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Objective: To evaluate the effect of whole-layer barbed suture for incision closure on the clinical outcome and aesthetic satisfaction
of patients with the incision following total knee arthroplasty (TKA).

Materials and Methods: A retrospective analysis was conducted on 94 patients (37 men and 57 women, 50-84 years old) who
underwent a first TKA between May 2018 and April 2021. The enrolled patients were divided into two groups according to the suture
mode, with 45 cases (group A) receiving closure of the deep tissue with a barbed suture and intradermal suture of the incision with
another barbed suture and 49 cases (group B) receiving closure of the deep tissue with absorbable suture and interrupted suture of the
incision with nonabsorbable suture. Further comparisons were performed regarding incision length, suture time, postoperative incision
complications, Hollander Wound Evaluation Score (HWES), Hospital for Special Surgery (HSS) knee score, American Knee Society
(AKS) score, and Patient and Observer Scar Assessment Scale (POSAS). The clinical effects of the two suture modes in TKA and the
patients’ aesthetic satisfaction with the incision were also evaluated at 2 weeks, 3 months and 6 months after the operation.
Results: Compared with group B, group A had higher HWES at 2 weeks after the operation (P < 0.05), shorter suture times (P < 0.05)
and lower POSAS scores at 3 and 6 months after the operation (P < 0.05). However, no significant difference was observed between
the two groups in incision length, complication rate, HSS or AKS scores (P > 0.05).

Conclusion: Compared with the interrupted suture, the use of whole-layer barbed suture for incision closure after TKA has the
advantages of a safe and effective outcome, short operation time, high cosmesis degree of the wound scar and high patient
satisfaction.
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Background

With the improvements in living standards and the development of medical technology, there has been a gradual increase
in individuals’ requirements for beauty. To improve the joint function and satisfaction of patients who have undergone
joint replacement, an increasing amount of attention is being paid to incision sutures.' During joint replacement, incision
closure is generally achieved by closing the deep tissue (including the articular capsule and subcutaneous tissue) using an
absorbable or nonabsorbable suture and performing an interrupted suture of the skin using anastomotic nails or
nonabsorbable suture®> or by using surgical appliance adhesive and absorbable suture for cosmetic suture.* ® The use
of a nonabsorbable suture is the most common and simple strategy for interrupted suture of the deep tissue, whereas the
use of anastomotic nail or nonabsorbable suture is the most common strategy for suturing skin. However, these methods
have many disadvantages, such as increased suture knots resulting in an increased risk of infection; prolonged operation
time; the need to remove the sutures 10 to 14 days after the operation; and the potential formation of centipede leg-like
scars in later stages.”® The research findings of Vincent et al’ provide support for these disadvantages. Currently, suturing
of deep tissue is usually achieved by using interrupted or over-and-over whip sutures with an absorbable suture.
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However, this type of suture has several problems, such as the need for assistance during the suturing process, possible
foreign-body reaction induced by suture knots, the provision of a parasitic place for bacteria, an increased risk of
postoperative infection, postoperative intractable pain and prolonged operation time.'® Meanwhile, absorbable sutures
can also be used to achieve cosmetic sutures of the skin.® Nevertheless, a long incision is required following knee
arthroplasty, which is located at the apex of flexion and extension during functional exercise with a large local bearing
force. Complete closure and tight suture at all layers with sufficient pulling force are required during suture, which means
higher requirements for both suture materials and methods.'""'* Absorbable antibacterial Vicryl and surgical appliance
adhesive cannot provide sufficient tension and are prone to exudation or splitting.'> Meanwhile, a nonabsorbable suture
may increase the risk of infection by increasing the number of subcutaneous suture knots, incision dehiscence, nonunion
and even infection, which can be disastrous. Thus, nonabsorbable sutures are rarely used in the field of joint replacement
in the early stage."?

Both patients and doctors unceasingly pursue satisfactory joint function and a beautiful incision postoperatively. At
the patient level, a cosmetic suture does not require dressing change or suture removal, thereby fully meeting the beauty
and satisfaction requirements of patients. Owing to material limitations, cosmetic suture is still in the stage of continuous
exploration and optimisation. In recent decades, with the advancements in materials science, an absorbable barbed suture
has been accepted and applied in the fields of plastic surgery'* and gynaecology,'> among others. However, this type of
suture is still in the early period of application in the field of orthopaedics and, as reported by most studies, has been
applied only in the suturing of deep tissue during joint replacement.'® Because of the previous shortcomings of available
materials, this suture type is used less often for suturing skin, mainly because of the fear of incision splitting. Few studies
have specifically evaluated the effect of skin closure using a barbed suture on the postoperative outcome of total knee
arthroplasty (TKA)."” According to a literature review by Faour et al,'® most studies have used a barbed suture only in
deep tissue closure, and only a few studies have compared the complications of barbed sutures and conventional suture in
skin closure. Reports evaluating the use of whole-layer barbed sutures for closing the deep tissue and skin and its effect
on the patients’ aesthetic satisfaction with the incision are extremely rare. In particular, its safety in TKA remains in
doubt."®! Therefore, in this study, we used whole-layer barbed sutures to close the deep tissue and skin after TKA to
observe the postoperative clinical effect of this operation and patients’ aesthetic satisfaction with the incision.

Materials and Methods

General Data

We conducted a retrospective analysis of 94 patients (37 men and 57 women, aged 50-84 years) who underwent TKA for
the first time between May 2018 and April 2021. A total of 45 cases (18 men and 27 women) received a barbed suture to
close the deep tissue and intradermal suture of the skin incision with another barbed suture (group A), and 49 cases (19
men and 30 women) received an absorbable suture to close the deep tissue and an interrupted suture of the incision with
a nonabsorbable suture (group B).

Inclusion and Exclusion Criteria

The inclusion criteria included the following: (1) patients with primary knee osteoarthritis who met the indications for
TKA for the first time, (2) patients with varus and valgus deformity <20°, (3) patients without other limb dysfunction
diseases, (4) patients with a body mass index (BMI) < 35 kg/m2 and (5) patients with stable control of common medical
diseases. The exclusion criteria were (1) patients with previous knee surgery and trauma, an old local scar, sinus and so
forth; (2) patients with a medical history of knee joint tumour or tuberculosis and (3) patients with infection, coagulation
dysfunction, and mental illness.

Surgical and Incision Closure Methods

All operations of the studied patients were completed by doctors in the same medical group under the leadership of the
same chief physician. All patients received a pneumatic tourniquet at the root of the thigh, spinal anaesthesia and an
anterior median incision of the knee joint with a length of about 15-18 cm. The articular capsule was cut open 0.5 to
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1.0 cm from the inside of the patella, and the patella was turned outward. The surgeons took care to protect the patellar
tendon. The next steps were conventional osteotomy and moulding trial, with the placement of a suitable prosthesis (PS
type, LINK, Germany) and a thorough rinse with a disposable pulse (3000-mL normal saline). One drainage tube was
placed, and the knee was bent to 60° for suture. The incision length and suture time were recorded for each operation.
In group A, an absorbable suture V-LOC 0# (Covidien) was used to continuously suture the articular capsule from the
proximal end to the distal end, with a stitch length of 1-1.5 cm. To prevent reverse folding of the suture, the suture was
tightened while suturing. The stitch length was appropriately reduced on the surface of the patella, about 0.8—1 cm. After two
stitches were sutured in situ at the distal end, the suture was turned back, and the subcutaneous tissue was sutured
continuously, with a stitch length of 1.5-2 cm, followed by cutting off the suture at the same suture level. Finally, for the
intradermal suture, an absorbable suture V-LOC 3-0 (Covidien) was used. After skin suture, the maximum flexion angle was
tested again. In the case of large incision tension, a local interrupted suture was provided for additional strength. In group B,
an absorbable suture Vicryl® 0# (Ethicon®™, Johnson & Johnson) was used for interrupted suture of the articular capsule, and
an absorbable suture Vicryl® 2-0 (Ethicon®™, Johnson & Johnson) was used for interrupted suture of the subcutaneous tissue
layer with a stitch length of 1.0 cm. The surgeon aimed to eliminate the slip knot and dead cavity as much as possible during
the suture. After suture, an interrupted suture of the skin was performed using the braided nonabsorbable suture MERSILK
3-0 (Ethicon®, Johnson & Johnson), with a stitch length of 1.0 cm. In group A, the suture was removed 14 days after
operation for those with local intermittent sutures, and in group B, the suture was removed 14 days after operation.

Postoperative Processing
All patients received the same postoperative treatment, including postoperative antibiotic treatment, analgesia, antic-
oagulation, principles and methods of wound care and discharge.

Follow-Up Time and Evaluation Indices

The patients were followed up 2 weeks, 3 months and 6 months after the operation. The observational indices were (1)
the incision length and suture time (ie time from the beginning of the suture of the articular capsule to the end of the
suture); (2) the incidence of incision complications (exudation, swelling, dehiscence, infection, etc.) and Hollander
Wound Evaluation Score (HWES), for which the appearance of the wound was evaluated at 2 weeks after the operation;®
(3) the Hospital for Special Surgery (HSS) knee score and the American Knee Society (AKS) score,”’" for which joint
function was evaluated before the operation and at 2 weeks, 3 months and 6 months after the operation; and (4) the
Patient and Observer Scar Assessment Scale (POSAS),* for which the degree of cosmesis of the wound scar was
evaluated by both physicians and patients at 3 and 6 months after the operation.

Statistical Analysis

We used SPSS 19.0 for the statistical analysis in this study. Measurement data (age, BMI, incision length, suture time,
HSS and AKS scores, POSAS score, etc.) in normal distribution were described using mean + standard deviation and
analysed by the #-test. Counting data (gender, lesion location, concomitant medical diseases, incidence of complications,
etc.) were analysed using the y” test. P < 0.05 was considered to indicate a statistically significant difference.

Results

General Data
No significant difference was observed between group A and group B in age, gender, BMI, lesion location or
concomitant medical diseases (P > 0.05; Table 1).

Incision Length and Closing Time

No significant difference was observed in the length of surgical incision between the two groups (P > 0.05). The closing
time was 16.9 £ 3.1 min in group A and 22.7 + 3.5 min in group B, and the difference between the two groups was
statistically significant (P < 0.05; Table 2).
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Table | Comparison of General Data Between Groups

Group | n M/F Age (Years) BMI (kg/m?) Lesion Location Concomitant Medical Diseases
(Left/Right) . K
Hypertension Coronary Diabetes
Heart Disease
A 45 18/27 63.6 £ 10.8 25.17 £ 4.12 24/21 I 5 6
B 49 19/30 64.1 £ 9.6 24.85 + 3.83 26/23 13 7 5
P 0.476 0.684 0.788 0.760 0.304 0.362 0.656

Abbreviations: n, number of patients; M, male; F, female; BMI, body mass index.

Table 2 Comparison of Incision Length and Closing Time Between

Groups
Group n Incision Length (cm) | Closing Time (min)
A 45 176 +2.4 16.9 + 3.1
B 49 18.1 +2.6 22.7 £35
P 0.362 0.008

Comparison of the Joint Function Between the Two Groups at Different Times
No significant difference was observed in the preoperative HSS or AKS score between the two groups (P > 0.05;
Table 3). Furthermore, the HSS and AKS scores of the two groups showed a significant increasing trend before operation

and at 2 weeks, 3 months and 6 months after the operation, but there was no significant difference between groups A and
B (P > 0.05; Table 3).

Wound Appearance 2 Weeks After the Operation
Two weeks after the operation, the HWES in group A was 4.77 + 0.41 points, whereas that in group B was 3.95 + 0.36
points. The incision healing score in group A was significantly higher than that in group B (P < 0.05).

Aesthetic Satisfaction with Wound Scar 3 and 6 Months After the Operation

In the evaluation of the patients’ aesthetic satisfaction with the postoperative wound scar, the POSAS score of group
A was 17.8 = 4.2 points, whereas that of group B was 21.3 + 5.7 points at 3 months after the operation, showing
a statistically significant difference (P < 0.05; Table 4). Meanwhile, 6 months after the operation, the POSAS score of
group A was 13.6 + 3.1 points, and that of group B was 17.2 + 4.0 points, with a significant difference between the two
groups (P < 0.05; Table 4).

Table 3 Joint Function Between the Groups According to the HSS and AKS Scores

Group | n HSS AKS

Before 2 Weeks 3 Months 6 Months Before 2 Weeks 3 Months 6 Months
Operation After the After the After the Operation After the After the After the
Operation Operation Operation Operation Operation Operation
A 45 | 51.8%56 657 £ 7.1 787 %79 875 %87 84.3 = 10.1 100.8 + 10.4 1237 £ 11.6 1358 + 10.9
B 49 | 521 63 642 + 68 80.3 + 8.1 863 77 839+98 1022 £ 9.5 125.1 £ 10.9 1383+ 11.6

P 0.811 0.525 0.471 0.706 0.925 0.530 0.551 0.240
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Table 4 Cosmesis Score Between Groups According to the
POSAS Score

Group n 3 Months After 6 Months After
the Operation the Operation

A 45 17.8 + 42 13.6 + 3.1

B 49 213 +£57 172 £ 40

P 0.045 0.029

Table 5 Incidence of Incision Complications in the Two Groups

Group | n Incision Incision Incision Incision Infection Total
Exudation | Redness and Dehiscence Incidence
Swelling L. L.
Superficial | Full | Superficial Full
Layer Layer
A 45 4 | 2 0 | 0 17.8%
B 49 6 2 | 0 0 0 18.3%
P 0.742

Postoperative Incision Complications

There were eight cases of incision complications in group A, all of which were mild complications, including four cases
of incision exudation, one case of mild incision redness and swelling, two cases of slight dehiscence (length < 15% of
incision length) and one case of superficial infection, with no cases of serious complications, such as full layer
dehiscence and deep infection. Meanwhile, there were nine cases of incision complications in group B, all of which
were mild complications, including six cases of incision exudation, two cases of mild incision redness and swelling and
one case of slight dehiscence (2 cm in length); no serious complications (full layer dehiscence and deep infection) were
noted. The number of incision exudation cases in groups A and B accounted for 50% and 66.7% of the total number of
complications, respectively, with a statistically significant difference (P < 0.05). In addition, the total complication and
serious complication rates of group A were 17.8% and 0%, respectively, whereas those of group B were 18.3% and 0%,
respectively. No significant difference was observed in the total complication and serious complication rates between the
two groups (P > 0.05; Table 5).

Discussion

Various suture materials and different techniques are used for incision closure in TKA. The common purposes are to
shorten the operation time, reduce postoperative complications such as dehiscence and infection, quickly improve joint
function, reduce scar formation and improve patient satisfaction. Interrupted suture with a nonabsorbable suture is the
most common method with the most simple operation and lowest cost. However, as verified by Vincent et al,’ this
technique has numerous disadvantages, such as increased suture knots, increased risk of infection, prolonged operation
time, increased hospital stay and cost and formation of centipede leg—like scars in the later stage.”® The use of
anastomotic nails for suturing results in a poor appearance, requires repeated removal with professional tools and causes
obvious pain. In addition, despite the advantage of reducing the formation of scars, the absorbable suture or surgical
appliance adhesive is not strong enough and carries a risk of wound dehiscence that requires constant special attention
during postoperative functional exercise.'> The TKA incision is located at the apex of knee flexion and extension, and the
tension is much higher than that of a general surgical incision, which results in higher requirements for suture materials
and methods.'""'? With the development of nonabsorbable sutures and synthetic absorbable sutures, and with the
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subsequent maturity and promotion of barbed suture materials, these materials have been widely applied in joint
replacement surgery by an increasing number of physicians. The barbed suture has been reported to be safe and efficient
in operation, and its strength and surrounding tissue reaction were equivalent to those of traditional absorbable sutures.?
In addition, there is no need for knotting, which reduces the difficulty of the operation and significantly improves the
speed and quality of the suture.'® In terms of its use in TKA, most studies have applied the barbed suture only for
suturing deep tissue.'® As reported in the literature review conducted by Faour et al,'® most studies used a barbed suture
only in deep tissue closure, and only a few studies have compared the complications of barbed sutures and conventional
suture in skin closure. The main reasons for the low application rate of this suture type are the shortcomings of previous
materials and the fear of incision splitting. Moreover, few studies have specifically evaluated the effect of skin closure
with a barbed suture on the postoperative outcome of TKA,'” and even fewer studies have explored the effect of deep
tissue and skin suture simultaneously using a barbed suture on the postoperative effect and wound scar satisfaction.

The results of our study indicated that the use of whole-layer barbed suture to close the deep tissue and skin not only
reduces the operation time without increasing the rate of complications, such as incision dehiscence, but also significantly
improves joint function, reduces postoperative scarring and improves patient satisfaction. Traditional suture knotting has
potential risks, such as prominent suture knot, subcutaneous palpable keloid, local micro-infarction, suture breakage and
slip knot. Meyer et al** reported that an interrupted suture can produce more knots, increase foreign-body reaction,
provide parasitic sites for bacteria and increase the risk of postoperative infection. In their research, Gililland et al*>~°
found that the use of an absorbable barbed suture can shorten the suture time by 4—6 min, or 30%, as compared with an
interrupted suture that requires knotting. Smith et al*’ also reported that the use of a barbed suture can reduce the average
suture time by about 9.72 min and save about $550; however, this type of suture is accompanied by an increased
incidence and severity of incision-related complications. In addition, Namba et al*® demonstrated that the risk of incision
infection increases by 9% with every 15 min of operation time prolongation, suggesting that, theoretically, shortening the
operation time can reduce the incidence of incision complications. Currently, whether the use of a barbed suture can
increase the risk of potential complications of joint replacement remains controversial. Barbed sutures can provide more
uniform tissue tension, thereby reducing the risk of ischaemia; they also have no subcutaneous knots, thus decreasing the
possibility of local inflammatory response and sterile abscess, both of which result in a reduced risk of wound
complications.”® A prior meta-analysis®® revealed that barbed sutures did not significantly increase the risk of mild or
serious complications. In our study, the whole-layer suture time in group A was 16.9 + 3.1 min, and that in group B was
22.7 + 3.5 min. When using a barbed suture, the suture time was accelerated by about 6 min. Moreover, the incidence
rates of complications were 17.8% and 18.3% in groups A and B, respectively. There was no significant difference
between the two groups, which was consistent with the results of previous research.?'** Furthermore, of the total number
of cases with complications, the proportion with incision exudation was 50% in group A and 66.7% in group B. The
reason for this result is that the barbs are evenly distributed on the whole suture, and loosening or breaking a single
suturing ring has no significant effect on the failure of the whole suture. Previous research also demonstrated that as
compared with traditional sutures, the use of barbed sutures can reduce the rate of postoperative wound leakage by
74%.% In our opinion, the occurrence of incision-related complications may be related to vascular angulation caused by
continuous sutures, surgeon learning curves and patients’ own diseases, among others. The application of a barbed suture
is in its early stage in orthopaedics, and a learning curve is required as surgeons have little knowledge of its performance,
indications and suture skills. Simultaneously, the inappropriate selection of patients might also increase the incidence of
complications, such as the long-term use of immunosuppressive drugs in rheumatoid diseases, poor glucose control in
diabetes, long-term use of hormones and low body weight. Barbed sutures should be avoided in patients with the
aforementioned conditions. For example, Campbell et al*® reported higher rates of infection and overall complications
when using barbed sutures in patients with obesity, diabetes or rheumatoid arthritis.

The complete absorption of the absorbable suture Vicryl® takes 2 to 3 months. The barbed suture can be absorbed
in a minimum of 3 months after the operation and completely absorbed within 6 months. A previous study reported
that the joint range of motion and Knee Society Score (KSS) of the conventional suture group were slightly higher
than those of the barbed suture group at 6 weeks and 3 months after the operation, without a statistically significant
difference.” Han et al*’ also reported no significant difference in the joint range of motion between the barbed suture
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group and the traditional suture group in the early (<6 weeks) and middle (<3 months) stages after the operation. This

finding is consistent with previous reports, ¢!

namely, that there was no obvious difference between the traditional
suture and barbed suture in the average extension and flexion as well as the KSS score. In addition, Wang et al found
that patients who received a barbed suture within 2 weeks after the operation had a higher visual analogue scale score
and poor joint mobility and joint function; however, no significant difference was observed between 6 and 12 weeks
after the operation, and the effect of the suture on functional recovery gradually weakened with the reduction of
suture absorption and tension. In our study, the HSS and AKS scores of the two groups showed a significant
increasing trend according to the observation before operation and at 2 weeks, 3 months and 6 months after the
operation but without a statistically significant difference. This suggests that the barbed suture had no significant
effect on the recovery of joint function in the early and middle stages. We speculated that the long-term efficacy of
the barbed suture would be similar to that of the traditional suture after 6 months of complete absorption. However,
this hypothesis requires verification by randomised controlled trials based on long-term follow-up.

According to statistics, the rate of dissatisfaction with TKA is as high as 20% and can be affected by pain, infection, scar
appearance, incision and other related complications.>* Clearly, the appearance of a surgical scar is an extremely important part of
a patient’s postoperative satisfaction. Patients frequently take the initiative to require an absorbable suture for incision suture.
Significantly, a cosmetic suture has distinct advantages in the alignment of the incision and improvement in overall beauty. In the
present study, the HWES were 4.77 + 0.41 points in group A and 3.95 + 0.36 points in group B, indicating a significantly higher
wound-healing score in group A than in group B. This result supports the significant superiority of the barbed suture to the
traditional suture in the overall beauty of the incision at 2 weeks after the operation. Similarly, Campbell et al** reported that an
absorbable barbed suture can speed up the time of an intermittent suture that requires knotting by 4-6 min, and the patient
satisfaction and cosmetic effect were similar at 6 weeks after the operation. Meanwhile, it has been reported that in patients who
received a barbed suture, the width of the incision scar was significantly smaller than in those with an interrupted suture, with
a beautiful incision scar and no significant difference in the KSS scores.*> Moreover, some researchers also considered that the
barbed suture had a better cosmetic effect and could improve patient satisfaction.'” In this study, we used the POSAS to evaluate
patients’ aesthetic satisfaction with the incision at 3 and 6 months after the operation, because the POSAS is the most
comprehensive and commonly used scar evaluation scale and is the first scale to comprehensively evaluate the views of both
observers and patients. The findings of our study indicated that the POSAS score of group A was significantly higher than that of
group B at 3 and 6 months after the operation, suggesting that the barbed suture has obvious advantages in improving the
aesthetic satisfaction with the postoperative incision scar. After interrupted suture and suture removal 2 weeks after the operation,
the scar will gradually thicken and widen due to the continuous stimulation of knee flexion and extension. The support time of the
barbed suture is 2 months. The scar is strong enough at this time, and complete absorption of this suture takes no longer than 6
months. It can produce lasting tension on the skin margin and effectively inhibit scar hyperplasia. After 6 months of follow-up,
we found that the patients’ satisfaction with the incision was significantly higher than that of the interrupted suture.

This study also has some limitations, including the small sample size, short follow-up time and lack of analysis of
diabetes and other related factors. Further exploration is needed via multicentre research with larger sample size and
longer research period.

Conclusion

In the present study, as compared with interrupted sutures, the use of whole-layer barbed sutures for deep tissue and skin
incision closure has obvious advantages in shortening the TKA operation time, improving the beauty of the incision scar
and increasing the degree of patient satisfaction. In addition, it has no significant impact on the increase in the risk of
complications, such as wound dehiscence. The findings in our study may benefit from further discussions and measures
that may contribute to the improvement of the appearance of postoperative scars and enhancement of the patients’ degree
of satisfaction in the short or medium term.

Abbreviations
TKA, Total knee arthroplasty; HWES, Hollander Wound Evaluation Score; HSS, Hospital for Special Surgery; AKS,
American Knee Society; POSAS, Patient and Observer Scar Assessment Scale.
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