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Abst rac t
Introduction: The method to prevent progression of symptoms in tethered cord syndrome (TCS) is neurosurgery. 
However, postoperative wound healing is a lengthy process and is hindered by the release of cerebrospinal fluid 
(CSF) through the wound. To the best of the authors’ knowledge, there is no study evaluating the changes in the 
expression of factors involved in the wound healing process after neurosurgery for TCS. 
Aim: To clinically analyse 2 cases of TCS and evaluate the change in expression of selected genes during the post-
operative wound healing process. 
Material and methods: Determination of TCS in two adult patients (woman, aged 26 years; man, aged 53 years) 
was based on magnetic resonance imaging (MRI). After confirming the initial diagnosis, a neurosurgical procedure 
was performed to remove the intrathecal spreading adipoma and transect the medullary terminal thread in patients. 
In the postoperative period, impaired wound healing was noted as a result of CSF secretion through the surgical 
wound.
Results: Molecularly, there was an increase in expression of all genes assessed in skin biopsy specimens compared 
to skin samples. Impaired postoperative wound healing after neurosurgery for TCS is expected due to CSF leakage 
through the surgical wound. The greatest changes were noted for metalloproteinases (MMPs) and four isoforms 
(A–D) of vascular endothelial growth factor A-D (VEGF-A-D; p < 0.05).
Conclusions: Changes in the expression of our selected genes can be used to monitor and predict the process of 
wound healing and scar formation, which occurred in our cases at 19 and 20 days after surgery. 

Key words: wound healing, gene, tethered cord syndrome, transforming growth factor β, RTqPCR, spinal stenosis, 
surgical treatment.

Introduction

Tethered cord syndrome (TCS) is any low position of 
the spinal conus below the L3 vertebral body caused by 
a thickened, shortened terminal strand. The definition 
has been expanded to include any low position of the 
spinal cord due to causes such as fatoma, postoperative 
scarring changes, or adhesions resulting from a history of 
trauma [1, 2]. TCS results from abnormal embryogenesis 
during the process of retrograde differentiation of a set 
of cells of the caudal region. Previously formed caudal 

cells undergo directed necrosis and only the terminal 
niche, cuneiform ligament, and terminal conchae remain 
until 11 weeks of foetal life. Inappropriate cell necrosis 
gives rise to a thickened terminal nematode and/or ter-
minal thread lipoma [3–6]. Symptoms and neurological 
deficits in TCS are caused by hypoxia in the distended 
medulla due to vascular insufficiency. The most com-
mon symptoms are back pain, lower extremity weakness, 
sphincter dysfunction, and sciatica-type pain. In addition 
to neurological symptoms, the following may be present: 
skin stigmata, foot deformity, scoliosis of the thoracic 
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and lumbar spine, muscular atrophy of the lower extrem-
ities [7–9]. According to O’Connor, by 2019, a total of only  
730 cases of TCS in adults have been described [2].

In spite of the identical radiological picture and similar 
pathophysiology, the clinical presentation of TCS differs be-
tween children and adults. In children, common symptoms 
include foot deformity, progressive scoliosis, gait distur-
bances, sphincter disorders, and trophic ulcers of the lower 
extremities, which are rare in adults [10–12]. In adults, how-
ever, the most common symptom is pain, which rarely ac-
companies this disease diagnosed in childhood. In contrast to 
adults, growth acceleration is an important factor exacerbat-
ing the disease in children, whereas in adults the symptoms 
are exacerbated by trauma, lumbar spondylosis, lumbar dis-
copathy, and degenerative spinal stenosis [13, 14]. It has been 
proposed to divide patients with TCS into four groups [15]: 
1.  True TCS (medullary cone located low, accompanying small 

adipoma, thickened terminal niche); 
2.  Partial TCS (spinal cord dysfunction caused by cord tension, 

for example, as a result of trauma, without an anatomical 
low-lying cord with a full set of characteristic symptoms);

3.  Non-traction-induced conditions with symptoms similar 
to TCS;

4.  Medullary cleft in the medullary conus or extensive myelo-
meningocele in the superior lumbar region (neurological 
symptoms are due to medullary cleft or dysgenesis in the 
superior lumbar region; there are no active neurons in the 
conus).
Of these, the first group is the most promising, but full 

recovery is doubtful [15]. 
The treatment of choice for TCS is neurosurgical transec-

tion of the spinal cord end thread. Unfortunately, the healing 
process is hindered due to the release of cerebrospinal fluid 
(CSF) through the surgical wound [16–19]. The key factors in 
the wound healing process are transforming growth factor β 
(TGF-β) superfamily [20, 21], four isoforms (A–D) of vascular 
endothelial growth factor (VEGF) [22], tumor necrosis factor α 
(TNF-α) [23], extracellular matrix metalloproteinases (MMPs) 
[24, 25], fibroblast growth factors (FGF) or interleukins (ILs), 
and genes encoding collagen (COL) proteins [26]. To date, to 
the best of the authors’ knowledge, there has been no study 
evaluating the changes in the expression of factors involved 
in the wound healing process after neurosurgery for TCS. 

Aim

The aim of this study was to clinically analyse 2 cases 
of TCS and evaluate the change in expression of selected 
genes during the postoperative wound healing process. 

Material and methods

Case 1 

The patient, aged 28 years, was admitted to the Neu-
rosurgery Department due to lumbosacral (L/S) pain ra-
diating to lower limbs and sphincter disturbances with 

urinary and faecal incontinence. On admission, she also 
complained of progressive weakness of lower limbs for 
about a year. Neurological examination revealed weak-
ness of lower limbs in dorsiflexion and plantar flexion of 
the foot, bilateral abolition of Achilles tendon reflexes, 
and sensory disturbances of bifurcation type affecting 
S1, S2 and, S3 roots and the perineal area. 

 Magnetic resonance imaging (MRI)  
of the lumbosacral (L/S) spine

An MRI scan (1.5 T) showed a low-terminal spinal cone 
at the S2 level with a thickened terminal nerve, as well as 
a lesion with a high signal at T2 time, which corresponds to 
an intramedullary adipoma spreading into the subcutane-
ous tissue through the unattached L5 arch. The image corre-
sponding to the first type of TCS can be observed in Figure 1. 

Surgery and early postoperative period

The patient was operated under general endotracheal 
anaesthesia in the supine position. The skin was incised in 
the lumbosacral region at 7 cm over the spinous process 
of L5 and the sacral crest. After removal of the spinous 
processes of the L5 and S1 vertebral arches, the operating 
microscope and microsurgical technique were used. The 
meningeal sac was incised above the site of the adipose 
tissue exit, and the entire mass of the adipose tissue, 5 cm 
in diameter with the spinal nerve roots passing through it, 
was visualized. The adipose had spread beyond the spinal 
canal into the adipose tissue. The tumour was removed 
subtotally. Complete resection was not possible because 
of the overgrowth of the spinal nerves and the consequent 
risk of their damage. The entoptic thread visible under the 
operating microscope was thicker than the nerve roots 
and had a white iridescent colour with connective tis-
sue fibres visible on its surface. After cutting the terminal 
thread, a reduction in the tension of the nerve elements 
was obtained. In order to verify the nerve structures, in-
traoperative monitoring was used: sensory and motor 
evoked potentials (SSEP) and electromyogram (EMG). The 
12 mm long subcutaneous steel electrodes were used for 
SSEP stimulation and monitoring of lower limbs. EMG was 
studied using 25 mm electrodes placed in the quadriceps 
femoris, tibialis anterior, and gastrocnemius muscles, bilat-
erally. Electrodes were also placed bilaterally in the exter-
nal rectus sphincter muscles. An electrode was placed on 
the Foley catheter to monitor the external urethral sphinc-
ter. Bipolar stimulation was applied during preparation to 
assess the functionality of the neural tissue. The poten-
tials evoked by manipulation or stimulation of the moni-
tored nerve roots were processed by the neuromonitoring 
system into sound signals heard and interpreted by the 
surgeon. The patient had significant improvement in lower 
limb mobility and sphincter function. There was minimal 
improvement in sensation. The pain in the lumbar region 
remained unchanged. The early postoperative period was 
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complicated by a fluid cyst, palpable subcutaneously and 
visible on postoperative MRI (Figure 2). The CSF collection 
was treated with several punctures and evacuation of the 
fluid. The patient was discharged on postoperative day 14. 
A scar at the surgical wound site developed 20 days after 
surgery.

Late postoperative period

The patient had significant improvement in lower 
limb mobility and sphincter function. There was mini-
mal improvement in sensation. The pain in the lumbar 
region remained unchanged. The patient was consulted 
on an outpatient basis 12 months after the surgical treat-
ment. She did not report any recurrence of symptoms 
and the therapeutic effect remained good. MRI examina-
tion showed healed surgical area and subtotally removed 
adipose tissue (Figure 3).

Case 2 

A 53-year-old patient was admitted to the Depart-
ment of Neurosurgery because of urinary incontinence 
(neurogenic bladder) unsuccessfully treated in the urol-
ogy outpatient clinic. The patient also complained of low 
back pain, which had been exacerbated after exertion for 
about 14 months. The neurological examination revealed 
weakness of lower limbs in dorsal and sole flexion of the 
foot, bilateral abolition of Achilles tendon reflexes, sen-
sory disturbances of bifurcation type affecting S1, S2, S3 
roots, and difficulties in walking,

MRI examination of the L/S spine

MRI (1.5 T) showed a thickened terminal strand with 
a low-lying spinal cone at the S2 level and an accompa-
nying terminal strand fatoma, which argues for the first 
type of TCS (true TCS, Figure 4). 

Figure 1. Pre-operative MRI examination of the first patient. A – T1 FSE S time with contrast; visible end-striatal fatoma 
and non-union of L5 and S1 arch. B – T2 time. C – axial sections at T2 time; widening of the spinal canal, filled with adi-
poma. D – axial sections at T1 time with contrast; the tumour shows no contrast enhancement

A B

C D
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Surgery and early postoperative period

The patient was operated under general endotrache-
al anaesthesia. During the surgery, neuromonitoring was 
used: evoked sensory-motor potentials from the lower 

limbs and EMG of the anal sphincter, urethra, and muscle 
groups supplied by the L2–S2 spinal nerve roots as in the 
previously described case. The skin was incised in the 
lumbosacral region at 7 cm over the spinous process of 

Figure 2. MRI examination in the early postoperative period in the first patient. A – T2-weighted postoperative study with 
visible fluid cyst. B – T1-weighted contrast-enhanced MR study with visible cyst and partially removed adipoma. C – Axial 
sections of T2-weighted contrast-enhanced MR study; fluid collection and degree of resection visible

Figure 3. MRI scan at 12 months after surgery in the first patient. A – T2-weighted MR imaging with a healed surgical 
approach area. B – T1-weighted MR imaging with variable flip; a properly healed surgical approach area. C – T1-weighted 
MR imaging, axial sections; healed wound with the visible laminectomy site

Figure 4. Preoperative MRI examination of the second patient. A – T1-weighted study showing end-strand adipose and 
end cone at L5-S1. B – T1-weighted study, coronary sections; visible ratio of the fatoma to the terminal strand. C –  axial 
sections at T2 time; fat pad filling the vertebral canal with visible end thread

A B C

A B C

A B C
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L5 and the sacral crest. After dehiscence of the spinal 
extensor muscles, the sacrum and L5 vertebral arch were 
visualized. A partial laminectomy of the lower part of the 
L5 arch and laminectomy of S1 to S3 was performed. The 
fat pad was separated from the dura mater, resulting in 
a reduction in tension of the terminal strand. The end-
to-end transection was abandoned due to the decreased 
tension of the nerve elements after separation of the adi-
pose tissue. The adipose tissue was partially removed be-
cause of the close proximity of the nerve roots and high 
risk of their damage during the removal. Intraoperative 
monitoring was used during surgery as in the previous 
case. The patient’s pain decreased, with no significant 
effect on sphincter control. Similar to the previous case, 
difficulties in postoperative wound healing were noted 
due to the fluid cyst. The patient was discharged on 
postoperative day 14. A scar at the surgical wound site 
developed 19 days after surgery.

Late postoperative period

Ten months later, during another outpatient visit, MRI 
was performed (Figure 5). Clinically, the patient’s condi-
tion had improved since discharge from the neurosurgery 
department, pain was significantly reduced, and sphinc-
ter function did not deteriorate.

Microbiological evaluation of cerebrospinal fluid

Standardly used media, that is, blood agar and choco-
late agar, were used for microbiological evaluation of the 
collected CSF. 

Samples

Biopsy specimens of skin tissue approximately  
3 mm in diameter over the spinous process of L5 and 
the sacral crest were taken during surgery (time 0) and 
then on days 1, 7, and 10, postoperatively, from both pa-
tients during CSF aspiration. Controls were skin tissue 

biopsy specimens obtained from the same patients at 
the same time intervals from the gluteal region. Sam-
ples were preserved in RNAlater solution (Thermo Fisher 
Scientific, Waltham, MA) and stored at –20°C until mo-
lecular analysis.

Molecular analysis

Total ribonucleic acid (RNA) was isolated from skin 
samples using Trizol reagent (Invitrogen Life Technolo-
gies, Carlsbad, CA, USA) according to the manufacturer’s 
recommendation. RNA extracts were then evaluated 
qualitatively (electrophoresis in 1% agarose gel with 
ethidium bromide) and quantitatively by spectropho-
tometry. The expression pattern of the genes evaluated 
was determined by real-time reverse transcription poly-
merase chain reaction (RTqPCR) using two endogenous 
controls: β-actin (ACTB) and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). The thermal condition of  
RTqPCR was as follows: reverse transcription (45°C for  
10 min), activation of the polymerase (95°C for 2 min), 
and 40 cycles including denaturation (95°C for 5 s), an-
nealing (60°C for 10 s), and elongation (72°C for 5 s). We 
used the SensiFASTTM SYBR No-ROX One-Step Kit, (Bio-
line, London, UK). The nucleotide sequence of the prim-
ers is shown in Table 1. All the reactions were performed 
in triplicate in 96-well plates. Changes in gene expression 
over time were presented using the relative gene expres-
sion score method (2–ΔΔCT method) as Fold Change (FC).

Statistical analysis

Statistical analysis was performed using the Statis-
tica 13 PL program (StatSoft, Cracow, Poland) at a statisti-
cal significance threshold of p < 0.05. The Kruskal-Wallis 
analysis of variance followed by Dunn’s post-hoc test 
were used to determine statistically significant changes 
in the expression of each gene during the observation 
period.

Figure 5. MRI scan at 12 months after surgery in 2 patients. A – MR T2 examination, postoperatively; visible postoperative 
wound, partially removed lipoma. B – MR T2 examination, postoperative coronal sections; remaining part of the adipoma 
is visible. C – MR T2 examination, postoperative axial sections

A B C
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Results

Molecular evaluation of CSF

Cerebrospinal fluid aspirated several times was sub-
jected to microbiological analysis, with negative results 
each time.

 Alteration of gene expression profile determined 
by RTqPCR technique

Changes in the expression profile of analysed genes 
were presented in Supplementary Table S1 (https://links.
lww.com/). Regardless of the observation time, overex-
pression was observed for all evaluated transcripts in 
the test samples compared to the control. However, gene 
expression in the samples obtained during the neurosur-
gery (time 0) was at a similar level as in the control. In 
contrast, significant increases in the transcriptional activ-
ity of the genes evaluated were observed on subsequent 
days of observation (days 1, 7, and 10), with the greatest 
changes observed for MMPs and vascular endothelial 
growth factor A–D (VEGF-A–D; p < 0.05). Changes in the 
expression of analysed genes were presented in Table 1. 

Discussion 

Amongst patients referred to and treated by urolo-
gists and general practitioners, a small group of patients 
has undiagnosed TCS. This necessitates an MRI scan to 
detect the condition, which is not easy due to the rarity 
of the disease, especially in adulthood [27, 28].

TCS requires surgical treatment, consisting of tran-
section of the terminal strand and partial or total resec-
tion of the associated terminal strand lesion using an op-
erating microscope and neuromonitoring, which greatly 
improves patient outcomes [29–35].

Yamada et al. demonstrated on a cat model that, 
with uniform traction on the spinal cord, different spinal 
cord segments elongate to different degrees, with the 
distal segments of the spinal cord being most vulnerable 
to elongation. This explains the appearance of character-
istic neurological symptoms, which are a manifestation 
of decreased oxygen metabolism in the stretched seg-
ments of the spinal cord. Evoked potentials are also de-
creased, and after the reduction of traction they returned 
to normal except for the evoked potentials of interneu-
rons [36]. Yamada et al. presented a division of the oper-
ated patients into three groups. The group with slight 
to moderate traction on the cord achieved full recovery 
after 2–4 weeks; in the third group, patients recovered 
partially only [37].

The most common complication after surgical treat-
ment is subcutaneous fluid collection, which is treated 
(as in the case of the presented patients) with a series 
of punctures and evacuation of CSF or may require dura 
mater plication. The rarer complications include surgical 
wound infection, fluid from the surgical wound, epidural 

hematoma, or neurological complications, for example, 
impaired dorsiflexion of the foot or worsening of bladder 
dysfunction. In most studies of TCS, full recovery of the 
lost function is rare, with a particularly poor prognosis 
for sphincter function; surgical treatment is effective for 
pain and sensory dysfunction [1, 14, 38, 39].

In our study, we first analysed the expression pattern 
of 22 mRNAs associated with wound healing. The genes 
were selected based on the available literature [20, 21, 
24–26]. The process of wound healing is multistage and 
begins with the formation of an aggregate at the wound 
site from platelets, which are a source of cytokines, pri-
marily TGF-β, resulting in the conversion of fibrinogen 
into fibrin, which forms a temporary scaffold into which 
neutrophils, macrophages, mast cells, a source of cyto-
kines and growth factors, invade within 48 h. Then, in 
the proliferative phase, the synthesis of collagen fibres 
and influx of fibroblasts are noted. Angiogenesis begins 
at the moment of endothelial cell migration to the fibrin 
matrix, during which an increase in the activity of TGF-β, 
VEGF, and FGF is noted, stimulating the formation of new 
blood vessels [40, 41]. 

During our observation, the greatest changes were 
observed in TGF-β, VEGF, MMP, transforming growth fac-
tor α (TGF-α), genes encoding proteins involved in the 
first stages of wound healing, accompanied by intensive 
angiogenesis, which enables the influx of nutrients and 
oxygen at the wound site and its healing. Nevertheless, 
an increase in the expression of genes encoding colla-
gen, which plays a key role in the proliferative phase of 
wound healing, can also be observed. Considering that 
molecular changes precede phenotypic changes [42, 43], 
evaluation of changes in the expression of our selected 
genes can be used to monitor and predict the process of 
wound healing and scar formation, which occurred in our 
cases at 19 and 20 days after surgery. 

Our work has strengths and weaknesses. The un-
doubted value of the study is the evaluation of changes 
in the expression profile of genes involved in wound heal-
ing during the 14-day follow-up. It is reasonable to per-
form molecular analysis on a larger number of patients 
with TCS; however, due to the rarity of this disease in the 
adult group, it may be very difficult. One potential solu-
tion would be to perform a multicentre follow-up, which 
could allow increasing the group size. 

Given the rarity and uncharacteristic pattern of symp-
toms, the diagnosis of TCS can be very difficult, in which 
case MRI is crucial. Surgical treatment using microsur-
gical techniques and neuromonitoring is an effective 
method of stopping the progression of the disease and 
relieving patients from bothersome symptoms.
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Table 1. Differences in the expression pattern of genes related to the wound healing process during the observation 
period

mRNA 0 day 1 day 7 days 10 days p < 0.05

TGF-β1 (+) 1.42 (1.41;1.42) (+)4.53 (4.51; 4.55) (+)32.20 (32.19; 32.21) (+)29.98 (29.97; 30.00) 0.021A 
p < 0.0001B,C,D,E

p > 0.05F

TGF-β2 (+)1.07 (1.03;1.09) (+)5.03 (5.00; 5.07 (+)23.20 (23.19; 23.20) (+)23.05 (23.02; 23.09) 0.0014A 
p < 0.0001B,C,D,E

p > 0.05F

TGF-β3 (+)1.22 (1.20; 1.23) (+)5.14 (5.11; 5.15) (+)29.09 (29.08; 29.09) (+)32.95 (32.93; 32.97) 0.0012A 
p < 0.0001B,C,D,E

p > 0.05F

VEGF-A (+)1.32 (1.31; 1.32) (+)12.82 (12.81; 12.82) (+)21.10 (21.09; 21.11) (+)27.19 (27.18; 27.20) p < 0.0001B,C,D,E

0.009F

VEGF-B (+)1.18 (1.12; 1.23) (+)12.86 (12.80; 12.92) (+)121.05 (121.03; 121.08) (+)99.65 (99.93; 99.66) p < 0.0001B,C,D,E

0.021F

VEGF-C (+)1.02 (-.1.01; 1.02) (+)11.62 (11.60; 11.63) (+)176.43  
(176.25; 177.00)

(+)145.98  
(145.97; 145.99)

p < 0.0001B,C,D,E

0.009F

VEGF-D (+)1.14; (1.12; 1.15) (+)16.22 (16.20; 16.22) (+)156.82  
(156.80; 156.88)

(+)100.11  
(100.10; 100.12)

p < 0.0001B,C,D,E

0.006F

MMP-2 (+)1.09 (1.08; 1.09) (+)21.04 (21.02; 21.09) (+)87.98 (87.97; 87.99) (+)23.62 (23.61; 23.65) p < 0.0001A,B,C,D

p > 0.05E, 0.005F

MMP-8 (+)1.04 (1.00; 1.08) (+)18.54 (18.53; 18.55) (+)83.12 (83.10; 83.13) (+)13.83 (13.81; 13.84) p < 0.0001A,B,C,D

0.034E, 0.005F

MMP-9 (+)1.13 (1.12; 1.14) (+)21.83 (21.80; 21.85) (+)45.91 (45.90; 45.92) (+)21.05 (21.04; 21.06) p < 0.0001A,B,C,D

 p > 0.05E, 0.012F

MMP-7 (+)1.22 (1.21; 1.23) (+)19.11 (19.10; 19.12) (+)35.02 (35.00; 35.03) (+)12.11 (12.10; 12.13) p < 0.0001A,B,C,D

0.022E

MMP-13 (+)1.22 (1.22; 1.23) (+)31.02 (30.99; 31.06) (+)98.20 (98.19; 98.22) (+)22.51 (22.50; 22.54) p < 0.0001A,B,C,D

0.018E,F

TNF- α (+)1.72 (1.71; 1.74) (+)21.12 (21.11; 21.27) (+)34.53 (34.52; 34.56) (+)23.99 (23.97; 24.00) p < 0.0001A,B,C,D

p > 0.05E, 0.003F

IL-1β (+)1.09 (1.08; 1.10) (+)18.45 (18.41; 18.49) (+)41.28 (4122; 41.32) (+)22.89 (22.89; 22.91) p < 0.0001A,B,C,D

p > 0.05E, 0.015F

FGF-2 (+)1.12 (1.11; 1.13) (+)17.93 (17.92; 17.94) (+)23.98 (23.98; 23.99) (+)11.98 (11.97; 11.99) p < 0.0001A,B,C,D

0.037E, 0.0041F

EFG (+)1.23 (1.22; 1.23) (+)12.03 (12.01; 12.05) (+)10.87 (10.86; 10.88) (+)12.12 (12.10; 12.13) p < 0.0001A,B,C,D

p > 0.05E,F

COL1A1 (+)1.11 (1.10;1.12) (+)5.47 (5.45; 5.51) (+)3.98 (3.96; 4.02) (+)10.34  
(10.33; 10.35)

0.0031A

p < 0.0001B,C

0.0412D, 0.0026E, 0.002F

COL1A2 (+)1.23 (1.21; 1.24) (+)5.99 (5.99; 6.01) (+)10.24 (10.22; 10.25) (+)13.76 (13.75; 13.77)  0.0033A

p < 0.0001B,C,D  
p > 0.05F

COL5A1 (+)1.21 (1.19; 1.23) (+)4.12 (4.11; 4.13) (+)10.32 (10.30; 10.33) (+)16.73 (16.71; 16.74) 0.0049A

p < 0.0001B,C,D,E

0.025F

TGF-α (+)1.01 (1.00; 1.02) (+)7.89 (7.87; 7.90) (+)43.91 (43.89; 43.92) (+)32.04 (32.02; 32.05) p < 0.0001A,B,C,D,E

0.041F

IGF1 (+)1.21 (1.24; 1.20) (+)11.01 (10.99; 11.02) (+)19.93 (19.92; 19.94) (+)22.12 (22.11; 22.14) p < 0.0001A,B,C,D

p > 0.05F, 0.0011E

KGF-2 (+)1.09 (1.08; 1.10) (+)6.17; (6.16; 6.18) (+)15.09 (15.02; 15.11) (+)41.45 (41.42; 41.51) 0.0019A

p < 0.0001B,C,D,E

0.026F

TGF-β1 – transforming growth factor β1. TGF-β2 – transforming growth factor β2, TGF-β3 – transforming growth factor β3, VEGF-A – vascular endothelial growth factor A, 
VEGF-B – vascular endothelial growth factor B, VEGF-C – vascular endothelial growth factor C, VEGF-D – vascular endothelial growth factor D, MMP-2 – metalloproteinase 2,  
MMP-7 – metalloproteinase 7, MMP-8 – metalloproteinase 8, MMP-13 – metalloproteinase 13, TNF-α – tumor necrosis factor α, IL-1β – interleukin 1 β, FGF2 – fibroblast 
growth factor 2, EGF – epidermal growth factor, COL1A1 – α1 type I collagen, COL1A2 – α2 type I collagen, COL5A1 – α5 type I collagen, TGF-α – transforming growth 
factor α, IGF1 – insulin growth factor 1, KGF2 – keratinocyte growth factor 1, (+) – upregulated vs. control, (–) – downregulated vs. control, Astatistically significant differ-
ences in gene expression between day 0 and 1 (post-hoc Dunn’s test; p < 0.05), Bstatistically significant differences in gene expression between day 0 and 7 (post-hoc 
Dunn’s test; p < 0.05), Cstatistically significant differences in gene expression between day 0 and 10 (post-hoc Dunn’s test; p < 0.05), Dstatistically significant differences 
in gene expression between day 1 and 7 (post-hoc Dunn’s test; p < 0.05), Estatistically significant differences in gene expression between day 1 and 10 (post-hoc Dunn’s 
test; p < 0.05), Fstatistically significant differences in gene expression between day 7 and 10 (post-hoc Dunn’s test; p < 0.05); Median (lower quartile; upper quartile).
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cal Committee operating at the Regional Medical Cham-
ber in Krakow was obtained for this study (no. 162/KBL/
OIL/2021). Informed consent was obtained from all sub-
jects involved in the study. The data used to support the 
findings of this study are included in the article. The data 
will not be shared due to the third-party rights and com-
mercial confidentiality.
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