - A.L. van de Kar, L. Draaijers, F.R.H. Tempelman,  

E. Middelkoop, P.P.M. van Zuijlen: The Patient and 

Observer Scar Assessment Scale (POSAS): a reliable and 

feasible tool for the evalution of burn and linear scars. 

2nd Scar Club meeting Montpellier.

2019

2019

2017

2008
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1. PhD training

Year Workload

(Hours/ECTS)

Presentations

 - A.L.  van de Kar, G.H.C.G. Dolmans, J.H.A. van Rappard, 

M.M. Hoogbergen: De gemodificeerde Hughes lap 

voor onderooglid reconstructie. Najaarsvergadering 

Nederlandse Vereniging voor Plastische Chirurgie

2007

  

 - A.L. van de Kar, M. Kreulen, P.P.M. van Zuijlen: De 

resultaten van chirurgische excisie en adjuvante 

radiotherapie voor therapie resistente keloiden. 

Najaarsvergadering Nederlandse Vereniging voor 

Plastische Chirurgie

2006

 

 - A.L. van de Kar, M. Kreulen, P.P.M. van Zuijlen: De 

resultaten van chirurgische excisie en adjuvante 

radiotherapie voor therapie resistente keloiden. 

Refereeravond Plastische chirurgie Amsterdam

2006

 - A.L. van de Kar, L.U.M. Corion, M.J.C. Smeulders, 

C.M.A.M. van der Horst, P.P.M. van Zuijlen:  

The POSAS, a reliable and feasible tool for the 

evaluation of linear scars. 

Najaarsvergadering Nederlandse Vereniging voor 

Plastische Chirurgie

2005

 - A.L. van de Kar, L.U.M. Corion, M.J.C. Smeulders, 

C.M.A.M. van der Horst, P.P.M. van Zuijlen: The POSAS, 

a reliable and feasible tool for the evaluation of linear 

scars. The 2nd World Union of Wound Healing Societies’ 

Meeting, Paris

2005

 - A.L. van de Kar, L.U.M. Corion, M.J.C. Smeulders, 

C.M.A.M. van der Horst, P.P.M. van Zuijlen: De POSAS, 

een betrouwbare en geschikte evaluatieschaal voor 

de beoordeling van lineaire littekens. Refereeravond 

plastische chirurgie Amsterdam

2005

 - A.L. van de Kar, L.U.M. Corion, M.J.C. Smeulders, 

C.M.A.M. van der Horst, P.P.M. van Zuijlen: De POSAS, 

een betrouwbare en geschikte evaluatieschaal voor de 

beoordeling van lineaire littekens. SEOHS (Symposium 

Experimenteel Onderzoek Heelkundige Specialismen)

2005
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1. PhD training

Year Workload

(Hours/ECTS)

Presentations

 - A.L.van de Kar, P.P.M. van Zuijlen, C.M.A.M. van der 

Horst: Sarcoïdose of keloïd, soms zie je het verschil  

niet (case report). 

Najaarsvergadering Nederlandse Vereniging voor 

Plastische chirurgie

Posters:

 - A.L. van de Kar, M. Kreulen, P.P.M. van Zuijlen .  

F. Oldenburger: Excision and radiotherapy for  

recurrent keloids. 

Wetenschappelijke vergadering Nederlandse Vereniging 

voor Radiotherapie en Oncologie

2005

2005

6.0

2. Teaching
Year Workload 

(Hours/ECTS)
Basic Suturing Course 2017-2018 1.0

Tutoring, Mentoring and supervising

 - Bachelors thesis Jessica Deurvorst 

The effect of age on wound healing and scarring

 - Wetenschapsstage Janne van Avendonk 

Comparison of wound closure techniques in 

sternotomy scars: subcuticular suture versus  

steri-strip S

 - Wetenschapsstage Simone Haijtink 

The impact of severe firework induced hand injuries 

in adolescents

 - Wetenschapsstage Frederique Riessen 

Influence of age on scar tissue 

 2016

2017

2018

2019

1.0

1.0

1.0

1.0
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LIST OF PUBLICATIONS

UNDER REVIEW

Influence of age on scar tissue: A retrospective study on differences in scar tissue 

development between children and adults.

A.L.van de Kar, F.van Riessen, D.R. Koolbergen, C.M.A.M van der Horst

Submitted to: Journal of Plastic, reconstructive and aesthetic surgey

The impact of severe firework induced hand injuries on adolescents.

A.L. van de Kar, E.M. Eijffinger, O.Lapid, C.M.A.M. van der Horst, M. de Haart

Submitted to: Journal of hand therapy

A multi-centre analysis of wide excision and reconsctrution for severe anogenital 

Hidradenitis Suppurativa.

Ovadja ZN, S.A.W Bartelink,K.Hadi, A.L.van de Kar, C.M.A.M. vand er Horst, O.Lapid

Submitted to: Annals of Plastic surgery

PUBLISHED

A Multicenter Comparison of Reconstruction Strategies after Wide Excision for Severe 

Axillary Hidradenitis Suppurativa

Ovadja ZN, Bartelink SAW, van de Kar AL, van der Horst CMAM, Lapid O.

Plast Reconstr Surg Glob Open. 2019 Aug 5;7(8):e2361. 

doi: 10.1097/GOX.0000000000002361. eCollection 2019 Aug. PMID:31592017

Major Keloids of the scalp successfully treated with intralesional cryotherapy- a case 

report

U.E.M. van Exsel, F.E. Brolmann, E. Moerman, A.L.van de Kar

Eur J Plast Surg DOI 10.1007/s00238-019-01553-7, 2019

Comparison of wound closure techniques in median sternotomy scars in children: 

subcuticular suture versus Steri-Strip™ S. 

van de Kar AL, Koolbergen DR, van Avendonk JPH, van der Horst CMAM. J Plast Surg 

Hand Surg. 2019 Jan 27:1-6. 

doi: 10.1080/2000656X.2019.1566737.  PMID:30688134 

Rectus abdominus flaps for the treatment of severe hidradenitis suppurativa requiring 

abdominoperineal resection, a case series

Z.N. Ovadja, A.L. van de Kar, M.G.A.de Roo, P.J. Tanis, O.Lapid

Eur J Plast surg, 2018 DOI 10.1007/s00238-018-1484-2
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Polyalkylimide and Invasive Growth of Basal Cell Carcinoma of the Skin.

van der Meer JG, Britstra R, Van de Kar AL, Obdeijn MC.

Dermatol Surg. 2018 Apr;44(4):585-587. 

doi: 10.1097/DSS.0000000000001259. No abstract available. PMID:2885793

Frontometaphyseal dysplasia and keloid formation without FLNA mutations.Basart H, 

van de Kar A, Adès L, Cho TJ, Carter E, Maas SM, Wilson LC, van der Horst CM, Wade EM, 

Robertson SP, Hennekam RC.Am J Med Genet A. 2015 Jun;167(6):1215-22. 

doi: 10.1002/ajmg.a.37044. Epub 2015 Apr 21.PMID:25899317

Hand injuries caused by fireworks and treated by plastic surgeons.

van der Zee C, Smeulders M, van de Kar A.

Ned Tijdschr Geneeskd. 2014;158:A8381. Dutch. 

PMID:25467025

Postoperative single-dose interstitial high-dose rate brachytherapy in therapy-

resistant keloids.

Hafkamp CJ, Lapid O, Dávila Fajardo R, van de Kar AL, Koedooder C, Stalpers LJ, 

Pieters BR.

Brachytherapy. 2017 Mar - Apr;16(2):415-420. 

doi: 10.1016/j.brachy.2016.12.009. Epub 2017 Jan 27.PMID: 28139418

Keloids in Rubinstein-Taybi syndrome: a clinical study.

van de Kar AL, Houge G, Shaw AC, de Jong D, van Belzen MJ, Peters DJ, Hennekam RC.

Br J Dermatol. 2014 Sep;171(3):615-21. doi: 10.1111/bjd.13124. Epub 2014 Aug 21. 

Review.

PMID: 25132000

Lotus petal perforator flap for reconstruction of an extended chronic presacral defect 

after radiotherapy and rectal cancer resection.

van der Meer JG, Moerman E, van de Kar AL, Vermaas M, Gerhards MF.

Colorectal Dis. 2014 Jun;16(6):O220-2. 

doi: 10.1111/codi.12511. PMID: 24308419

Are digital photographs reliable to assess donor site scars? An inter-method analysis 

and validity testing.

Brölmann FE, Eskes AM, van de Kar AL, van der Horst CM, Niessen FB, Lindeboom R, 

Vermeulen H, Ubbink DT.
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J Plast Reconstr Aesthet Surg. 2013 Nov;66(11):1632-5. doi: 10.1016/j.bjps.2013.05.005. 

Epub 2013 May 25. No abstract available. 

PMID: 23714051

Values of patients and caregivers for donor site scars: an inter-observer analysis 

between patients and caregivers and prediction of cosmetic satisfaction.

Eskes AM, Brölmann FE, van de Kar AL, Niessen FB, Lindeboom R, Ubbink DT, 

Vermeulen H.

Burns. 2012 Sep;38(6):796-801. 

doi: 10.1016/j.burns.2012.04.011. Epub 2012 Jun 4. PMID: 22673119

The modified patient and observer scar assessment scale: a novel approach to 

defining pathologic and nonpathologic scarring?

van der Wal MB, van de Kar AL, Tuinebreijer WE, Draaijers LJ, Middelkoop E, van Zuijlen 

PP; Patient and Observer Scar Assessment Scale Group..

Plast Reconstr Surg. 2012 Jan;129(1):172e-174e; author reply 174e. 

doi: 10.1097/PRS.0b013e3182362e9b. No abstract available. PMID:22186545

Nipple reconsctrution: the “Hammond”flap.

Dolmans GH, van de Kar AL, van Rappard JH, Hoogbergen MM.

Plast Reconstr Surg. 2008 Jan;121(1):353-4. 

doi: 10.1097/01.prs.0000300297.72188.e4. No abstract available. PMID:18176266

The results of surgical excision and adjuvant irradiation for therapy-resistant keloids: 

a prospective clinical outcome study.

van de Kar AL, Kreulen M, van Zuijlen PP, Oldenburger F.

Plast Reconstr Surg. 2007 Jun;119(7):2248-54. Review. Erratum in: Plast Reconstr Surg. 

2007 Aug;120(2):579. Dosage error in article text. 

PMID:1751972

Reliable and feasible evaluation of linear scars by the Patient and Observer Scar 

Assessment Scale.

van de Kar AL, Corion LU, Smeulders MJ, Draaijers LJ, van der Horst CM, van Zuijlen PP.

Plast Reconstr Surg. 2005 Aug;116(2):514-22.

PMID:16079683

Mallet Thumb

Nederlands Tijdschrift voor Traumachirurgie> Uitgave 4/2014E.C.Noels, M.J.C. 

Smeulders, M.P. Terra, A.L. van de Kar
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Jaarwisseling 2012-2013, vuurwerkletsels behandeld door plastisch chirurgen.

Nederlands Tijdschrift voor Plastische Chirurgie 2014/2S.N. Edskes, M.J.C Smeulders, 

C.W.van der Zee, O.T Zophel, A.L.van de Kar

OTHER

Textbook on Scar Management. Guidelines, State of the Art Management and 

Emerging Technologies 

Scar Assessment Scales 

Michelle E. Carrière, Annekatrien L. van de Kar,  Paul P.M. van Zuijlen
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UITNODIGING

voor het bijwonen van de 

openbare verdediging van 

het proefschrift 

ON SCARS
Aspects of 
treatment,

pathophysiology 
and assessment

door

Annekatrien L. van de Kar

op vrijdag 17 april 

om 10:00 uur 

in de Agnietenkapel, 

Oudezijds Voorburgwal 231,

in Amsterdam. 

Na afloop bent u van harte 

uitgenodigd om te proosten 

bij de receptie.

PARANIMFEN 

Voornaam Achternaam

Voornaam Achternaam

e-mail@e-mail.nl

ON SCARS
Aspects of treatment, 

pathophysiology 
and assessment

Annekatrien Louise van de Kar
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