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Abstract 

Background:  Wound healing and scar quality after trauma are subject to impairment through excessive wound 
healing, chronic wound or even surgical site infections. Optimizing the process of scar formation and skin healing 
is crucial in virtually all fields of medicine. In this regard, we tested the possible usage and advantages of titanium 
coated suture material.

Methods:  We performed a prospective observational cohort study including 30 patients who underwent soft tissue 
reconstruction. One half of the donor flap site was sutured with titanium coated suture material, while the other half 
was closed with non-coated sutures. Scar quality of the donor flap site was assessed by photographs and POSAS 
scores on days 2–5, 14, 42, 72 and 180 postoperatively.

Results:  No difference between the titanium coated sutures and non-coated sutures was seen in the POSAS assess-
ment, neither for the patient scale at 14, 42, 72 and 180 days, nor for the observer scale on the same dates. Comor-
bidities like diabetes, chronic renal failure and smoking as well as the BMI of each patient affected the wound healing 
process to an equal degree on both sides of the suture.

Conclusions:  No difference between the titanium coated and non-titanium-coated suture material was seen in the 
POSAS assessment in regard to scar quality and wound healing. The titanium-coated suture material can be consid-
ered to be equally as effective and safe in all qualities as the non-titanium-coated suture material, even in patients 
with comorbidities.

Clinical trial register This study is registered at the German Clinical Trials Register (DRKS) under the registration number 
DRKS00021767. (https​://www.drks.de/drks_web/navig​ate.do?navig​ation​Id=trial​.HTML&TRIAL​_ID=DRKS0​00217​67)
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Background
As a result of trauma, either by accident or intent pro-
cedure, the skin is subject to a wound healing process 
resulting in the formation of a mature scar and therefore 

maintaining the integrity of the skin [1, 2].
Deviation from the physiological wound healing pro-

cess, such as excessive wound healing, chronic wound or 
even surgical site infections, can impair the scar quality 
and the adequate physical function of the skin [2–4]. A 
surgical suture’s tissue integration and biocompatibility 
are decisive factors for ideal wound healing, therefore the 
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optimal choice of suture material is still up for discourse 
[5, 6].

Surgical site infection hast been assessed to arise in 
5% of all medical procedures in hospitals [7], resulting 
in pain and discomfort for the patients and prolonged 
hospitalization and additional costs to the health system 
[8]. Not only implanted foreign bodies, yet also suture 
material have to be taken into consideration as a host 
for biofilm and therefore a potential source of infection 
[7, 9, 10]. In order to surmount this issue, the coating of 
suture material not only with chemicals such as triclosan 
[11–16], yet also with metal legions is not uncommon in 
medicine. Silver nanoparticle-coatings on silk suture for 
example have proven to be successful in the prevention of 
surgical site infections [17–20].

Titanium as a metal legion is renowned for excellent 
bone to implant bonding [21, 22], high biocompatibility 
due to low allergic potential [23], resistance to corrosion 
[24] and limited complications like wound dehiscence, 
infection and pain [25–27]. Therefore, titanium is com-
monly used for medical products, whether it be as ortho-
pedic implants [28], titanium clips in cardiology and 
neurology [29–31], auditory ossicle replacements [32], 
endoprosthetic surgery and osteosynthesis in dentistry 
[24, 33], nickel-titanium wire for closure in cleft lip pro-
cedures [25], titanium surgical tacks in gynecology [34] 
or as titanium coated meshes in abdominoplasty [35–38]. 
In the latter for example, it has shown to provoke less 
severe late inflammatory processes, greater tissue matu-
ration and collagen disposition in comparison to a non-
titanium-coated polypropylene mesh [37].

These qualities of titanium in medical products raise 
the question whether titanium, if used as a coating for 
suture material, could also be used to improve would 
healing and scar quality.

Wound healing is an immensely difficult and interfer-
ence-prone process which needs to be assisted at its best 
and optimized constantly, especially in patients with 
comorbidities that could compromise ideal healing and 
scar formation [1–3].

In this study, we therefore aimed to further evaluate the 
possible usage and advantages of titanium coated suture 
material with regard to wound healing, surgical site 
infections and scar quality in reconstructive and plastic 
surgery. This was exemplified on flap surgery donor sites.

Methods
Patient collective
We performed a prospective observational cohort study. 
The materials of this study have been drafted from 
patients aged 18 and older who had given their informed 
consent. All patients received soft tissue reconstruction 
via free flap surgery at the University Hospital Leipzig 

from August 2018 to October 2019. Flaps included ALT-, 
latissimus dorsi-, DIEAP-, parascapular- and gastrocne-
mius flaps. In total, 30 patients (7 females, 23 males) with 
a median age of 60 (26 to 92) were included. Baseline 
data comprised of gender, BMI, comorbidities, duration 
of hospitalization after surgical intervention and wound 
healing with Patient and Observer Scar Assessment 
Score/POSAS (Additional files 1, 2).

After raising the flap, the donor site wound was sutured 
continuously and intracutaneously with titanium coated 
suture material (Seratan® 2-0, titanium coated [Serag 
Wiessner GmbH & Co. KG., Naila, Germany]) on one 
half and non-titanium-coated suture material (Seralon® 
2-0, non-titanium-coated [Serag Wiessner GmbH & Co. 
KG., Naila, Germany]) on the other (Additional file  3). 
The study was performed in a single blinded design with 
patients not knowing which half was sutured with tita-
nium coated or non-titanium-coated material. Seratan® 
is priced at 264.94€ per unit (24 pieces) including tax and 
shipping, Seralon® at 168.20€ per unit (24 pieces).

Scar assessment via POSAS scores and clinical photography
On days 2–5 post-surgery, wound visits were performed. 
On day 10, the stitches were removed and on day 14, 
POSAS (Patient and Observer Scar Assessment Scale) 
scores for both sides of the suture were executed by the 
patient and an observer. Wound visits and POSAS scores 
were again carried out on day 42, 72 and 180. Photo-
graphical documentation was performed continuously 
during inpatient and outpatient follow up dates (Addi-
tional files 3, 4). The POSAS consists of both a Patient 
Scale and an Observer Scale. Both scales contain six 
items that are scored numerically on a ten-step scale with 
10 indicating the worst imaginable scar or sensation and 
1 corresponding to the situation of normal skin. Together 
they make up the total score of the scale.

Statistical analysis
Post-test analysis was done using SPSS for Windows 
V24.0 (IBM, Chicago, IL, USA). All data is reported as 
frequencies with percentages (%) or mean and standard 
deviation (SD) with ranges.

A paired t-test was used to detect differences in means 
between Seratan® and Seralon® for continuous data. The 
level of significance was defined as p < 0.05.

Results
In total, 30 patients with a mean age of 60 years (SD 16, 
range, 26 to 92; 7 females, 23 males) were included into 
the final analysis. The most frequent flap entity was the 
anterior lateral thigh flap (n = 23), followed by latissi-
mus dorsi flaps (n = 3), deep inferior epigastric artery 
perforator flaps (n = 2), gastrocnemius flaps (n = 1), and 
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parascapular flaps (n = 1). The mean hospital stay after 
surgery was 13 days (SD 7, range 5 to 37).

The patients’ mean Body Mass Index was 27.0  kg/m2 
(SD 5.9, range 18 to 44). Preexisting comorbidities that 
are known to affect wound healing were diabetes in 15 
patients (50%), smoking in 13 (43%) and chronic renal 
failure in 10 patients (33%). No patient received immuno-
suppressive medication.

All patients’ donor site wounds were closed with 
above named suture material in a 50:50 fashion. The 
mean wound length per patient sutured with titanium-
coated material was 11.2  cm (SD 2.6) and 10.9  cm (SD 
2.1) for non-coated sutures (p = 0.293). Complications 
occurred in four patients. This included one suture fis-
tula (Seratan®), one superinfected hematoma (Seralon®), 
one superficial wound necrosis (Seralon® + Seratan®), 
and one hematoma which had to be revised (Seratan®). 
All other complications were managed in a conservative 
fashion.

No significant difference between the titanium coated 
and non-titanium coated sutures was seen in the POSAS 
assessment, neither for the patient scale at 14  days 
(p = 0.161), at 42 days (p = 0.787), at 72 days (p = 0.433) 
or at 180  days (p = 0.293), nor for the observer scale at 
14  days (p = 0.787), at 42  days (p = 0.522), at 72  days 
(p = 0.184) or at 180  days (p = 0.375). However, there 
is a tendency for a slightly better overall opinion in all 
follow-ups for the titanium coated material in both 
groups, patients and observers (Fig.  1). When taking 
into consideration comorbidities like diabetes (Seratan®: 
p = 0.808, Seralon®: p = 0.484), chronic renal failure 
(Seratan®: p = 0.297, Seralon®: p = 0.244) or smoking 

(Seratan®: p = 0.459, Seralon®: p = 0.562) while compar-
ing the POSAS scores on day 180, no significant differ-
ence between the two suture materials could be detected 
(Figs. 2, 3 and 4). Furthermore, comparing overall patient 
satisfaction on day 180 on coated and non-coated wound 
closure sites in correlation to the BMI of each patient 
did not show any significant difference in scar quality 
(Seratan®: p = 0.541, Seralon®: p = 0.647, Fig. 5).

Discussion
Wound healing and scar quality are an important part 
of virtually every field of medicine. The choice of suture 
material, as an immense factor of impact for the scar for-
mation and healing abilities, is of great importance when 
it comes to optimizing these processes. This is valid espe-
cially in patients with comorbidities which compromise 
ideal healing and scar formation, like diabetes mellitus, 
chronic renal failure or the indulgence in nicotine [1–3]. 
Our findings indicate that titanium coated suture mate-
rial can be seen as equivalently effective and safe as non-
titanium-coated suture material.

In this pilot study with 30 patients, scar quality was 
assessed on flap surgery donor sites with the help of 
POSAS score evaluation and photography, while compar-
ing titanium coated sutures with non-titanium-coated 
sutures. The coating of medical material with titanium 
material can be seen as leadoff technique in medicine, 
therefore scientific literature on this topic is rare. Not-
withstanding, our findings can be seen as consistent with 
the advantages of coating suture material with chemicals 
[11–16] or metal legions, like the prevention of surgi-
cal site infections [17–20]. They were also in accordance 
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Fig. 1  POSAS overall opinion of observers (a) and patients (b) on follow-up days 14, 42, 72 and 180 for titanium-coated suture material (blue bar) 
and non-coated suture material (red bar)
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with beneficial qualities of titanium in medical products, 
like excellent bone to implant bonding, high biocompati-
bility due to low allergic potential, resistance to corrosion 
and limited complications like wound dehiscence, infec-
tion and pain [21–27].

The titanium coated suture material was equivalent to 
the non-coated-suture material in regard to scar quality 
and wound healing. Even the presence of comorbidities 

did not have any impact on these qualities. However, it 
should be emphasized that high satisfaction in regard 
to scar quality was achieved in both groups which also 
increased over the course of time. Additionally, titanium 
coated sutures presented slightly better results in regard 
to wound healing than non-titanium-coated sutures. This 
data suggests the possibility of using titanium coated 
material in surgical procedures for wound closure in the 

Fig. 2  Correlation analysis between POSAS overall opinion for 
observers (a) and patients (b) and diabetes mellitus type II on 
follow-up days 14, 42, 72 and 180 for titanium-coated suture material 
and non-coated suture material

Fig. 3  Correlation analysis between POSAS overall opinion for 
observers (a) and patients (b) and chronic renal failure on follow-up 
days 14, 42, 72 and 180 for titanium-coated suture material and 
non-coated suture material
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future. Our findings support the results of Saalabian et al. 
in which titanium coated suture material showed signifi-
cantly lower signs of inflammation in small wounds of the 
hand and forearm [39].

The limitations of this study include its small sam-
ple size and the limited variability in surgical sites. A 
more extensive clinical study and a cost efficiency anal-
ysis would have to be planned to not only show clinical 

evidence, but also practicability in the long term. Never-
theless, titanium coated suture material can be consid-
ered as equally effective and safe as non-titanium-coated 
suture material in regard to wound healing, scar quality 
and surgical site infection. Combining the advantages 
of titanium legions in medical products with benefits 
of coating suture material in order to minimize surgical 
site infections and therefore receiving optimum wound 
healing and scar formation was the intention behind the 
development of the suture material and this study. How-
ever, our research suggests that the production of the 
titanium coated suture material will not be able to deliver 
superior results to the non-titanium-coated suture mate-
rial. Considering the higher price as mentioned above, we 
currently see no reason for a standardized wound closure 
with titanium coated sutures in our patients.

Conclusions
Titanium coated suture material brings forward as 
equally adequate results in scar quality and wound heal-
ing in flap surgery donor sites as non-titanium-coated 
suture material. The coating of medical products in gen-
eral with titanium seems to have a positive impact on 
wound healing and provides decreased complications like 
wound dehiscence and surgical site infection [25–27]. 
Nevertheless, the utilization of titanium coated suture 
material on flap surgery donor sites, even in patients with 
comorbidities or immunocompromization, will not be 
superior to non-titanium-coated suture material.

Fig. 4  Correlation analysis between POSAS overall opinion for 
observers (a) and patients (b) and smoking on follow-up days 14, 
42, 72 and 180 for titanium-coated suture material and non-coated 
suture material

Fig. 5  Correlation analysis between POSAS overall opinion and Body 
Mass Index (BMI) on follow-up day 180 for titanium-coated suture 
material and non-coated suture material
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Supplementary information
Supplementary information accompanies this paper at https​://doi.
org/10.1186/s1289​3-020-00932​-3.

Additional file 1. Patient Observer and Patient Scale Assessment Scale 
for Observers. The scale is designed for scar evaluating of professionals 
and contains six items that are scored numerically on a ten-step scale. 
The items should be compared to regular skin at a comparable anatomic 
area. To ensure quality of examination, more than one professional should 
evaluate the POSAS. The items for professionals include Vascularity, 
Pigmentation, Thickness, Relief, Pliability and Surface Area. Furthermore, 
it asks for an Overall Opinion. With kind permission of P.P.M. van Zuijlen, 
Beverwijk-NL.

Additional file 2. Patient Observer and Patient Scale Assessment Scale 
for patients. The scale is designed for scar evaluating of non-professionals/
patients and contains six items that are scored numerically on a ten-step 
scale. Items include pain, itching, color difference, stiffness, thickness and 
irregularity in comparison with regular skin. Also, just like in the Observers 
Score, it asks for an Overall Opinion. With kind permission of P.P.M. van 
Zuijlen, Beverwijk-NL.

Additional file 3. Intraoperative photographic documentation of 
wound closure in ALT donor site. You can see the 50:50 fashion that was 
assessed using titanium coated suture material (Seratan®) for one half of 
the wound closure and non-titanium coated material (Seralon®) for the 
other half. Markings were only made for illustration reasons and removed 
immediately after taking the photograph to ensure single blinding of the 
patient.

Additional file 4. Photographic documentation of wound closure in ALT 
donor site on day 14.

Abbreviations
POSAS: Patient and Observer Scar Assessment Scale; et al.: Et alii. and others; 
GmbH and Co. Kg.: Gesellschaft mit beschränkter Haftung & Compagnie 
KG (GmbH & Co. KG) is a limited partnership with, typically, the sole general 
partner being a limited liability company.

Acknowledgements
Not applicable.

Authors’ contributions
LHK and SL designed the research; LB and LHK obtained the clinical data; LHK 
and SL were responsible for surgical sutures; GO prepared the tables and fig-
ures; LB prepared the manuscript; and LHK, GO and SL revised the manuscript. 
All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. Funding for 
15,581.00€ was received by Serag Wiessner GmbH &Co. KG in order to conduct 
this clinical study. The funding company had no influence on the design of 
the study and collection, analysis, and interpretation of data and in writing the 
manuscript..

Availability of data and materials
All data is contained within the manuscript. The datasets used and analyzed 
during the current study available from the corresponding author on reason-
able request.

Ethics approval and consent to participate
The ethics committee of affiliated Leipzig University Hospital of Leipzig Uni-
versity has approved the feasibility of the study prior to study initiation. In this 
study all patients signed a preoperative informed consent form and agreed to 
participate in the accompanying scientific research.

Consent for publication
All patients have signed a written informed consent form at least one day 
before surgery. In this study, there is no any identifying personal or clinical 
details along with any identifying images to be published.

Competing interests
The authors declare that they have no competing interests.

Received: 2 August 2020   Accepted: 27 October 2020

References
	1.	 Potter DA, Veitch D, Johnston GA. Scarring and wound healing. Br J Hosp 

Med. 2019;80:C166–71. 
	2.	 Wang PH, Huang BS, Horng HC, Yeh CC, Chen YJ. Wound healing. J Chin 

Med Assoc. 2018;81:94–101. 
	3.	 Gantwerker EA, Hom DB. Skin: histology and physiology of wound heal-

ing. Facial Plast Surg Clin N Am. 2011;19:441–53. 
	4.	 Ferguson MW, O’Kane S. Scar-free healing: from embryonic mechanisms 

to adult therapeutic intervention. Philos Trans R Soc Lond B Biol Sci. 
2004;359:839–50. 

	5.	 Lambertz A, Schroder KM, Schob DS, Binnebosel M, Anurov M, Klinge U, 
Neumann UP, Klink CD. Polyvinylidene fluoride as a suture material: evalu-
ation of comet tail-like infiltrate and foreign body granuloma. Eur Surg 
Res. 2015;55:1–11. 

	6.	 Masini BD, Stinner DJ, Waterman SM, Wenke JC. Bacterial adherence to 
suture materials. J Surg Educ. 2011;68:101–4. 

	7.	 Kathju S, Nistico L, Tower I, Lasko LA, Stoodley P. Bacterial biofilms on 
implanted suture material are a cause of surgical site infection. Surg 
Infect. 2014;15:592–600. 

	8.	 Harrington P. Prevention of surgical site infection. Nurs Stand. 
2014;28:50–8. 

	9.	 Juhl AA, Koudahl V, Damsgaard TE. Deep sternal wound infection 
after open heart surgery–reconstructive options. Scand Cardiovasc J. 
2012;46:254–61. 

	10.	 Franco AR, Fernandes EM, Rodrigues MT, Rodrigues FJ, Gomes ME, Leonor 
IB, Kaplan DL, Reis RL. Antimicrobial coating of spider silk to prevent bac-
terial attachment on silk surgical sutures. Acta Biomater. 2019;99:236–46. 

	11.	 Henriksen NA, Deerenberg EB, Venclauskas L, Fortelny RH, Garcia-Alamino 
JM, Miserez M, Muysoms FE. Triclosan-coated sutures and surgical site 
infection in abdominal surgery: the TRISTAN review, meta-analysis and 
trial sequential analysis. Hernia. 2017;21:833–41. 

	12.	 Darvin VV, Lobanov DS, Krasnov EA, Gvozdetsky AN. Assessment of the 
effectiveness of the suture with triclosan coated in emergency surgery. 
Khirurgiia (Mosk). 2017;70–75.

	13.	 Masood R, Hussain T, Umar M, Azeemullah, Areeb T, Riaz S. In situ devel-
opment and application of natural coatings on non-absorbable sutures 
to reduce incision site infections. J Wound Care. 2017;26:115–20. 

	14.	 Guo J, Pan LH, Li YX, Yang XD, Li LQ, Zhang CY, Zhong JH. Efficacy of tri-
closan-coated sutures for reducing risk of surgical site infection in adults: 
a meta-analysis of randomized clinical trials. J Surg Res. 2016;201:105–17. 

	15.	 Meghil MM, Rueggeberg F, El-Awady A, Miles B, Tay F, Pashley D, Cutler 
CW. Novel coating of surgical suture confers antimicrobial activity 
against Porphyromonas gingivalis and Enterococcusfaecalis. J Periodontol. 
2015;86:788–94. 

	16.	 Chen SY, Chen TM, Dai NT, Fu JP, Chang SC, Deng SC, Chen SG. Do 
antibacterial-coated sutures reduce wound infection in head and neck 
cancer reconstruction? Eur J Surg Oncol. 2011;37:300–4. 

	17.	 De Simone S, Gallo AL, Paladini F, Sannino A, Pollini M. Development of 
silver nano-coatings on silk sutures as a novel approach against surgical 
infections. J Mater Sci Mater Med. 2014;25:2205–14. 

	18.	 Liu X, Gao P, Du J, Zhao X, Wong KKY. Long-term anti-inflammatory effi-
cacy in intestinal anastomosis in mice using silver nanoparticle-coated 
suture. J Pediatr Surg. 2017;52:2083–7. 

	19.	 Zhang S, Liu X, Wang H, Peng J, Wong KK. Silver nanoparticle-coated 
suture effectively reduces inflammation and improves mechanical 
strength at intestinal anastomosis in mice. J Pediatr Surg. 2014;49:606–13. 

	20.	 Ho CH, Odermatt EK, Berndt I, Tiller JC. Long-term active antimicrobial 
coatings for surgical sutures based on silver nanoparticles and hyper-
branched polylysine. J Biomater Sci Polym Ed. 2013;24:1589–600. 

https://doi.org/10.1186/s12893-020-00932-3
https://doi.org/10.1186/s12893-020-00932-3


Page 7 of 7Berninghausen et al. BMC Surg          (2020) 20:268 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	21.	 Walsh WR, Bertollo N, Christou C, Schaffner D, Mobbs RJ. Plasma-sprayed 
titanium coating to polyetheretherketone improves the bone-implant 
interface. Spine J. 2015;15:1041–9. 

	22.	 Rieger E, Dupret-Bories A, Salou L, Metz-Boutigue MH, Layrolle P, 
Debry C, Lavalle P, Vrana NE. Controlled implant/soft tissue interaction 
by nanoscale surface modifications of 3D porous titanium implants. 
Nanoscale. 2015;7:9908–18. 

	23.	 Wood MM, Warshaw EM. Hypersensitivity reactions to titanium: diagnosis 
and management. Dermatitis. 2015;26:7–25. 

	24.	 Fukushima A, Mayanagi G, Nakajo K, Sasaki K, Takahashi N. Microbiologi-
cally induced corrosive properties of the titanium surface. J Dent Res. 
2014;93:525–9. 

	25.	 Li H, Song T. Nickel-titanium wire as suture material: a new technique for 
the fixation of skin. J Craniofac Surg. 2018;29:e343–4. 

	26.	 Otto A, Mehl J, Obopilwe E, Cote M, Lacheta L, Scheiderer B, Imhoff AB, 
Mazzocca AD, Siebenlist S. Biomechanical comparison of onlay distal 
biceps tendon repair: all-suture anchors versus titanium suture anchors. 
Am J Sports Med. 2019;47:2478–83. 

	27.	 Patel SS, Aruni W, Inceoglu S, Akpolat YT, Botimer GD, Cheng WK, 
Danisa OA. A comparison of Staphylococcus aureus biofilm formation 
on cobalt-chrome and titanium-alloy spinal implants. J Clin Neurosci. 
2016;31:219–23. 

	28.	 Zhao L, Hu Y, Xu D, Cai K. Surface functionalization of titanium substrates 
with chitosan-lauric acid conjugate to enhance osteoblasts functions and 
inhibit bacteria adhesion. Colloids Surf B Biointerfaces. 2014;119:115–25. 

	29.	 Lee CY, Johnson CA Jr, Siordia JA, Lehoux JM, Knight PA. Comparison of 
automated titanium fasteners to hand-tied knots in open aortic valve 
replacement. Innovations (Phila). 2018;13:29–34. 

	30.	 Marin Laut FM, Gomez Cardenas EA, Dormido JR, Molina NM, Lopez 
Lopez JA. Spinal dural closure without suture: minimizing the risk of CSF 
leakage with a flat non-penetrating titanium U-clip. Neurocirugia (Astur). 
2019;30:173–8. 

	31.	 Nguyen KP, Teruya T, Alabi O, Sheng N, Bianchi C, Chiriano J, Dehom S, 
Abou-Zamzam A. Comparison of nonpenetrating titanium clips versus 
continuous polypropylene suture in dialysis access creation. Ann Vasc 
Surg. 2016;32:15–9. 

	32.	 Gostian AO, Pazen D, Luers JC, Huttenbrink KB, Beutner D. Titanium ball 
joint total ossicular replacement prosthesis–experimental evaluation and 
midterm clinical results. Hear Res. 2013;301:100–4. 

	33.	 Chanchareonsook N, Tideman H, Lee S, Hollister SJ, Flanagan C, Jansen JA. 
Mandibular reconstruction with a bioactive-coated cementless Ti6Al4V 
modular endoprosthesis in Macaca fascicularis. Int J Oral Maxillofac Surg. 
2014;43:758–68. 

	34.	 Shatkin-Margolis A, Merchant M, Margulies RU, Ramm O. Titanium surgi-
cal tacks: are they safe? Do they work? Female Pelvic Med Reconstr Surg. 
2017;23:36–8. 

	35.	 Khaled I, Priego P, Faisal M, Cuadrado M, Garcia-Moreno F, Ballestero A, 
Galindo J, Lobo E. Assessment of short-term outcome with TiO2 mesh 
in laparoscopic repair of large paraesophageal hiatal hernias. BMC Surg. 
2019;19:156. 

	36.	 Prassas D, Rolfs TM, Sirothia N, Schumacher FJ. Lightweight titanium-
coated mesh versus standard-weight polypropylene mesh in totally 
extraperitoneal inguinal hernia repair (TEP): a cohort analysis. Surg 
Laparosc Endosc Percutan Tech. 2016;26:e113–6. 

	37.	 Pereira-Lucena CG, Artigiani-Neto R, Lopes-Filho GJ, Frazao CV, Golden-
berg A, Matos D, Linhares MM. Experimental study comparing meshes 
made of polypropylene, polypropylene + polyglactin and polypropylene 
+ titanium: inflammatory cytokines, histological changes and morpho-
metric analysis of collagen. Hernia. 2010;14:299–304. 

	38.	 Tamme C, Garde N, Klingler A, Hampe C, Wunder R, Kockerling F. Totally 
extraperitoneal inguinal hernioplasty with titanium-coated lightweight 
polypropylene mesh: early results. Surg Endosc. 2005;19:1125–9. 

	39.	 Saalabian A, Steinhäuser K, Kneser U, Horch R. Verbesserung der 
Narbenästhetik durch titanbeschichtetes Nahtmaterial (Seratan) durch 
optimierte Wundheilung. Handchir Mikrochir Plast Chir. 2013;45:V0031. 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Scar quality examination comparing titanium-coated suture material and non-coated suture material on flap donor sites in reconstructive surgery
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patient collective
	Scar assessment via POSAS scores and clinical photography
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


