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INTRODUCTION
Obesity is defined as abnormal or excessive fat ac-

cumulation with significant physical and psychological 
impacts. Overweight among adults refers to a body mass 
index (BMI) of between 25 and 29 kg/m2 while obesity re-
fers to a BMI greater than or equal to 30 kg/m2.1

In terms of prevalence, in 2015 obesity in France was 
estimated to affect 17% of the population aged 18–74 
years.2 Between 1975 and 2016, the worldwide prevalence 

of obesity tripled, with 39% of the global population aged 
18 years and over being overweight in 2016.1

Due to the relative difficulty of successfully losing 
weight through diet and physical activity alone and in light 
of the improvements made to bariatric surgery techniques, 
there has been a rise in surgical procedures.3,4 The various 
restrictive surgical techniques for sleeve gastrectomy, and 
malabsorptive diversion techniques such as gastric bypass, 
frequently result in inadequate nutrition and nutritional 
deficiency that may lead to complications such as anemia 
and osteoporosis.3,5

Following obesity surgical procedures, massive weight 
loss leads to excess loose skin that causes considerable 
functional and aesthetic discomfort and may lead to con-
ditions such as mycoses, macerated skin, and itching. 
These factors prompt many patients to seek postbariatric 
surgery.

Introduction: Massive weight loss following bariatric surgery has a major functional 
and aesthetic impact on patients. Many patients are nonetheless reluctant to un-
dergo plastic surgery in connection with their former obesity because they fear 
potentially large scars, even though such scars are not visible (ie, they are covered 
by undergarments).
Purpose: The aim of this study was to evaluate the quality of wound healing in pa-
tients receiving Celergen supplementation following abdominoplasty, compared 
with a control group. The hypothesis was that supplementation would speed up 
wound healing and improve scar quality.
Materials and Methods: We conducted a prospective, monocentric, controlled 
study of patients undergoing abdominoplasty. A group of patients received Celer-
gen, a food supplement, for 3 months and were monitored for 1 year after their 
surgery.
Results: Of 33 patients who underwent abdominoplasty, 25 received Celergen sup-
plements. There was no significant difference between the 2 groups. The mean 
time to wound healing was significantly better in the group receiving supplementa-
tion compared with the control group [respectively, 24.6 ± 9.31 days and 34 ± 13.48 
days (P = 0.03)]. The Patient and Observer Scar Assessment Scale (POSAS) ob-
server score was significantly better at 1 year in the group receiving supplemen-
tation compared with the control group [12.68 ± 6.6 and 17.38 ± 5.24 (P = 0.01), 
respectively]. There was no significant difference in the total POSAS score at 1 year 
(P = 0.166).
Conclusion: Celergen supplementation significantly improved the time to healing 
and the POSAS observer score at 1 year for patients undergoing abdominoplasty. 
(Plast Reconstr Surg Glob Open 2018;6:e1907; doi: 10.1097/GOX.0000000000001907; 
Published online 4 October 2018.)
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Despite the fact that abdominoplasty incisions are not 
visible because they are hidden by undergarments, many 
patients are reluctant to undertake such surgery out of 
fear of potential scarring. Moreover, these patients pres-
ent a higher risk of complications than other patient pop-
ulations.7–9

Wound healing is not as good among these patients, 
who often have poor nutrition.10 The findings of a study 
involving 100 patients showed that 13.8% of them had hy-
poalbuminemia, whereas 40% showed evidence of iron de-
ficiency and 14.5% had vitamin B12 deficiency. Impaired 
fasting glucose was observed in 6.2% of the patients.11 Yet 
good nutritional status is essential for effective wound 
healing to take place. Glucose provides the body with an 
energy source for angiogenesis, fatty acids are essential for 
healthy cell structure and for the inflammatory process to 
take place, and finally proteins are necessary for collagen 
synthesis and formation.12 Protein supplementation may 
therefore improve the aesthetics of wound healing.

The efficacy of a number of nutritional supplemen-
tations has already been demonstrated in the healing of 
various types of wounds. Some wounds such as eschars, 
acute and chronic diabetic ulcers, and venous ulcers may 
show significant improvement with supplementation of 
nutrients such as arginine, vitamin C, zinc, and camel milk 
proteins.13–18

It is therefore necessary during surgical procedures 
such as abdominoplasty, which causes long scars, to ensure 
that patients receive holistic care that includes, if neces-
sary, food supplementation in addition to surgery.

A study based on a wound healing in vitro model has 
shown that Celergen, a marine-derived food supplement, 
led to increased fibroblast growth and collagen secretion 
in the tissues receiving supplementation, and increased mi-
gration to injured tissue.19 Collagen provides the matrix for 
tissue regeneration and wound healing, and the migration 
of fibroblasts into the collagen triggers the induction of an-
giogenesis. In addition, fibroblasts preserve the structure of 
connective tissue.20,21 It was also shown that Celergen had 
an antioxidant protecting effect on skin fibroblasts.22

The aim of this prospective study was to evaluate the 
duration and the quality of wound healing in patients re-
ceiving Celergen supplementation following abdomino-
plasty, compared with a control group. The hypothesis was 
that supplementation would speed up wound healing and 
improve scar quality.

MATERIALS AND METHODS

Study Design
A prospective, monocentric, controlled, randomized 

study was conducted between May 2016 and December 
2016 at the Department of Plastic, Reconstructive, Aes-
thetic and Maxillofacial Surgery of the Henri Mondor 
Hospital in Créteil, France.

Patients
After signing an informed consent form, patients 

of both sexes, aged 18 and over, who were to undergo  

abdominoplasty following weight loss were included in the 
study. The conditions of supplementation, doses, treat-
ment contraindications (fish allergies) and the aim of the 
study were presented and explained to patients.

Food Supplementation with Celergen
Patients in the experimental group received supple-

mentation with Celergen, a food supplement manufac-
tured by Swiss Caps (composition per capsule: marine 
protein 300 mg, peptide E collagen 230 mg, hydro MN 
peptide 40 mg, lutein 10 mg, grape skin extract 10 mg, co-
enzyme Q10 10 mg, selenium 50 μg). All patients started 
supplementation the day before surgery, taking 1 capsule 
in the evening on an empty stomach. They continued tak-
ing 1 capsule daily in the morning before breakfast for 3 
months after surgery.

During follow-up consultations, patients were asked to 
confirm that they had taken the food supplement each day. 
Capsules were packaged in single-dose units, and supple-
ments were distributed to patients in 3 boxes containing 
30 capsules each. Upon enrollment in the study, patients 
were informed that if they forgot a capsule, it could be 
taken later during the same day (on an empty stomach) or 
the next morning, together with that day’s dose.

All patients (100%) stated that they had taken all the 
supplements in compliance with our study protocol. How-
ever, we have no objective evidence of treatment adher-
ence.

Patient Management
All patients undergoing an abdominoplasty procedure 

performed by the same surgeon between May 2016 and 
December 2016 were included in the study. The sealed 
envelope system of randomization was used to allocate pa-
tients into 2 groups: with and without food supplementa-
tion. The surgical procedure was then performed. Deep 
quilting sutures were made to relieve tension on the skin 
suture and to reduce the risk of seroma. Each patient 
received the same type of stitches. A dermo-hypodermic 
overlock stitch was made using resorbable braided 3/0 
thread, followed by an intradermal overlock stitch of re-
sorbable 3/0 polysaccharide thread. Compressive dressing 
was applied immediately after surgery and removed the 
next day. An abdominal support belt had to be worn day 
and night for 6 weeks.

Inclusion criteria were undergoing abdominoplasty 
performed by the head of the study between May and De-
cember 2016, being at least 18 years old.

Exclusion criteria were being under age 18, having 
fish allergies, being operated on by a surgeon other than 
the head of the study, and not complying with the food 
supplement regimen.

Clinical Evaluation and Patient Follow-up
Patients were monitored on a weekly basis during fol-

low-up consultations until complete healing of the surgi-
cal wound, that is, until full epidermization and the total 
disappearance of scabs, so that wound dressing was no 
longer necessary. After that, follow-up consultations were 
scheduled at 1 month, 3 months, and 6 months.
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The primary endpoint was time to complete wound 
healing.

Secondary endpoints were scar quality at 1 year, as-
sessed using a validated scale, the Patient and Observer 
Scar Assessment Scale (POSAS)23,24 and complications 
(hematoma, infection, seroma, wound dehiscence).

The demographical data collected included age, sex, 
BMI, smoking status, and complementary procedures per-
formed during the surgery.

This study was conducted in compliance with the Dec-
laration of Helsinki of October 2013 concerning biomedi-
cal research. It was approved by a local institutional review 
board.

Statistical Analysis
A descriptive analysis was used for demographical data. 

Variables were represented as mean ± SD. Means were 
compared using the Student’s t test. The Shapiro Wilk 
test was used to assess normality of the distribution of the 
variables. All P < 0.05 values were considered to be statisti-
cally significant. GraphPad Version 6 software was used for 
graphics and statistical analyses.

RESULTS

Patients
Following massive weight loss, 33 patients underwent 

abdominoplasty. Among this group, 25 patients received 
supplementation with Celergen (24 women and 1 man; 
mean age, 44.45 ± 10.5 years). Five women were prema-
turely excluded from the study due to noncompliance 
with the supplementation regimen. Eight patients made 
up the control group. They were not asked to follow a 
specific diet (7 women and 1 man; mean age, 40.7 ± 7.85 
years). Patient characteristics appear in Table 1.

There was no significant difference between the 2 
groups in terms of age, sex, BMI, smoking status, and 
medical history (Table 1).

The mean time to wound healing corresponding to 
full epidermization and discontinuation of wound dress-
ing was significantly reduced in the study group compared 
with the control group (24.6 ± 9.31 days for the group re-
ceiving supplementation and 34 ± 13.48 days for the con-
trol group P < 0.03; Fig. 1).

The POSAS observer score at 1 year was significantly bet-
ter in the group receiving supplements (POSAS observer 
score = 12.68 ± 6.6) compared with the control group (PO-
SAS observer score = 17.38 ± 5.24; P = 0.01). However, there 
was no significant difference between the 2 groups for the 
POSAS patient score (20.69 ± 9.24 and 22.25 ± 7.82, respec-
tively, for the experimental and the control groups; Fig. 2).

Our findings showed no significant difference for the 
total POSAS score (the combined observer and patient 
scores) at 1 year between the 2 groups (16.69 ± 5.23 and 
19.82 ± 6.53, respectively, for the experimental and the 
control groups; P = 0.166; Fig. 3).

Table 1.  Demographic Characteristics of the 2 Groups

 
Control 
Group

Group Receiving  
Celergen P

Age 40.7 ± 7.85 44.45 ± 10.5 0.215 (NS)
BMI 26.2 ± 4.87 25.53 ± 3.04 0.672 (NS)
Sex (W/M) 7/1 19/1 0.50 (NS)
Smoking status (S+/S-)
History

2/6 2/18 0.55 (NS)

        Diabetes 1 1 0.50 (NS)
        HTN 1 4 0.99 (NS)
Method to lose weight   1 (NS)
        Sleeve gastrectomy 6 15 1 (NS)
        By-pass 2 4 1 (NS)
        Gastric band 0 1 1 (NS)
Results: Mean ± SD. P: Student’s t test.
HTN, hypertension; NS, not significant.

Fig. 1. time to wound healing.

Fig. 2. POSaS patient and observer scores.

Fig. 3. POSaS total score.
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Nine complications were reported in the group re-
ceiving supplementation (3 hematomas, 4 seromas, 1 de-
hisced wound, and 1 uncollected cellulitis), and 4 in the 
control group (2 seromas, 1 dehisced wound, and 1 hema-
toma). There was no significant difference between the 2 
groups (Table 2).

DISCUSSION
Cutaneous wound healing is a complex process that 

can be considerably compromised by inadequate nutrition 
and protein deficiency. Wound healing in fact requires a 
great deal of collagen synthesis, and hypoproteinemia 
causes decreased fibroblast proliferation, reduced col-
lagen synthesis, restricted angiogenesis, and altered col-
lagen remodeling. For patients who have undergone 
bariatric surgery, whether the procedure was restrictive or 
malabsorptive, weight loss is often accompanied by inad-
equate nutrition after surgery.3,5,25–28 In our study, using a 
food supplement to complement the procedure appeared 
to improve the time to wound healing and the quality of 
the abdominoplasty scar.

Two studies have demonstrated the efficacy of Celergen 
for ultraviolet radiation-induced skin aging and for skin 
rejuvenation (elasticity, sebum production, significant in-
crease in plasma hydroxyproline, and ATP storage in the 
erythrocytes).22,29 A third in vitro study showed improvement 

in cellular wound healing in patients receiving Celergen 
compared with a control group by increasing fibroblast pro-
liferation and migration, stimulating cell growth, increasing 
collagen production, and upregulating pro-collagen.19

Our study showed statistically significant improvement 
in time to wound healing in the group receiving supple-
mentation compared with the control group (24.6 ± 9.31 
and 34 ± 13.48 days, respectively; P = 0.03), that is, the first 
day that scars no longer required dressing. These results 
were in line with our expectations. Indeed, it was prov-
en that numerous patients who had achieved substantial 
weight loss (following lifestyle changes alone or after sur-
gery) very often presented inadequate nutrition or mal-
nourishment, and therefore exhibited slower cutaneous 
wound healing.7,28

There was a significant difference in the experimen-
tal group and the control group POSAS observer score 
at 1 year (12.68 ± 6.6 and 17.38 ± 5.24, respectively; P = 
0.01). There appeared to be no difference in the POSAS 
patient score (20.69 ± 9.24 and 22.25 ± 7.82, respectively) 
and the POSAS total score (16.69 ± 5.23 and 19.82 ± 6.53, 
respectively; P = 0.166). An evaluation bias must however 
be noted. The POSAS is a subjective scale, with half the 
scoring coming from an observer, in this case a plastic 
surgeon who is accustomed to evaluating scars, and the 
other half the scoring coming from a patient who is in-
experienced at giving this type of opinion. Some patients 
assess their scar poorly, and the discrepancy between the 
POSAS observer score and the POSAS patient score in 
some cases reached as much as 27 points (Figs. 4, 5). The 
differences between the POSAS observer score and pa-
tient score ranged from 0 to 28, but the POSAS patient 
score was never better than the POSAS observer score. 
Certain patients were dissatisfied because although the 
scar was covered by undergarments, it remained visible 1 
year after the procedure.

The rate of minor complications observed in our pa-
tient group was 46% (6 seromas, 4 hematomas, 2 dehisced 
wounds, and 1 uncollected cellulitis). There were no oth-
er significant differences between the 2 groups (P = 0.99). 
Although this rate of minor complications is high, it cor-
responds to the figures appearing in the literature, which 
vary between 11.7% and 66%.7,30 No major complications 
were observed (thrombosis, pulmonary embolism).

Twelve patients underwent liposuction, including 9 in 
the group receiving supplementation (45%) and 3 in the 
control group (37.5%). Among the first group of patients, 
5 complications were reported (3 seromas, 1 hematoma, 

Table 2. Postsurgery Complications

 
Control  
Group

Group Receiving  
Celergen P

Complications 4 9 0.99 (NS)
Seroma 2 4 1 (NS)
Hematoma 1 3 1 (NS)
Wound dehiscence 1 1 0.50 (NS)
Cellulitis 0 1 1 (NS)
P: Student’s t test.
NS, not significant.

Fig. 4.  Patient in supplementation group, 1 year postsurgery: PO-
SaS observer score: 11; POSaS patient score: 38.

Fig. 5. Patient in supplementation group, 1 year postsurgery: POSaS observer score: 16; POSaS patient 
score: 17.



 Haiun et al. • Improving Abdominal Plastic Scars with a Dietary Supplement

5

and 1 dehisced wound), and in the control group 1 com-
plication was reported (1 hematoma). Various studies have 
looked at the relationship between liposuction performed 
during abdominoplasty and complications. In their retro-
spective study of 1,008 patients, Neaman et al.31 observed 
an increase in the number of seromas in the group that 
had both abdominoplasty and liposuction (P < 0.05). By 
contrast, in their study that enrolled 11,191 patients, Vieira 
et al.32 reported a decrease in the number of seromas (P = 
0.03) and other complications (P = 0.046) in the group that 
underwent liposuction and abdominoplasty, when com-
pared with the group undergoing abdominoplasty alone.

In each group, 2 patients were smokers (P = 0.55). 
One of them in the control group suffered from a seroma 
complication. The other patient, who was in the group re-
ceiving supplementation, presented a hematoma. In their 
review with meta-analysis, Pluvy et al.33 demonstrated that 
tobacco use exposes patients to an increased risk of cuta-
neous necrosis, delayed wound healing, and surgical-site 
infection in the event of major detachment among pa-
tients who smoke.

All our patients had previously undergone bariatric 
surgery (Table 1). They were therefore followed by a nutri-
tionist who referred them to us for abdominoplasty once 
the deficiencies had been supplemented. No patient had 
poor nutrition or anemia.

Our study nevertheless had an important limitation. 
Because it involved only 28 patients, its statistical power 
was low. Nevertheless, this was a pilot study that produced 
promising results and it would be worthwhile to conduct a 
similar study with a broader scope.

CONCLUSIONS
As more and more patients undergo bariatric surgery, 

the number of patients who seek care to address the after-
effects of major weight loss is also increasing. These proce-
dures result in large scars that cause functional, aesthetic, 
and psychological discomfort, which should not however 
constitute an obstacle to having the surgery performed.

Due to a rise in obesity and an increase in the number of 
bariatric surgery procedures, plastic surgeons are going to 
find that more and more patients suffer from the aftereffects 
of weight loss. The primary surgical procedure performed 
after bariatric surgery is abdominoplasty, which leaves a scar 
that is too often deemed to be unsightly. Oral treatments 
that may improve the scar appear to be beneficial.

All of these results show that Celergen supplementa-
tion is effective for patients undergoing abdominoplasty, 
with an impact on time to wound healing and the POSAS 
observer score at 1 year. Our study was nevertheless a pilot 
study with low statistical power, and it would be necessary 
to conduct a study with a broader-scope.
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