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What are the important surgical factors
affecting the wound healing after primary
total knee arthroplasty?
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Abstract

Background: Wound condition after primary total knee arthroplasty (TKA) is an important issue to avoid any
postoperative adverse events. Our purpose was to investigate and to clarify the important surgical factors affecting
wound score after TKA.

Methods: A total of 139 knees in 128 patients (mean 73 years) without severe comorbidity were enrolled in the
present study. All primary unilateral or bilateral TKAs were done using the same skin incision line, measured
resection technique, and wound closure technique using unidirectional barbed suture. In terms of the wound
healing, Hollander Wound Evaluation Score (HWES) was assessed on postoperative day 14. We performed multiple
regression analysis using stepwise method to identify the factors affecting HWES. Variables considered in the
analysis were age, sex, body mass index (kg/m2), HbA1C (%), femorotibial angle (degrees) on plain radiographs,
intraoperative patella eversion during the cutting phase of the femur and the tibia in knee flexion, intraoperative
anterior translation of the tibia, patella resurfacing, surgical time (min), tourniquet time (min), length of skin incision
(cm), postoperative drainage (ml), patellar height on postoperative lateral radiographs, and HWES. HWES was
treated as a dependent variable, and others were as independent variables.

Results: The average HWES was 5.0 ± 0.8 point. According to stepwise forward regression test, patella eversion
during the cutting phase of the femur and the tibia in knee flexion and anterior translation of the tibia were
entered in this model, while other factors were not entered. Standardized partial regression coefficient was as
follows: 0.57 in anterior translation of the tibia and 0.38 in patella eversion.

Conclusions: Fortunately, in the present study using the unidirectional barbed suture, major wound healing
problem did not occur. As to the surgical technique, intraoperative patella eversion and anterior translation of the
tibia should be avoided for quality cosmesis in primary TKA.

Background
Wound condition after primary total knee arthroplasty
(TKA) is important for the prevention of periprosthetic
infection [1, 2]. Any delay in wound healing will cause
deep infection, which leads to the arthroplasty failure.
For example, in a retrospective review of 17,000 TKAs
described by Galat et al. [3], the consequences of the
early wound complications were of great significance as

the probability of further major surgery operations (re-
moval of implants, muscle flap rotation, leg amputation)
or diagnosis of deep infection were 5.3 and 6.0 %, respect-
ively, within 2 years of primary procedure. On the other
hand, TKAs at 2 years without postoperative wound com-
plications required a major operation or were diagnosed
with a deep infection of 0.6 and 0.8 %, respectively. Pre-
vention of soft tissue problems is thus essential to achieve
excellent clinical results. According to previous reports,
important considerations affecting the surgical wound
healing after TKA were the proper selection of skin inci-
sion, an understanding of vascular anatomy around the
knee, patient risk factors, appropriate postoperative care,
and prompt management [1, 2, 4]. For instance, patient
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risk factors include prior open surgical procedures at the
same site, immunosuppressive therapy, hypokalemia, poor
nutrition (albumin <3.4 g/dl), diverticulosis, infection
elsewhere, poorly controlled diabetes mellitus, obesity,
smoking, renal failure, hypothyroidism, and alcohol abuse
[2, 5–9]. Surgical factors include the location of the inci-
sion, poor soft tissue handling, and longer tourniquet use.
Postoperative risk factors for wound complications include
tight dressings, large subcutaneous hematomas, very ag-
gressive physiotherapy, and accelerated continuous passive
motion [1, 2, 10, 11]. However, when patients without any
risk factors undergo the primary TKA, it is unknown as to
the important surgical factors affecting the wound healing
using detailed wound score after primary TKA so far.
It was hypothesized that operative technique would

affect wound healing in primary TKA. The purpose of
the present study was to investigate and to clarify the
important surgical factors affecting wound score after
primary TKA.

Methods
Subjects
A total of 139 knees in 128 patients (mean 73 years)
with end-stage knee osteoarthritis (121 knees) or osteo-
necrosis (18 knees) were enrolled. Strict inclusion cri-
teria were established in the present study. Patients with
immunosuppressive therapy, hypokalemia, poor nutri-
tion (albumin <3.4 g/dl), diverticulosis, infection else-
where, uncontrolled diabetes mellitus (HbA1C >7.0 %),
obesity (body mass index >35 kg/m2), smoking, renal
failure, hypothyroidism, alcohol abuse, rheumatoid arth-
ritis, posttraumatic arthritis, or previous knee surgery
were excluded. All the patients underwent primary TKA
by the same surgeon (K.H.). They underwent unilateral
or bilateral TKA using Balanced Knee System®, posterior
stabilized (PS) design (Ortho Development, Draper, UT),
or Legion®, PS design (Smith and Nephew, Memphis,
TN) under general and/or epidural anesthesia. General
and epidural anesthesia were selected for most of the
patients. General anesthesia without the epidural anesthesia
was selected for patients who underwent the previous
spinal surgery.

Surgical technique
The operative technique consisted of medial parapatellar
skin incision, less invasive medial midvastus approach,
intramedullary rod in the femoral cuts, extramedullary
guide in the tibial cuts, and spacer block to make appro-
priate ligament balance. Patella resurfacing was selected
depending on the damage to the cartilage during the
procedure. In patella resurfacing, patella eversion was
done in the extended position of the knee joint. Patella
eversion during the cutting phase of the femur and tibia
in knee flexion was done according to surgeon’s

preference. In fact, patella eversion during the cutting
phase of the femur and tibia was done in 72 cases (the
first half ) and not done in 67 cases (the latter half ). The
infrapatellar fat pad was resected in all patients. All the
permanent components were fixed with use of bone ce-
ment. With respect to bone resection and component
fixation of the tibia, anterior translation was selected in
Legion® (36 knees) despite the fact that it was not neces-
sary for Balanced Knee System® (103 knees) because the
component design of the tibia, especially in the length of
the keel, is different between these designs. Concerning
the closure, capsule was repaired using interrupted num-
ber 1 braided absorbable sutures and 1-0 unidirectional
barbed suture (V-Loc, Covidien, Mansfield, MA). There-
after, closure of subdermal layer was done using a 3-0
monofilament absorbable suture with inverted inter-
rupted knots and 4-0 unidirectional barbed suture (V-Loc,
Covidien, Mansfield, MA). Final skin closure was done with
adhesive tape, and an elastic compression dressing (Aquacel
Surgical cover dressing, ConvaTec, NJ) was applied.
Patients underwent a standard rehabilitation program
consisting of early range of motion and weight-bearing as
tolerated. Edoxaban 15 mg was used from postoperative
day 2 to 14 for the prophylaxis of deep vein thrombosis in
all patients based on our standard protocol. Drains were
removed on postoperative day 2. Patients underwent a
standard rehabilitation program which consisted of early
range of motion and weight-bearing exercises as tolerated.

Evaluations
A retrospective observational study was conducted at our
institution. All the subjects provided informed consent
and the study was approved by our institution (no.
20150043). In terms of wound healing, Hollander Wound
Evaluation Score (HWES) was assessed on postoperative
day 14. HWES is a validated and widely used cosmetic
scoring system [12]. This is consisted of a cosmetic score
from 0 (worst result) to 6 (best result) based on the pres-
ence or absence of six features, namely, step-off of
borders, contour irregularities, margin separation, edge
inversion, excessive distortion, and overall appearance
(Table 1). In addition, wound-related adverse events, in-
cluding superficial infection, deep infection wound dehis-
cence, and suture abscess, were assessed in all cases on
postoperative day 21.
We evaluated age, sex, body mass index (BMI), HbA1C

(%), preoperative femorotibial (FTA) angle on plain radio-
graph, and patellar height on postoperative lateral radio-
graphs. FTA was defined as the lateral angle formed by
the femur and tibia. Lines were drawn through the middle
of the femoral shaft and through the middle of the tibial
shaft. Patellar height was calculated using Insall-Salvati ra-
tio on postoperative lateral radiographs. In addition, intra-
operative patella eversion during the cutting phase in knee
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flexion, intraoperative anterior translation of the tibia, pa-
tella resurfacing, surgical time, tourniquet time, length of
skin incision, the amount of postoperative drainage were
also evaluated as surgical factors.

Statistical analysis
We performed multiple regression analysis using step-
wise method to identify the factors affecting HWES. Var-
iables considered in the analysis were age, sex, BMI,
HbA1C, FTA, intraoperative patella eversion, intraopera-
tive anterior translation of the tibia, patella resurfacing,
surgical time, tourniquet time, length of skin incision,
patellar height, and HWES. HWES was treated as a
dependent variable, and others were as independent var-
iables. All statistical analyses were done with the use of
SPSS® Version 22 for Microsoft Windows (Chicago, IL).
P values of <0.05 were considered as significant.

Results
Detailed demographic data was presented in Table 2.
The average HWES was 5.0 ± 0.8 point. As to the distri-
bution of the wound score, HWES was 3 points in 5

cases, 4 in 29 cases, 5 in 63 cases, and 6 in 42 cases. As
any adverse events were not found in each TKA, there
were no cases requiring debridement and re-closure of
the wound after primary TKA. Basically, unidirectional
barbed suture provided the good results in HWES.
According to stepwise forward regression test, intraop-

erative patella eversion and anterior translation of the
tibia were entered in this model, while age, Sex, BMI,
HbA1C, FTA, surgical time, tourniquet time, patella re-
surfacing, length of skin incision, and patellar height
were not entered in the model (Table 3). The multiple
regression analysis in the current study would show the
appropriate results, as Durbin-Watson ratio was 1.762.
Standardized partial regression coefficient was as fol-
lows: 0.57 in anterior translation of the tibia and 0.38 in
patella eversion (Table 3).

Discussion
The results of the present study would support out hy-
pothesis that operative technique would affect wound
healing in primary TKA. Specifically, patella eversion
and anterior translation of the tibia were related to low
score of the wound healing. TKA without patella ever-
sion and anterior translation of the tibia is well known
as the minimally invasive technique. Proponents of the
minimally invasive technique claim that these techniques
will result in an earlier recovery of range of motion, an
earlier discharge from the hospital, and less pain com-
pared with the conventional TKA without any complica-
tions including the wound problems [13]. Dalury et al.
indicated that patellar eversion and anterior tibial trans-
lation could have no adverse effects on the range of mo-
tion, quadriceps strength, or patient’s knee preference
during the early postoperative recovery period after
TKA [14]. However, their study did not investigate the
wound healing problem.
In the present investigation, inclusion criteria were

strictly established and postoperative rehabilitation was
done using the same protocol at our institution. There-
fore, only surgical factors could be assessed and dis-
cussed. Several surgical factors affecting the wound
healing after TKA has been reported so far. For example,
surgical factors include the location of the incision, lon-
ger tourniquet use, and poor soft tissue handling. Previ-
ous studies indicated that medial parapatellar skin
incision provided the worse outcome of the wound heal-
ing than anterior midline skin incision [10]. Neverthe-
less, in the more recent study, wound healing of these
two incisions were reported to be similar [15]. In the
current study, for that reason, medial parapatellar skin
incision was used. Concerning the tourniquet time,
Olivecrona et al. reported that tourniquet time over
100 min was associated with an increased risk of com-
plications after TKA (OR 2.2, CI 1.5–3.1) [11]. In our

Table 1 Hollander Wound Evaluation Score (HWES) [12]

Hollander Wound Evaluation Score (HWES)

1. Step-off borders

2. Contour irregularity—puckering

3. Scar width—greater than 2 mm

4. Edge inversion—sinking, curling

5. Inflammation—redness, discharge

6. Overall cosmesis

6/6 optional wound healing

Table 2 Detailed data of all operations (mean ± SD)

Evaluations (N = 139)

Age (years) 72.9 ± 8.1

Sex (female/male) 108/31

BMI (kg/m2) 25.8 ± 3.9

HbA1C (%) 5.8 ± 0.5

FTA (deg.) 183.7 ± 8.4

Patella eversion (+/−) 72/67

Tibial translation (+/−) 36/103

Surgical time (min) 105.9 ± 13.2

Tourniquet time (min) 73.5 ± 16.8

Patella resurfacing (+/−) 105/34

Length of skin incision (cm) 12.7 ± 1.5

Postoperative drainage (ml) 479 ± 168

Patellar height 1.26 ± 0.13

HWES 5.0 ± 0.8
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study, all procedures were done by the same surgeon
and using a tourniquet for an average of 73 min, which
seemed not to influence on the wound evaluation score.
As to the soft tissue handling, previous reports sug-
gested that the distal part of the skin incision was sig-
nificantly more hypoxic than the proximal part in TKA
[16, 17]. Therefore, atraumatic wound edge retraction
should be carried out especially in the distal part. How-
ever, except for this technique, gentle handling of the soft
tissue has not been investigated in detail. Reification of the
technique has not been made in the handling methods.
Detailed surgical technique affecting the wound healing
was thus still unknown. From the present study, intraop-
erative patella eversion and anterior translation of the tibia
during the cutting phase in knee flexion would lead to
wound hypoxia of the edge, and thus, those should be
avoided for wound healing in primary TKA.
Recently, barbed suture has been used for closure of

TKA [18–22]. Actually, safety and efficacy of barbed su-
ture have been reported in several studies. However, es-
pecially in TKA, previous studies indicated that the use
of the barbed suture would lead to higher complication
rate especially in wound healing compared with conven-
tional staples [4, 23]. Potentially, the tightness and
water-tight seal provided by the barbed suture are less
forgiving than those by a conventional suture to the high
stresses of postoperative mobilization and normal
physiologic drainage after TKA [4]. On the other hand,
it is possible that barbed suture may lead to quality
cosmesis and better wound score in some cases [23]. As
to the HWES, average value was similar to the recent
study using the barbed suture [24]. Fortunately, major
wound problems did not occur in the present study, al-
though unidirectional barbed suture was used in all
cases. Contrary to previous reports, patients with uncon-
trolled diabetes mellitus, smoker, obesity, and any severe
comorbidity were excluded, and wound drainage was
performed for 2 days postoperatively to decrease knee
effusion. Moreover, wound condition was carefully
assessed for 2-week admission in the present study. Pre-
sumably, for that reason, major wound healing problems
did not occur.
Several limitations should be noted in the present

study. First, the weakness of the present study was that
this was not performed as a prospective randomized trial
study. Second, the current study was done and assessed
by a single surgeon at our institution. Thus, our study
may not be representative of the results obtained by

other surgeons in other countries. Third, serum albumin
level was assessed preoperatively, though wound healing
could be affected by postoperative nutrition condition.
Fourth, the use of one design was optimal for the mater-
ial. Actually, surgical techniques were different between
the two designs because the component design of the
tibia, especially in length of the keel, is different between
these designs. Lastly, as the healing of the surgical
wound was basically acceptable regardless of wound
score in the present study, it was less meaningful except
for those who would like to obtain quality cosmesis of
the surgical wound in TKA. However, as the current
study was the first to examine the important surgical
factors affecting wound score after primary TKA, our re-
sults offer useful information that patella eversion and
anterior translation of the tibia were related to low score
of the wound healing following TKA.

Conclusions
Fortunately, in the present study using the unidirectional
barbed suture, major wound healing problem did not
occur. As to the surgical technique, intraoperative pa-
tella eversion and anterior translation of the tibia during
the cutting phase in knee flexion should be avoided for
quality cosmesis of the wound healing in primary TKA.

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

Authors’ contributions
KH designed the study, KK and YM accumulated the data, HT and KH
analyzed the data, and KH and YN drafted the manuscript. All authors read
and approved the final manuscript.

Acknowledgements
The authors gratefully acknowledge the valuable contribution of Sumi
Yamashita, RN.

Received: 11 October 2015 Accepted: 4 January 2016

References
1. Garbedian S, Sternheim A, Backstein D. Wound healing problems in total

knee arthroplasty. Orthopedics. 2011;34:e516–8.
2. Vince K, Chivas D, Droll KP. Wound complications after total knee

arthroplasty. J Arthroplasty. 2007;22:39–44.
3. Galat DD, McGovern SC, Larson DR, Harrington JR, Hanssen AD, Clarke HD.

Surgical treatment of early wound complications following primary total
knee arthroplasty. J Bone Joint Surg Am. 2009;91:48–54.

4. Patel RM, Cayo M, Patel A, Albarillo M, Puri L. Wound complications in joint
arthroplasty: comparing traditional and modern methods of skin closure.
Orthopedics. 2012;35:e641–6.

5. Argintar E, Triantafillou K, Delahay J, Wiesel B. The musculoskeletal effects of
perioperative smoking. J Am Acad Orthop Surg. 2012;20:359–63.

Table 3 Detailed information of the multiple regression analysis using stepwise method

Partial regression coefficient Standardized partial regression coefficient P 95 % confidence interval

Patella eversion 0.57 0.35 0.001> 0.31–0.82

Tibial translation 0.38 0.21 0.009 0.10–0.67

R2 = 0.15, ANOVA P < 0.0001; Durbin-Watson ratio 1.762

Harato et al. Journal of Orthopaedic Surgery and Research  (2016) 11:7 Page 4 of 5



6. Han HS, Kang SB. Relations between long-term glycemic control and
postoperative wound and infectious complications after total knee
arthroplasty in type 2 diabetics. Clin Orthop Surg. 2013;5:118–23.

7. Iorio R, Williams KM, Marcantonio AJ, Specht LM, Tilzey JF, Healy WL.
Diabetes mellitus, hemoglobin A1C, and the incidence of total joint
arthroplasty infection. J Arthroplasty. 2012;27:726–9. e721.

8. Kerkhoffs GM, Servien E, Dunn W, Dahm D, Bramer JA, Haverkamp D. The
influence of obesity on the complication rate and outcome of total knee
arthroplasty: a meta-analysis and systematic literature review. J Bone Joint
Surg Am. 2012;94:1839–44.

9. Rizvi AA, Chillag SA, Chillag KJ. Perioperative management of diabetes and
hyperglycemia in patients undergoing orthopaedic surgery. J Am Acad
Orthop Surg. 2010;18:426–35.

10. Johnson DP. Midline or parapatellar incision for knee arthroplasty. A
comparative study of wound viability. J Bone Joint Surg Br. 1988;70:656–8.

11. Olivecrona C, Lapidus LJ, Benson L, Blomfeldt R. Tourniquet time affects
postoperative complications after knee arthroplasty. Int Orthop. 2013;37:827–32.

12. Singer AJ, Arora B, Dagum A, Valentine S, Hollander JE. Development and
validation of a novel scar evaluation scale. Plast Reconstr Surg. 2007;120:
1892–7.

13. Xu SZ, Lin XJ, Tong X, Wang XW. Minimally invasive midvastus versus
standard parapatellar approach in total knee arthroplasty: a meta-analysis of
randomized controlled trials. PLoS One. 2014;9:e95311.

14. Dalury DF, Mulliken BD, Adams MJ, Lewis C, Sauder RR, Bushey JA. Early
recovery after total knee arthroplasty performed with and without patellar
eversion and tibial translation. A prospective randomized study. J Bone
Joint Surg Am. 2009;91:1339–43.

15. Sundaram RO, Ramakrishnan M, Harvey RA, Parkinson RW. Comparison of
scars and resulting hypoaesthesia between the medial parapatellar and
midline skin incisions in total knee arthroplasty. Knee. 2007;14:375–8.

16. Aso K, Ikeuchi M, Izumi M, Kato T, Tani T. Transcutaneous oxygen tension in
the anterior skin of the knee after minimal incision total knee arthroplasty.
Knee. 2012;19:576–9.

17. Clarke MT, Longstaff L, Edwards D, Rushton N. Tourniquet-induced wound
hypoxia after total knee replacement. J Bone Joint Surg Br. 2001;83:40–4.

18. Kadimcherla P, Lovy AJ, Sambaziotis C, Blum Y, Hirsh DM, Kim SJ. Knee
arthrotomy closure with barbed suture in flexion versus extension: a
porcine study. J Arthroplasty. 2014;29:2211–3.

19. Levine BR, Ting N, Della Valle CJ. Use of a barbed suture in the closure of
hip and knee arthroplasty wounds. Orthopedics. 2011;34:e473–5.

20. Nett M, Avelar R, Sheehan M, Cushner F. Water-tight knee arthrotomy
closure: comparison of a novel single bidirectional barbed self-retaining
running suture versus conventional interrupted sutures. J Knee Surg.
2011;24:55–9.

21. Vakil JJ, O’Reilly MP, Sutter EG, Mears SC, Belkoff SM, Khanuja HS. Knee
arthrotomy repair with a continuous barbed suture: a biomechanical study.
J Arthroplasty. 2011;26:710–3.

22. Wright RC, Gillis CT, Yacoubian SV, Raven 3rd RB, Falkinstein Y, Yacoubian
SV. Extensor mechanism repair failure with use of bidirectional barbed
suture in total knee arthroplasty. J Arthroplasty. 2012;27:1413 e1411–1414.

23. Campbell AL, Patrick Jr DA, Liabaud B, Geller JA. Superficial wound closure
complications with barbed sutures following knee arthroplasty. J Arthroplasty.
2014;29:966–9.

24. Ting NT, Moric MM, Della Valle CJ, Levine BR. Use of knotless suture for
closure of total hip and knee arthroplasties: a prospective, randomized
clinical trial. J Arthroplasty. 2012;27:1783–8.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Harato et al. Journal of Orthopaedic Surgery and Research  (2016) 11:7 Page 5 of 5


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Surgical technique
	Evaluations
	Statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	References



