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1 |  INTRODUCTION

Tendon injuries are common and cause pain and reduced qual-
ity of life for patients. Rotator cuff tendon tears alone affect 
around 50% of those over 66 years of age,1 and many of these 
patients require surgical repair.2 However, despite exploration 
of different suture methods, surgical tendon repairs have poor 
outcomes due to suture pull- through or tissue re- tears, with 

40% of rotator cuff repairs failing within one year.3 This fail-
ure to successfully repair torn tendons causes long- term dis-
ability and represents a significant socioeconomic cost.4

Suture- based re- joining of tendon ends is the current 
gold standard surgical treatment for tendon injuries, but 
currently used sutures have been repurposed from other 
anatomical sites and have not been designed for the ten-
don niche. Clinically used sutures are manufactured from 
synthetic polymers with high tensile strength to provide 
mechanical augmentation. However, their topographical 

Received: 11 November 2020 | Revised: 7 January 2021 | Accepted: 25 January 2021

DOI: 10.1002/tsm2.233  

O R I G I N A L  A R T I C L E

In vitro evaluation of the response of human tendon- derived 
stromal cells to a novel electrospun suture for tendon repair

Andrey Nezhentsev1 |   Roxanna E. Abhari1  |   Mathew J. Baldwin1 |   Jolet Y. Mimpen1 |   
Edyta Augustyniak1 |   Mark Isaacs2,3 |   Pierre- Alexis Mouthuy1 |   Andrew J. Carr1 |   
Sarah J. B. Snelling1

Andrey Nezhentsev and Roxanna E. Abhari joint first authors.  

1Nuffield Department of Orthopaedics, 
Rheumatology, and Musculoskeletal 
Sciences, University of Oxford, Oxford, UK
2Department of Chemistry, University 
College London, London, UK
3HarwellXPS, Research Complex at 
Harwell, Rutherford Appleton Laboratories, 
Harwell Campus, UK

Correspondence
Roxanna E. Abhari, NDORMS, University 
of Oxford, Botnar Research Centre, Old 
Road, Headington, Oxford OX37LD, UK.
Email: roxanna.abhari@medschool.ox.ac.uk

Funding information
NIHR Oxford Biomedical Research Centre

Recurrent tears after surgical tendon repair remain common. Repair failures can be 
partly attributed to the use of sutures not designed for the tendon cellular niche nor 
designed for the promotion of repair processes. Synthetic electrospun materials can 
mechanically support the tendon while providing topographical cues that regulate cell 
behavior. Here, a novel electrospun suture made from twisted polydioxanone (PDO) 
polymer filaments is compared to PDS II, a clinically used PDO suture currently uti-
lized in tendon repair. We evaluated the ability of these sutures to support the attachment 
and proliferation of human tendon- derived stromal cells using PrestoBlue and scanning 
electron microscopy. Suture surface chemistry was analyzed using x- ray photoelec-
tron spectroscopy. Bulk RNA- Seq interrogated the transcriptional response of primary 
tendon- derived stromal cells to sutures after 14 days. Electrospun suture showed in-
creased initial cell attachment and a stronger transcriptional response compared with 
PDS II, with relative enrichment of pathways including mTorc1 signaling and depletion 
of epithelial- to- mesenchymal transition. Neither suture induced transcriptional upregu-
lation of inflammatory pathways compared to baseline. Twisted electrospun sutures 
therefore show promise in improving outcomes in surgical tendon repair by allowing 
increased cell attachment while maintaining an appropriate tissue response.
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characteristics (including fiber diameter) are dissimilar to 
native tendon, which is composed of multiple aligned small 
diameter collagen fibers. Furthermore, cells do not inte-
grate with the material,5 demonstrated by acellular zones 
forming around sutured sites.6,7 This lack of infiltration and 
integration likely contributes to poor tendon healing at the 
suture- tissue interface. In addition, immune and stromal 
cells drive a foreign body response to implantable mate-
rials including sutures. This can result in chronic inflam-
mation, which can hamper endogenous repair and lead to 
tissue failure.8

The use of sutures that enable cellular attachment and 
proliferation, and that do not raise a chronic inflamma-
tory response may improve the efficacy of tendon repair.5 
Electrospun materials show particular promise and can be 
produced from synthetic and clinically approved materials, 
including polydioxanone (PDO), which is an absorbable 
polymer used to produce PDS II sutures currently deployed in 
tendon repair. The high surface area and porosity of electro-
spun materials together with the ability to manufacture them 
with fiber diameters similar to the collagen fibers in native 
tendons provide biomimicry not afforded by conventional 
sutures.9 Electrospun materials also promote infiltration and 
proliferation of stromal cells, including those derived from 
tendon, and induce expression of tenogenic markers.10- 12 
Surface chemistry, fiber diameter, and alignment of materi-
als can tune cell behavior, and this can be exploited to drive 
repair. However, when manipulating the mechanical and 
topographical properties of a clinically approved material it 
is important to define the cellular response to its specific ma-
terial properties.

Twisting and braiding electrospun strands into bundles can 
direct cells to attach and grow in a parallel network, similar 
to the macroscopic architecture of tendon.14,15 The morphol-
ogy and proliferation of tendon- derived stromal cells cultured 
on electrospun materials have been previously described, 
but only a small number of selected genes were assessed in 
tendon- derived stromal cell gene expression analyses14,16- 18 
and response.7,13 Previous work has also described the twist-
ing of electrospun PDO fibers into prototype multifilament 
yarns that have similar a tensile strength to currently used su-
tures and that resemble the hierarchical structure of tendons.13 
Following in vivo tendon injury in a rat and sheep model, 
prototype electrospun sutures supported cellular infiltration 
with a minimal inflammatory response. Understanding how 
tendon cells interact with the material in vitro can therefore 
help predict how the electrospun suture will interact and in-
tegrate with tendon in vivo. The effect of twisted electrospun 
sutures on the global transcriptional profile of tendon- derived 
stromal cells in vitro or in vivo is not well explored. It there-
fore remains necessary to understand the response of tendon 
cells to sutures developed for their surgical repair, compared 
with sutures currently used in surgery.

The overarching aim of this in vitro study was to assess 
the potential of twisted electrospun PDO sutures in tendon 
repair. This builds on our previously published work13,19 and 
uses a modified electrospun suture that ensures uniformity 
of fiber diameter, and a high tensile strength and hierarchi-
cal structure that have potential to both mechanically and 
biologically support repair. We hypothesized that a twisted 
electrospun suture would promote tendon- derived stromal 
cell attachment and proliferation and induce a pro- reparative 
gene expression profile.

2 |  MATERIALS AND METHODS

2.1 | Manufacture of electrospun sutures

Electrospun monofilaments of PDO were produced ac-
cording to previously described methods.40 Polydioxanone 
(PDO; Riverpoint Medical, Portland, USA) was dissolved 
in 1,1,1,3,3,3- hexafluoroisopropanol (HFIP; Halocarbon 
Product Corporation, Atlanta, USA) at a concentration 
of 7% (w/v) in the presence of pyridine. Electrospinning 
was performed in a glove box using a single- nozzle high- 
voltage power supply system (30  kV, SL30P30/230; 
Spellman, West Sussex, UK) and a syringe pump (World 
Precision Instruments Limited, Florida, USA). Filaments 
were produced by using a thin stainless steel wire (100 μm 
in diameter; Goodfellow, Huntingdon, UK) as a collector. 
The wire was moved underneath the nozzle at a speed of 
0.5  mm/s with a bespoke winding unit. Electrospun fila-
ments were then continuously wound up onto a motorized 
filament spool, separating them from the wire collector. 
They were then stretched manually to 3x their original 
length. Then, 5x50 cm stretched monofilaments were taped 
at one end parallel to each other, and their other end was 
taped to a flathead screwdriver. 300 turns/meter were per-
formed in the S twist direction to create a ply yarn. 7 ply 
yarns were taped down and taped to a screwdriver as be-
fore, and 150 turns/meter were performed in the Z twist 
direction to create electrospun sutures. The opposite twist 
directions make the material “twist- neutral,” increasing its 
stability. The sutures were wound tightly around a spool, 
taped down, and annealed for 3 hr at 65°C in a laboratory 
oven (Genlab, Widnes, UK). The samples were stored in 
a desiccator (Bohlender, Grünsfeld, Germany) when not 
being handled to protect it from humidity.

Four 2- cm pieces of electrospun suture and PDS II 
(Ethicon Inc) were then melted together at both ends by 
holding near a 200°C hot wire (Proxxon, Axminster, UK). 
This formed mats that could be transferred between tissue 
culture wells without disrupting cells (Figure S1). The mats 
were sterilized by submerging in 70% ethanol for 2 hours and 
dried overnight. The sutures were washed twice in PBS and 
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soaked for 2  hours in D10 medium (DMEM- F12 (Thermo 
Fisher Scientific) supplemented with 10% fetal calf serum 
(Labtech, Melbourn, UK) and 1% penicillin- streptomycin 
(Thermo Fisher Scientific)).

2.2 | Tendon- derived stromal cell seeding

Waste healthy mid- body hamstring tendon tissue was col-
lected from four male patients aged 20- 43 (SD  ±  9.4  yr), 
BMI 21.46- 27.76 (SD  ±  2.77  kg/m2), during anterior cru-
ciate ligament reconstruction. Tendon- derived stromal cells 
were extracted and expanded from tendon explants as previ-
ously described18 (S2). 50,000 tendon- derived stromal cells 
(passage 3) were seeded dropwise onto the suture mats, or 
directly into empty wells for tissue culture plastic (TCP) con-
trols (3 technical repeats for each patient). TCP controls were 
used later to determine whether changes in gene expression 
were caused by cell- instructive cues provided by the suture 
materials. After 4 hours, mats were transferred into a new 12- 
well plate. The percentage of seeded cells that remained on 
the electrospun suture and PDSII after transferring to a new 
well was evaluated (S3).

2.3 | Scanning electron microscopy

Suture pieces were fixed for 10 min in 2.5% glutaraldehyde 
(Sigma- Aldrich, St. Louis, Missouri, USA), rinsed twice 
in deionized water, and dehydrated in a graded series of 
ethanol concentrations (Sigma- Aldrich) (40%, 70%, 90%, 
95%, 100%), for 2 min each. The sutures were left for 24 h 
in 100 μL of hexamethyldisilazane (Alfa Aesar, Haverhill, 
MA, USA). The sutures were gold- coated using the SC7620 
Mini Sputter Coater System (Quorum Technologies, Lewes, 
UK). The EVO LS15 Variable Pressure Scanning Electron 
Microscope (Carl Zeiss AG, Oberkochen, Germany) was 
used to capture images. Images were taken at 200X magnifi-
cation to visualize suture structure and at 2000X magnifica-
tion to visualize attached cells.

2.4 | Cell viability

Measurements of cell viability were performed by incubating 
cells seeded on sutures in 10% PrestoBlue for 2 hours on days 
1, 4, 7, 11, and 13 after seeding. PrestoBlue was prepared 
by mixing 10X PrestoBlue Cell Viability Reagent (Thermo 
Fisher Scientific) with medium pre- warmed to 37°C. The 
sutures were incubated in 2mL of 10% PrestoBlue for 2h at 
37°C. An empty well with 10% PrestoBlue was used to correct 
for background fluorescence. Due to insufficient numbers of 
cells, no calibration curve was generated for the PrestoBlue 

assay. However, previous experiments have shown that the 
number of tendon- derived stromal cells seeded and cultured 
on the sutures within 14 days is well within the limit of lin-
earity of this assay's dose- response curve. Changes in fluo-
rescence could therefore be used to indicate changes in cell 
number.

100µL samples (n  =  3) were taken from each of the 
wells and pipetted into a 96- well plate (Greiner Bio- One). 
Bubbles in the well were popped using a sterile needle (BD 
Microlance; Franklin Lakes, NJ, USA). Fluorescence was 
measured using a FLUOstar Omega Microplate Reader 
(BMG Labtech, Aylesbury, UK) at 544  nm excitation and 
590 nm emission. For each experiment, the gain was adjusted 
to a well with solution from cells cultured on electrospun su-
ture, where the highest fluorescence was expected. Resazurin 
in the PrestoBlue Cell Viability Reagent (Thermo Fisher 
Scientific) is reduced by living cells to the fluorescent re-
sorufin, so the fluorescence indicated cell viability. A mean 
fluorescence was calculated from the samples taken from 
each well (n = 3). The sutures were moved into fresh medium 
pre- warmed to 37°C after each assay.

2.5 | RNA extraction

RNA was extracted from hamstring tendon- derived stromal 
cells (n = 4 patients) after 14 days’ culture on sutures and 
TCP after 14 days’ culture and at baseline (time of seeding 
on sutures and TCP).20 The sutures were incubated in 700 
µL of TRIzol (Thermo Fisher Scientific) to lyse the cells. 
RNA was extracted using a Direct- zol RNA MicroPrep Kit 
(Zymo Research, Irvine, CA, USA) according to the manu-
facturer's protocol. RNA concentration was measured using 
a NanoDrop (Implen; Westlake Village, CA, USA). Samples 
were frozen at −80°C until RNA- Seq.

2.6 | RNA sequencing

Bulk RNA- Seq interrogated the tendon- derived stromal cells’ 
transcriptomic response to the sutures. Libraries were created 
using a NEBNext Ultra II Directional RNA Library Prep Kit 
for Illumina (New England Biolabs, Ipswich, MA, USA), 
and sequencing was performed on an Illumina NextSeq 500 
using a NextSeq High Output Kit. A quality control (QC) 
report was collated using the MultiQC tool (v1.7).21 Due to 
low percentage alignment with the reference genome, one 
PDS II sample did not pass QC and was excluded from anal-
ysis. Principal component analysis plots extracted the com-
ponents responsible for most of the dataset variance (S4). 
The DESeq2 package22 was utilized to undertake pairwise 
comparisons of gene expression at 14 days of culture. Gene- 
set enrichment analyses were performed using the cluster 
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Profiler package,23 and data were visualized using Enhanced 
Volcano and ggplot2.

2.7 | X- ray photoelectron spectroscopy

To assess the surface chemistry of sutures, sutures were flat-
tened into sheets by a hydraulic press (Specac, Orpington, 
UK) set to 8 tonnes for 30  seconds, and mounted onto a 
glass slide using double- sided carbon tape. x- ray photoelec-
tron spectroscopy (XPS) measurements were made using an 
AXIS Supra (Kratos Analytical, Stretford, UK) (S6).

2.8 | Data analysis

GraphPad Prism 8 (GraphPad Software Inc, San Diego, CA, 
USA) was used for statistical analysis of XPS and cell vi-
ability data. The D’Agostino- Pearson test was used to test the 
normality of the biological replicates. Unpaired t tests were 
used to determine whether there was a difference in between 
the two suture samples. The Holm- Sidak method was used to 
correct for multiple comparisons. Results were deemed sta-
tistically significant when P <.05, and statistical significance 
is displayed in shorthand as *P <.05, **P <.01, ***P <.001, 
and ****P <.0001. R and R packages (S5) were used to ana-
lyze gene expression data.

3 |  RESULTS

3.1 | Initial cell attachment was higher on 
twisted electrospun suture than PDS II

To compare the ability of electrospun and PDS II sutures to 
support attachment and proliferation of tendon- derived stro-
mal cells, cells were cultured for 13 days on each surface and 
assessed using SEM imaging and PrestoBlue viability assays. 
SEM images showed cells attaching to and proliferating on 
both sutures, with cell coverage increasing throughout the 
duration of the experiment (Figure 1A- H). PrestoBlue viabil-
ity analysis was used to give a surrogate measure of relative 
cell number over 13 days of tissue culture. The number of 
viable cells was higher on the electrospun suture compared 

with PDS II on day 1 (P <.001) (Figure 1I), indicating higher 
initial stromal cell attachment. The number of cells present 
on electrospun sutures remained higher throughout the cul-
ture period, with the electrospun suture containing 4 times 
as many cells than PDS II by day 13 (P <.0001) (Figure 1I). 
When cell number was baseline- corrected relative to day 1, 
there were no differences in proliferation rates on each suture 
material (Figure 1J).

3.2 | Electrospun suture elicits a stronger 
transcriptional response in tendon- derived 
stromal cells than PDS II

The transcriptome of tendon- derived stromal cells at baseline 
and cultured for 14 days on the sutures or TCP was evalu-
ated using bulk RNA- Seq. Differentially expressed genes 
(Padj < 0.05, LFC ± 1) of cells cultured for 13 days on elec-
trospun sutures, PDS II, and TCP compared with baseline 
are shown using volcano plots (Figure 2). After 14 days’ cul-
ture, 1849, 667, and 61 genes were differentially expressed 
on electrospun sutures, PDS II, and TCP, respectively, when 
compared to baseline (Figure 2A- C). When directly compar-
ing the transcriptome of cells cultured on electrospun and 
PDS II sutures on day 13, 122 genes were differentially ex-
pressed (Figure 2D).

Hallmark gene- set enrichment analysis was used to ana-
lyze whether the differentially expressed genes significantly 
contributed to changes in 50 well- defined biological pro-
cesses (Figure 3). While both sutures upregulated expression 
of gene sets associated with cell cycle progression (MYC and 
E2F targets) and DNA repair, the electrospun suture leads 
to more pronounced changes than PDS II. Additional differ-
ences between the two sutures could be seen in pathways re-
lated to inflammation (IL6- JAK- STAT3 signaling and TNF- α 
signaling via NF- κB) and hypoxia, which were significantly 
downregulated by PDS II, which is similar to TCP but not 
the electrospun suture. When directly comparing the two su-
tures, 18 gene sets were differentially regulated (Figure 3B) 
including enrichment for Mtorc 1 signaling and Myc tar-
gets, and a relative reduction in the gene sets belonging to 
the epithelial- to- mesenchymal transition pathway in cells 
cultured on electrospun suture compared with PDS II su-
tures. Gene ontology gene- set enrichment analysis found that 

F I G U R E  1  Effect of suture material on cell attachment and viability after 13 days of healthy tendon- derived stromal cell culture. (A- H) 
SEM images of suture materials at different points during cell culture with healthy human tendon- derived stromal cells (magnification 2000X). 
Red arrows point to attached cells. (A) Electrospun suture pre- seeding (x200 inset) and at days 1 (C), 7 (E), and 13 (G) after seeding. (B) PDS II 
pre- seeding and at days 1 (D) (x200 inset), 7 (F), and 13 (H) after seeding. (I) Fluorescence intensity, indicating the number of viable cells in the 
sample, plotted over a period of 13 days. There was a significantly higher fluorescence intensity from the electrospun suture compared with PDS II 
at each time point. (J) Fluorescence was also plotted relative to day 1 to indicate proliferation independent of initial cell attachment. No statistically 
significant differences were seen between electrospun suture and PDS II. (I- J) represent the average results of n = 4 patient samples cultured on 
n = 3 intra- experimental replicates of each suture. Error bars indicate standard deviation
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F I G U R E  2  Differentially expressed genes of tendon- derived stromal cells cultured on (A) electrospun (ES) sutures, (B) PDS II sutures, or (C) 
tissue culture plastic control for 14 days compared with baseline control (T0). (D) Differentially expressed genes of cells cultured on either ES or 
PDS II for 14 days. Genes meeting the statistical significance (P <.05) and have a log2 fold change of at least ± 1 are shown in red, n = 4 patients
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differentially regulated genes between electrospun and PDS 
II sutures contributed to changes in biological adhesion, cel-
lular component morphogenesis, and (collagen- containing) 
extracellular matrix.

3.3 | Local surface chemistry of electrospun 
sutures and PDS II is similar

While electrospun and PDS II sutures are both made of PDO, 
these results show that tendon- derived stromal cells cultured 
on these sutures have significant differences in attachment 
and transcriptional response. Differences in chemical func-
tional groups at the suture surface may mediate altered serum 

protein attachment, leading to the observed differences in 
tendon- derived stromal cell response electrospun and PDS 
II sutures.24 To establish whether differences in the struc-
ture or manufacturing processes of the sutures had resulted 
in differences in surface chemistry, XPS analysis was used 
to determine the functional groups present on the surface of 
the suture. Both sutures are made from PDO, containing C- -
C/C- H, C- O, and  C=Oy  functional groups, and these groups 
were all present on the surface of both sutures. Although 
there were subtle alterations in the abundance of C- O groups 
on the surface of electrospun compared with PDS II sutures, 
this did not reach statistical significance (Figure 4), suggest-
ing that differences in structure and manufacturing processes 
do not strongly affect suture surface chemistry.

F I G U R E  3  Changes in hallmark or Gene Ontology (GO) gene sets based on differentially expressed genes. Differentially expressed genes of 
tendon- derived stromal cells cultured on electrospun (ES) sutures, PDS II sutures, or tissue culture plastic (TCP) control significantly contributed 
to changes in well- defined biological processes. Enrichment analysis of gene clusters after 14 days of cell culture on the materials was compared to 
baseline control (T0), and gene clusters after culture on ES and PDS II were compared directly. NES = normalized enrichment score
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4 |  DISCUSSION

Tendon disease is common, and surgical repair of torn ten-
dons is prone to failure. Electrospun materials that mimic 
the hierarchical structure of tendon tissues could be used to 
support endogenous tissue repair. This work aimed to in-
vestigate the potential of a twisted electrospun suture in the 
surgical repair of tendon tears. Tendon- derived stromal cells 
showed increased attachment to electrospun sutures. We also 
demonstrated that electrospun sutures induced a distinct and 
stronger tendon- derived stromal cell transcriptomic response 
when compared to PDS II sutures.

Tendon- derived stromal cells attached to and prolifer-
ated on both electrospun sutures and PDS II, but initial cell 
attachment to electrospun sutures was significantly higher. 
There were no statistically significant differences in the su-
tures’ surface chemistry, which would have meant similar 
serum protein attachment and subsequent cell attachment. 
However, it is likely that the greater cell attachment to 
electrospun suture was caused by its highly textured sur-
face and high surface area, compared with the smoother 
surface of PDS II. Indeed, electrospun sutures are com-
posed of multiple twisted fibers with diameters that not 
only resemble collagen fibrils but have also been shown 
to promote fibroblast adhesion and infiltration.25,26 The at-
tachment of greater cell numbers could potentially lead to 
relative increases in ECM production, possibly accelerat-
ing tendon repair. Electrospun sutures have previously been 
shown to promote cellular infiltration in vivo and improved 
tissue integration, which could reduce the rate of suture 
pull- through.7

To investigate the sutures’ effects on gene expression, 
RNA- Seq was performed on healthy tendon- derived stro-
mal cells after 14 days’ culture on TCP, electrospun, and 
PDS II sutures. Ideally, sutures should stimulate a gene 

expression profile indicative of wound healing, upregulat-
ing pathways associated with cell proliferation and repair, 
without uncontrolled or sustained upregulation of fibrotic 
or inflammatory pathways.8,27 Tendon- derived stromal 
cells cultured on electrospun suture and PDS II both upreg-
ulated gene sets associated with the cell cycle, indicating 
enhanced cellular proliferation, and upregulated mTORC1 
signaling, indicating upregulation of pathways relating to 
wound healing, protein synthesis, and tendon maturation.28 
These results were more pronounced for electrospun su-
tures. PDS II is regarded as an immune- compatible suture, 
based on favorable cellular inflammatory responses in ro-
dent models of soft tissue repair, and therefore, the similar-
ities in response to PDS II and electrospun sutures support 
exploration of electrospun sutures for tendon repair.29- 31 
Tendon- derived stromal cells cultured on electrospun su-
tures also downregulated epithelial- to- mesenchymal tran-
sition and extracellular matrix gene sets, and upregulated 
NF- kB gene sets when compared to PDS II. This suggests 
they induce a wound- healing response that is not strongly 
fibrotic, potentially minimizing formation of weak scar 
tissue, which may lead to tendon repair failure.32 Surface 
chemistry, porosity, and topography are all able to regulate 
fibroblast behavior and may have contributed to the dif-
ferences in transcriptional profile of tendon- derived stro-
mal cells cultured on PDS II and electrospun sutures. Few 
genes were differentially expressed after 14  days of cul-
ture on TCP, indicating that PDS II and electrospun sutures 
provided cell- instructive cues and that gene expression 
changes in these sutures were not due to temporal changes 
due to prolonged culture alone. Although PDS II is consid-
ered biocompatible, it was not designed for repairing dam-
aged tendon tissue. By allowing increased tendon- derived 
stromal cell attachment while not inducing a fibrotic tran-
scriptional response, electrospun sutures could therefore 
improve the outcomes of surgical tendon repair when com-
pared to currently used sutures.

5 |  PERSPECTIVES

5.1 | Future directions and limitations

This work has a number of limitations. The electrospun 
suture is more porous and has a larger diameter than the 
PDSII suture, which could have influenced initial cell at-
tachment. However, the electrospun suture is meant to be 
used in its current form (with a larger diameter), so compar-
ing to PDSII is useful to evaluate whether the electrospun 
suture could provide value over currently used sutures. 
Tendon- derived stromal cells from diseased tendons would 
better recapitulate the response of pathological tissue to the 
materials. Tissue from massive rotator cuff tears (>5cm) 

F I G U R E  4  Suture surface characterization using x- ray 
photoelectron spectroscopy. High- resolution carbon and oxygen XPS 
spectra, comparing carbon in various chemical states at the surface of 
the sutures (surface atomic %). No statistically significant differences 
in suture surface chemistry were observed. The figure represents 
the average results of n = 3 points on a suture sample. Graphs show 
mean + SD
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is in greatest need of improved augmentation materials, as 
they have the highest rate of failure.33 Finally, during sur-
gical repair, the damaged tendon is rapidly infiltrated by 
macrophages,34 which could alter the cellular environment 
that biomaterials are exposed to.35,36 Tendon- derived stro-
mal cells co- cultured with monocyte- derived macrophages 
would more accurately recapitulate the diseased tendon 
niche.

As bulk RNA- Seq can mask the response of cell subsets, 
it is also necessary to explore cell type– specific responses to 
various sutures. Recent reports have used single- cell RNA- 
Seq of healthy and diseased tendon to identify 8 or more 
subpopulations of tendon cells, including 5 distinct types of 
tendon- derived stromal cells.37,38

Endogenous tendon repair lasts longer than the 14 days 
of tissue culture conducted in this study and occurs within 
a loading environment.39 However, it should be noted that 
Rashid et al examined the in vivo response of English Mule 
sheep tendon 3  months after surgical repair with a similar 
electrospun suture to the one described in this paper.7 There 
were little inflammation and extensive cellular infiltration 
into the suture upon histological examination.

6 |  CONCLUSIONS

This study compared the tendon- derived stromal cell re-
sponse to clinically used PDS II and a novel twisted PDO 
electrospun suture. Compared to PDS II, a currently used 
and safe suture, electrospun sutures demonstrated greater cell 
attachment and tendon- derived stromal cell transcriptomic 
response indicative of cell proliferation and wound healing 
without significant fibrosis. These results indicate that elec-
trospun suture is a promising material that may improve the 
outcomes of surgical tendon repair.
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