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Abstract: Objective: This study aimed to explore the therapeutic effect of surgery using platelet-rich plasma com-
bined with a skin flap transplant on open foot fractures with a soft tissue defect. Methods: From February 2017 to
March 2020, 72 patients with open foot fractures and soft tissue defects were recruited as the study cohort. The
patients who underwent surgery with just a flap transplant were placed in the control group (the CG) (35 cases),
and the patients who underwent surgery using platelet-rich plasma combined with a flap transplant were placed
in the research group (the RG) (37 cases). The wound volume changes before and after the treatment, the wound
healing times, the fracture healing times, and any adverse prognostic reactions were observed. The pre- and post-
treatment VAS and SF-36 scores were observed and recorded. Results: The total effective rate in the RG (100.00%)
was significantly higher than the total effective rate in the CG (88.57%) (P=0.034). After the treatment, the wound
volumes were lower in both groups, and the volume in the RG was smaller than it was in the CG at 3 weeks and 6
weeks after the treatment (P < 0.05). The average wound healing time in the RG (22.40 + 2.10 days) was signifi-
cantly lower than it was in the CG (32.20 + 3.30 days) (P > 0.05). The average fracture healing time in the RG (6.50
+ 2.20 months) was significantly lower than it was in the RG (7.51 + 2.33 months) (P > 0.05). The total incidence of
adverse reactions to the treatment in the RG was 2.70%, and in the CG it was 11.43%. After the treatment, the VAS
scores in the RG were significantly lower than they were in the CG (P < 0.05), and the SF-36 scores in the RG were
significantly higher than the SF-36 scores in the CG (P < 0.05). Conclusion: Platelet-rich plasma combined with a
skin flap transplant can accelerate the healing times of wounds and fractures and lessen the occurrence of adverse
reactions during the patients’ treatment.
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Introduction that may affect the treatment outcome and
increase the incidence of adverse reactions
and the cost of treatment. The treatment can

not only protect life, limb, and function, but it

Fractures are a common worldwide health
problem [1]. When patients suffer a fracture,

the skin and subcutaneous soft tissue covering
the fracture site are sometimes damaged and
broken, which exposes the end of the fracture.
This phenomenon is called an open fracture
[2]. Sometimes, serious injuries may occur in
the complete soft tissue capsule, as the
wounds can lead to the exposure of the frac-
ture hematoma with the contaminated area
and the potentially complex soft tissue compo-
nents required for the reconstruction, so the
treatment of open injuries is more complicated
[3]. These fractures are prone to various com-
plications, especially infections, complications

can also prevent infection [4, 5]. As the injury
becomes more complex, it involves more com-
plex soft tissue reconstruction, and it may even
require an urgent free tissue transfer, which
requires close cooperation between orthopedic
surgeons and plastic surgeons. Some studies
have shown that it is best to complete the
whole surgical reconstruction within 48~72
hours [6].

Skin flap transplants are common in wound
repair and organ reconstruction [7]. Because
the biological process of wound healing is com-
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plex, the activity is reduced, the local growth
factor quantity is insufficient, or the regulation
of many factors is lost, so the wound healing
becomes difficult. Therefore, the application of
skin flaps in plastic surgery is limited [8]. Among
the many factors affecting the repair of tissue
defects, it is reported that growth factors and
cytokines can promote healing [9], and exoge-
nous cytokines have been used to promote
healing clinically. Platelet-rich plasma is an
autologous platelet concentrate obtained from
fresh whole blood through centrifugation. The
high concentration and functional bioactive
molecules in PRP are produced for wound heal-
ing, such as TGF-B1, TGF-B2, EGF, FGF, PDGF,
VEGF, and IL-1. Studies have shown that using
platelet-rich plasma is an effective way to repair
and reconstruct fractures and bone defects
[10, 11]. However, there is no research to show
whether platelet-rich plasma combined with
skin flap transplantation can play a role in open
fractures with soft tissue defects. Therefore,
we explored the clinical application value of
platelet-rich plasma combined with skin flap
transplantation for open fractures with soft tis-
sue defects to inform future treatment.

Materials and methods
Clinical data

From February 2017 to March 2020, 72
patients with open foot fractures and soft tis-
sue defects were recruited for this experiment,
and 35 of the patients were treated using skin
flap transplants were enrolled in the control
group (CG), with an average age of 33.5 + 4.8
years. The remaining 37 patients underwent
surgery using platelet-rich plasma combined
with a flap transplant and were placed in the
research group (RG), with an average age of
33.7 + 4.4 years. This experiment conformed to
the requirements of the Medical Ethics
Committee.

Inclusion and exclusion criteria

Inclusion criteria: patients who had not taken
drugs that would influence the test results,
patients who could cooperate with the research,
patients aged 30~60 years and who had com-
plete clinical data, and patients who signed the
informed consent forms.

Exclusion criteria: those died during the treat-
ment, patients with vital organ injuries, patients
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suffering from other cardiovascular and cere-
brovascular disorders, patients with physical
disabilities, patients who were pregnant,
patients suffering from autoimmune diseases
or from chronic diseases, patients who trans-
ferred out, those with contraindications for the
operation, and patients with mental diseases,
language disorders and diseases that might
affect the results of this study.

Preparation of the platelet-rich plasma

The platelet rich plasma preparation package
was opened. A 50 ml syringe was applied to
extract the anticoagulant. Blood from median
cubital vein was collected using a 50 ml syringe
and a blood collection needle, then it was
injected into the centrifuge tube, placed in a
centrifuge, and mixed with the appropriate
amount of normal saline for centrifugation.
After that, the air pressure well on the left side
of the centrifuge tube cover was opened, and
the lowest red blood cell layer at a distance of
about 3~5 cm from the interface was extracted
and discarded. The remaining liquid in the cen-
trifuge tube was fully shaken and placed in a
centrifuge for centrifugation again. The throm-
bin was prepared by extracting the proper
amount of normal saline using a 2 ml syringe.
After the second centrifugation, about 3/4 of
the supernatant was extracted from the bottom
to the top with a 20 ml syringe and discarded,
and the remaining liquid in the centrifuge tube
was platelet-rich plasma. The lower platelet-
rich plasma was extracted and stored in a
refrigerator at 4°C for immediate use.

Treatment methods

During debridement, any necrotic or poorly vas-
cularized tissues, abnormal secretions, or for-
eign bodies in the wounds and cavities were
thoroughly removed. A good blood supply was
ensured to the remaining soft tissues. Fracture
reduction: the anatomic reduction of the articu-
lar surface was ensured.

The CG underwent a skin flap transplant: The
condition was stable, the granulation tissue
grew well, and a skin flap repair operation was
performed. Flap design: The anterolateral thigh
flap was obtained according to the wound size.
The connecting line from the anterior superior
iliac crest to the outer edge of the patella was
obtained as the axis, the superficial point of the
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musculocutaneous perforator was measured
with ultrasonic Doppler in the range of about 5
cm in diameter around the midpoint of the line.
The flap was designed with this point as a sign.
The place above this point was taken as 1/3 of
the flap, below this point as 2/3 of the flap,
inside as 1/3 of the flap, and outside as 2/3 of
the flap. The line between this point and the
middle point of the inguinal is the surface pro-
jection of the descending branch of the lateral
circumflex femoral artery, that is, the incision of
the free vascular pedicle to be dissected. The
mean length of the vascular pedicles was 10.1
cm. Surgical methods: First, the inner side of
the flap was cut, the descending limb was test-
ed, whether the Doppler audiometric blood ves-
sels run in the same direction was confirmed
before the operations, the outer side of the flap
was cut from a medial to a lateral free flap to
the lateral femoral muscle space, and the flap
was separated under the tensor of the fascia
lata to the musculocutaneous perforating point
of the descending limb. The skin and deep fas-
cia of the vascular pedicle were cut open. The
muscular branches were ligated and cut off. If
the cutaneous branch was a perforator of the
musculocutaneous artery, a small amount of
muscle sleeves can be carried. The accompa-
nying veins could not be damaged when freeing
the blood vessels, so as not to affect venous
return. When the flap had a good blood supply
and active bleeding at the edge after separat-
ing it, the flap was then ligated and cut off at
the root of the descending limb. The anterolat-
eral femoral cutaneous nerves were removed
during the process of removing the flap, and the
flap was moved to the foot wound. The descend-
ing limb and two accompanying veins were
anastomosed with the anterior tibial artery and
their companions, respectively, and the antero-
lateral femoral cutaneous nerve was anasto-
mosed with the foot to suture the skin. The
thigh donor site was sutured directly or packed
with a skin autograft, and the foot was fixed
externally with plaster. Postoperative treat-
ment: the routine application of anti-infective
drugs was performed after the operation.
Seven months after the operation, the skin
flaps were reexamined to determine their ability
to detect pain, temperature, pressure, and two
point discrimination. Matters needing attention
during the operation: the debridement and
hemostasis should be thorough, otherwise they
will easily cause a subcutaneous hematoma
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and affect the venous return of the skin flap.
Before cutting the flap, a Doppler blood flow
meter was used to determine the distribution of
the cutaneous branches, and they were marked
well. Before the operation, we became familiar
with the classification and direction of the
descending limb, and the flap design should be
better looser rather than tighter.

The RG underwent surgery using platelet-rich
plasma combined with the skin flap transplant:
the patients in the RG were treated with plate-
let-rich plasma in addition to the surgery
described above. The patients were instructed
to fast before the operation. Conventional skin
preparation was performed. Combined anes-
thesia was conducted during the operation.
The patients were taken in a prone or a supine
position, and the wound secretions and necrot-
ic tissues were completely removed after care-
ful debridement, so that the healthy tissues
were exposed and the bleeding spots were
clearly identified. The wound volume was mea-
sured by instilling normal saline, and platelet-
rich plasma was injected into the wound to fill it
as much as possible. After the plasma solidi-
fied and retracted into collagen particles,
Vaseline gauze was applied to bind up the
wound, and the wound was sealed to prevent
the loss of the platelet-rich plasma. Finally, the
wound was compressed and bandaged. If the
fracture did not heal after the operation, the
patient was fixed and braked with plaster sup-
port, and the patient’'s wound condition was
checked in 7~10 days. If the wound was not
healed, the platelet-rich plasma was injected
again.

Clinical efficacy evaluation

Evaluation criteria for the surgery: Markedly
effective: after the repair, the nerves, blood
vessels, and tendon tissues all survived well,
without any dysfunction, the necrosis and exu-
dation, and the wound area was covered
promptly and at the first stage. Effective: after
the repair, the nerve, blood vessels, and tendon
tissue all survived without any significant dys-
function, and the level of reduction of degree
wound area was over 80%. Ineffective: the
wound was not covered promptly or effectively,
and the blood vessels, nerves, tendons and
othertissues were damaged to varying degrees,
and there was a certain degree of dysfunction.
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Table 1. Basic clinical data [n (%)]

the fracture healing times, and any

RG (n=37) CG(n=35) X2ort P adverse reactions from the treatment
Age (vears) 33.7+44 335+48 0.184 0.854 were observed.
BMI 22.05+1.24 22.02+1.17 0.106 0.916 Secondary outcome measures: the VAS
Gender 0.008 0.927 scores and SF-36 scores before and
Male 12(32.43)  11(31.43) after the treatment were observed.
Female 25 (67.57) 24 (68.57)
Smoking history 0.002 0.963 Statistical analysis
:E)S ;g Eggig; ;‘11 22888; In this study, SPSS 20.0 was used for
o ) the statistical analysis, and GraphPad
Drinking history 0.007 0.995 7 was used for drawing the figures. K-S
Yes 18(48.65)  17(48.57) tests were applied for the distribution
No 19(51.35)  18(51.43) analysis of the dose data, in which the
Exercise habit 0.188 0.664 normal distribution data were repre-
Yes 23(62.16) 20 (57.14) sented as the Means + SD. Independent
No 14 (37.84) 15 (42.86) sample t tests were applied for the
Marital status 0.052 0.820 comparisons between groups, paired t
Married 31(83.78) 30 (85.71) tests for the analyses within groups.
Unmarried 6 (16.22) 5 (14.29) The count data were represented as
Residence 0.695 0.405 the rate (%) and tested using chi-square
Urban 23 (62.16) 25 (71.43) tests, and were expressed as X2.
Rural 14 (37.84) 10 (28.57) Results
. i Clinical data
Table 2. Clinical efficacy [n (%)]
group Number Marke_dly Effective Ineffective TC_JtaI There were no significant diff_eren_ces in
of cases effective effective rate terms of age, sex, BMI, smoking history,
RG 37 32 5 0 37 (100.00) drinking history, exercise habits, mari-
CG 35 12 19 4 31 (88.57) tal status, or residence between the RG
X2 - - 4.477 and the CG (P > 0.05), as shown in
P B} _ 0.034 Table 1.

Scoring criteria

VAS was used to test the postoperative pain,
with a maximum of 10 points. A higher score
indicates more serious pain and a worse pain
control effect. The patients’ quality of life (QOL)
was tested using a questionnaire (SF-36), which
involved the physical health (physiological func-
tion, role physical, somatic pain, and overall
health) and mental health. The total possible
score in each dimension was 100 points. A
higher score after completing the evaluation
indicates a better QOL.

Outcome measures

Main outcome measures: The clinical efficacy
of the two groups of patients was observed.
The changes in the wound volume before and
after the treatment, the wound healing times,
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Clinical efficacy of the two groups of
patients

The total effective rate in the RG (100.00%)
was significantly higher than it was in the CG
(88.57%) (P=0.034), as shown in Table 2.

Wound volume changes

There was no significant difference in the
wound volumes before the intervention (P >
0.05), but they were reduced after the interven-
tion, and the wound volumes in the RG were
smaller than they were in the CG at 3 weeks
and 6 weeks after the intervention (P < 0.05),
as shown in Figure 1.

The wound healing and fracture healing times

The average wound healing time in the RG
(22.40 £ 2.10 days) was significantly lower
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Hl Research group

Control group

Wound volume change(cm)

Figure 1. Comparison of the wound volumes. Com-
parison of the wound volumes in the two groups.
Note: * means there were differences between the
two groups (P < 0.05).

than it was in the CG (32.20 + 3.30 days) (P >
0.05). The average fracture healing time in the
RG (6.50 £ 2.20 months) was lower than it
was in the CG (7.51 £ 2.33 months) (P > 0.05),
as shown in Figure 2.

Adverse reactions to the surgery

In the RG, there was 1 case of infection for a
total incidence rate of 2.70%. In the CG, there
were 2 cases of infection, 1 case of important
vascular injury and 1 case of ischemic muscle
contracture, for a total incidence rate of
11.43%. The incidence of adverse reactions in
the RG was significantly lower than it was in the
CG (Table 3).

VAS scores

There was no significant difference in the VAS
scores before the intervention (P > 0.05). The
SF-36 scores (physiological function, role physi-
cal, somatic pain and overall health) of the
patients in the RG were significantly higher than
the patients in the CG (P < 0.05), as shown in
Figure 3.

Discussion
Among the open fractures encountered in

orthopedics and trauma practice, open tibial
shaft fractures are relatively common. As the
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Figure 2. Comparison of patients’ healing times. A:
A comparison of the wound healing times between
the two groups. B: A comparison of fracture healing
times between the two groups. Note: * indicates that
there were differences between the two groups (P <
0.05).

soft tissue around the tibia is very thin, frac-
tures of the tibia often penetrate skin [12]. The
principle of treating open fractures is to treat
injuries comprehensively, aiming especially to
prevent infection. Surgical treatment includes
the debridement and irrigation of open wounds
and bone and soft tissue reconstruction. A
good curative effect depends on early high-
quality definite treatment, such as early stable
internal fixation and related soft tissue repair.
All the elements of the surgical principles are
very important and interdependent in order to
achieve overall success, but the most critical
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Table 3. The incidences of adverse reactions
[n (%)]

RG (n=37) CG (n=35)
Infection 1(2.70) 2(5.71)
Osteomyelitis 0(0.00) 0(0.00)
Important vascular injury 0 (0.00) 1(2.86)
Peripheral nerve injury 0(0.00) 0(0.00)
Ischemic muscle contracture 0 (0.00) 1 (2.86)
Fat embolism 0(0.00) 0(0.00)
Total incidence rate (%) 2.70% 11.43%

element seems to be to achieve healthy soft
tissue coverage as soon as possible [13-16].

Exogenous cytokines have been used to pro-
mote healing clinically. However, due to the
limitations of technology, only one growth fac-
tor or cytokine is used most frequently, and it
can only promote a certain stage of wound
healing. Theoretically speaking, the combina-
tion of various cytokines in accordance with the
biological process of tissue healing can pro-
mote tissue healing most effectively [17, 18]. In
view of the similar biological characteristics of
platelet-rich plasma in repairing tissue defects,
none of them directly applied PRP to the basal
surface of a skin flap, which is the simplest and
most convenient method clinically and causes
no direct damage to the skin flap, such as a
puncture or compression [19-21]. Due to the
lack of evidence on the platelet-rich effect, PRP
gel was directly applied to the basal part of the
skin flap transplant to observe the effect of
platelet-rich plasma in promoting the survival
of the skin flap, and to explore the possible
mechanism of platelet-rich plasma in promot-
ing the survival of the skin flap.

In this study, we first observed the wound vol-
ume and found that the wound volume of the
RG was smaller than the wound volume of the
CG at 3 weeks and 6 weeks after the interven-
tion, and the wound healing time of the RG was
significantly shorter than it was in the CG, indi-
cating that platelet-rich plasma combined with
skin flap transplantation can effectively improve
patients’ wound healing times. We further
observed the average healing times of the
patients’ fractures and found that the average
healing time of the patients in the RG (6.50 +
2.20 months) was lower than it was in the CG
(7.51 £ 2.33 months), suggesting that plate-
let-rich plasma combined with flap transplanta-
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Figure 3. Comparisons of the VAS scores and the SF-
36 scores. A: After the treatment, the VAS scores in
the RG decreased significantly and were lower than
the VAS scores in the CG. B: The SF-36 scores of the
patients in the RG were significantly higher than the
corresponding scores in the CG. Note: * indicates
that there were differences between the two groups
(P <0.05).

tion can improve the healing times of patients’
fractures. We further found that the total inci-
dence of adverse reactions in the RG was
2.70%, but in the CG it was 11.43%. Studies
have shown that platelet-rich gel increases the
skin flap survival rate. In addition, it reduces
the inflammatory reaction in skin flap trans-
plantation, and has a better effect at producing
new soft tissue [22]. Maghsoudi and other
team members [23] showed that the effective-
ness of platelet-rich gel in skin flap transplanta-
tion is satisfactory. The possible mechanisms
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of platelet-rich gel promoting flap survival
include platelets, growth factors, immunoreac-
tive factors and fibrin. Platelet enrichment may
be a new clinical method for promoting skin flap
survival. We observed the VAS and SF-36
scores and found that the VAS scores in the RG
were significantly lower than they were in the
CG after the intervention, while the SF-36
scores were significantly higher than they were
in the CG, which further explains the above
results.

Through the above research, we preliminarily
proved the therapeutic value of platelet-rich
plasma combined with skin flap transplantation
in the treatment of foot open fractures with soft
tissue defects. However, there are some limita-
tions to this study. For example, the research
participants were relatively homogeneous, and
there may be different manifestations among
different races. Therefore, a more in-depth
experimental analysis will be performed to sup-
plement this.

In conclusion, the application of platelet-rich
plasma combined with skin flap transplants in
patients with open fractures of the foot and a
soft tissue deficiency can improve the healing
times of the wounds and fractures and improve
the incidence of adverse reactions in the
patients’ treatment, so it is worth popularizing
in clinical practice.
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