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Abstract
The purpose of this study is to determine the current trends for wound
closure andpostoperativewound care for total knee andhip replacement
patients. This study will compare common techniques for superficial
would closure and discuss factors that influence wound healing. This
study will also include the results of a physician assistant (PA) survey
looking at what PAs are using for superficial skin closure techniques and
postoperative wound care after total knee and hip replacement.

Wound closure and
postoperative wound
care play a crucial role
in reducing postop-

erative complications and improving
patient satisfaction after total knee and
hip replacement surgery. Physician
assistants (PAs) are at the forefront of
wound care after total knee arthroplasty
(TKA) and total hip arthroplasty (THA),
includingwound closure in the operating
roomandmanagement of postoperative
wound care while the incision heals. For
superficial wound closure of TKA and
THA patients, no one technique is
universally accepted. The closure tech-
nique used is often the preference
of the surgeon/PA team or based on
patient factors that may influence post-
operative wound healing. The same can
be said for postoperative wound care,
and what types of wound dressings
are used.

Postoperative Wound Healing
Cutaneous wound healing is an impor-
tant and complex physiologic process.
Wound healing is typically divided into
4 separate but overlapping processes:
homeostasis, inflammation, prolifera-
tion, and remodeling. Hemostasis gen-
erally occurs by vasoconstriction and
clotting of thewoundwith platelets and a

fibrin matrix within seconds to minutes.
The inflammatory phase involves spe-
cific patterns of leukocyte action through
the acute inflammatory response, which
lasts minutes to days. After this, prolif-
eration of granulation tissue and vascu-
logenesis serves as a bed for tissue repair.
The proliferation phase begins around
day 2 and typically lasts up to 3 weeks.
It is through this phase that sufficient
re-epithelialization typically occurs to
provide a secure barrier to insult and
infection. For weeks to years, as the
wound matures, remodeling takes place
that creates a more secure and normal-
appearing wound through collagen
deposition and turnover of extracellular
matrix components1.

For all wounds, including surgical,
conditions related to thepatient and their
environment can affect the rate and
quality of healing. Intrinsic causes
of wound healing problems include
patient’s overall health status, metabolic
dysfunction such as diabetes or malnu-
trition, vascular insufficiency, and oxy-
gendeprivation for a variety of reasons. It
has also been shown that factors such as
stress and increased cortisol levels can
slow wound healing2. Extrinsic causes
of wound healing problems include
infection, medications including antico-
agulants, local reactions to bandages or
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ointments, poor wound margin
approximation, and the nature of
surgical procedure.

Wound Closure Techniques: Is
There a Best Option?
Total joint arthroplasty surgery
remains the preferred surgical proce-
dure for end-stage symptomatic knee
and hip osteoarthritis. However, there
is no consensus among orthopaedic
surgeons regarding which technique
or material should be used to optimize
wound closure in arthroplasty surgery.
In addition, the scientific literature to
date has been mixed and somewhat
inconclusive in providing surgeons
definitive recommendations on
wound closure techniques. For exam-
ple, one study suggested that wound
complication rate in THA is signifi-
cantly reduced by using a continuous
subcuticular suture technique3. Con-
sequently, the use of staples in hip
surgery remains a significant risk fac-
tor for developing a wound infection4.
Conversely, Kim5 postulated that
using staples after knee arthroplasty
demonstrated reduced wound com-
plications and improved wound clo-
sure times. Yet, other studies showed
no measurable differences in superfi-
cial infection and secondary outcomes
when sutures or staples were used in
total knee and hip arthroplasty6,7.
Moreover, there is no evidence in
the orthopedic literature that using
staples and/or sutures leads to
a satisfactory cosmetic result in
arthroplasty surgery. Given the tre-
mendous variability in research
studies as to what type of material
and technique is beneficial for the
closure of surgical wounds, the cho-
sen technique is usually a matter of
the surgeon’s preference in arthro-
plasty surgery.

Adhesives for Superficial
Wound Closure
Adhesives for superficial wound clo-
sure are an increasing popular option
for total knee and hip replacement
patients. Tissue adhesives provide a
skin closure with high tensile strength

that is cosmetically pleasing and easy
to maintain. Skin adhesives also pro-
vide increased skin profusion by
avoiding over-tensioning of the skin at
the time of closure. Adhesives aremost
successful when used in combination
with ameticulousmultilayeredwound
closure. Before the use of an adhesive
closure, the patient should be medi-
cally optimized and have no known
allergies/sensitivities to adhesives such
as surgical glues and acrylates (eyelash
extensions or fake nails). Before
administering a topical adhesive, a
layered wound closure is necessary
starting with the fascial layer, followed
by the elimination of any subcutane-
ous dead space, then a complete
subcutaneous closure, and finally a
subcuticular closure, if necessary.
During skin closure, the skin edges
should be well aligned to avoid gap-
ping, overlaying, or dog earing of the
skin. Minimizing drainage from the
wound at the time of topical adhesive
application is essential to allow the
adhesive to appropriately adhere to the
skin. It is important to allow appro-
priate adhesive drying time before
breaking sterile technique or removing
the surgical drapebecause the adhesive
does not become occlusive from bac-
teria or other environmental elements
until the drying process is complete.
Once dry, tissue adhesives such as
DERMABOND (2-octyl-cyanoacrylate;
Ethicon) provide a mechanical
barrier to microbial penetration6.
Tissue adhesives must be completely
dry before placing a dressing on top;
otherwise, the final dressing will
become “glued” to the skin. Waiting
for the adhesives to completely dry
prevents disruption of the occlusive
bond and the incisional healing pro-
cess when the dressing is removed.
Tissue adhesives have been associated
with less wound drainage, requiring
fewer dressing changes postopera-
tively than other closure techniques8.
However, there are no current data
that suggest tissue adhesives reduce
superficial wound infections postop-
eratively compared with other closure
methods5.

Anticoagulation Effects on
Wound Healing
Pharmaceutical agents used for venous
thromboembolism (VTE) prophylaxis
after total knee and hip replacement
surgery typically include antiplatlet
agents (aspirin), vitaminKantagonists
(warfarin), low molecular weight
heparins (enoxaparin), Xa inhibitors
(apixaban and rivaroxaban), and
indirect factor Xa inhibitor (fonda-
parinux). Unfortunately, there is
a paucity of literature evaluating
pharmacological anticoagulation
and wound healing. The overall
understanding is that the greater the
strength the pharmacological agent
has in preventing VTE, including the
dose and duration given, the more the
bleeding and drainage occurs. An
increase in drainage could result in an
increased risk of superficial wound
infection. Delayedwound healingmay
also contribute to a deep-seated peri-
prosthetic infection. Aspirin is one
of the most popular forms of anti-
coagulation for total knee and hip
replacement today because of a lower
bleeding risk compared with other
anticoagulants. However, aspirin is
not without potential adverse effects
on wound healing. Aspirin is be-
lieved to slow wound healing by de-
laying skin repair at the incision
site. Keratinocytes, stimulated by
12-hydroxyheptadeatrienoic acid
(12-HHT), migrate across the wound
to develop the epithelial layer of
skin during coagulation. Aspirin
reduces coagulation, which decreases
12-HHT, slows keratinocyte migra-
tion, and delays the development of
new skin9.

When deciding on dose and
duration of anticoagulation for total
knee and hip replacement patients,
one must be prudent to use an agent
that has an effective prophylaxis while
minimizing the potential bleeding
and wound healing problems that
may arise from more potent anti-
coagulation. In part, the controversy
has been because there have been
multivariable randomized control
trials (RCTs) with different design
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models and different outcomes mea-
suresand thereforehavebeendifficult to
perform a meaningful quantitative
analysis. In 2009, Brown10 performed a
pooled analysis of RCTs regarding VTE
prophylaxis after major joint surgery to
help address these issues. The RCTs
included all the major pharmacological
anticoagulants for VTE prophylaxis as
discussed above and reviewed rates of
symptomatic deep vein thrombosis
(DVT), venographic DVT, pulmonary
embolism (PE), fatal PE, major nonop-
erative site bleeding, and major opera-
tive site bleeding events. The pooled
analysis found no significant difference
in clinically relevant VTE outcomes
between pharmacological agents. It
demonstrated that all other classes of
anticoagulation except for aspirin
increased the risk of operative site
bleeding. A pooled analysis can be
somewhatproblematicbecauseofbiases
and that RCTs may differ in design,
which are limitations of this study.
However, this article provides mean-
ingful quantitative results and clinical
outcomes. Other studies have favored
the use of aspirin and mechanical
compression as being superior to
other pharmacological anticoagulation
regarding VTE prevention and de-
creased wound complications11-13.
Currently, the AAOS recommendation
for noncomplicated or low-risk patients
is aspirin and mechanical compression.

PA Survey Results on Superficial
Skin Closing Techniques and
Postoperative Wound Care
In an effort to determine the current
trends in wound closure and postop-
erative wound care for total knee and
hip replacement patients, a 7-question
survey was emailed to PAs during the
period of July and August 2019. The
survey was sent to the Journal of
Orthopaedics for Physician Assistants
PA email list of approximately 3,400
emails, and127 responseswere collected
from PAs all over the United States. The
relatively small response rate was likely
because of the fact thatmany PAs on the
email list are not exposed to TKA and
THA in their practice.

Questions 1 and 2 on the survey
asked responders about demographic
information and practice type,
respectively. The demographic
breakdown of responders included
28% from the Midwest, 26% from the
Northeast, 17% from the Southeast,
16% from theWest, and 13% from the
Southwest. The first survey question
asked, “Which choice best describes
your practice?”Of all responders, 37%
practiced exclusively in arthroplasty,
43% practiced in general orthopedics
including arthroplasty, 13% practiced
in sports medicine with some arthro-
plasty, 1% in lower extremity with
arthroplasty, and 6% chose “other”
which included a combination of
upper extremity or trauma with some
arthroplasty.

Question 3 on the survey asked
responders, “Which choice best
describes themost common technique
you use for skin closure of total joints
(hips and knees)? If you use a combi-
nation of these choices please describe
in “Other” option.” Although most
of the responders chose the “other”
option, 17% chose subcuticular mon-
icril with steri strips, 13% chose a
topical adhesive or “skin glue,” and
21% chose staples. Of the 48% (60
responders) who chose “other,” 45
use a topical adhesive in combination
with other closure techniques such
as a subcuticular barbed suture or
Dermabond Prineo skin closure sys-
tem. Nearly half of all PAs who re-
sponded (62 of 126) said they use a
topical adhesive for wound closure.
These data suggest there is a definite
trend toward the use of topical adhe-
sives for total knee and hip replace-
ment skin closure. A few unique
responses included the Zip Surgical
Skin Closure (ZipLine Medical) and
thePICOSingleUseNegativePressure
Wound Therapy System.

Question 4 on the survey asked,
“What is the most common post-op
dressing you use for total joint patients
after skin closure?”Most responders
or 59% said they use a waterproof
adhesive surgical dressing such as a
Mepilex or Aquacel dressing. The

other responses included 25% for a
combination of gauze or fluffs, soft
roll, ABD pads, and ACE wraps, 2%
chose a nonadhesive bandage, 5% use
gauze with a Tegaderm waterproof
transparent dressing, and 9% included
“other.”A few responses in the “other”
group said they use abdominal (ABD)
pads, soft roll, and an elastic com-
pressivewrap initially but changed this
out to awaterproof adhesive on theday
of discharge. Most PAs who practice
exclusively in arthroplasty said they
use a waterproof adhesive bandage
post-op (33 of 47 or 70%). These data
show that providers overwhelmingly
prefer a waterproof adhesive dressing
in both the hospital setting and at
discharge.

Question 5 on the survey asked,
“When do you remove the initial post-
op dressing after TKA and THA?”
The most popular option at 29% of
responses was an initial dressing
change onpost-opday (POD) #7 to 10,
whereas 21% said POD #10 to 14, 20%
said POD#2, and 14%said POD#1.Of
the 17% of responders who chose
“other,”many said that they have the
patient remove the dressing at home
around POD #5 to 7. These data sug-
gest that PAs prefer to leave the initial
dressing, or the dressing placed at
discharge, for at least 7 days post-op.

Question 6 on the survey asked,
“Whendoyou let patients shower after
TKA and THA?” The majority of
responses (46%) said they let patients
shower immediately after surgery
with a waterproof adhesive dressing,
whereas 18% said after the initial
dressing was changed to a waterproof
adhesive while in the hospital. Other
responses included 11% who said
one week post-op and 12% who
said 2 weeks post-op. Most of the
“other” responses stated they allow for
showering within 48 hours, which
indicates a topical adhesive closure
was likely used or a the patient is in-
structed to use a waterproof cover
while showering.

Question 7 on the survey asked,
“What are you using for difficult to
close incisions? (Provide examples of
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the difficult scenario).” Of the 120
responses to the question, 34% said
they useNylon and 25% said they used
staples making these 2 options the
most popular choices. Other unique
responses included the PICO wound
VAC, Prineo, and Prevena negative
wound VAC.

The final question of the survey
asked, “Please describe why you use
the previously chosen wound care
protocols?” The purpose of this ques-
tion was to gain insight on why each
protocol is followed. Those that used a
topical adhesive wound closure touted
the benefits of a water tight seal that
preventswounddrainage.While in the
hospital, a topical adhesive dressing
with a waterproof bandage allows
patients to shower immediately,
reduces the need for dressing changes,
and prevents patients from touching
the incision. A topical adhesive closure
alsoeliminates theneedforapotentially
painful staple or suture removal in the
office. A waterproof adhesive dressing
helps protect hip wounds in elderly
patients who may be incontinent and
contaminate the wound. The benefit of
staples is a faster closure, which helps
with operating room efficiency. The
benefit of a bulky dressing is to absorb
any wound drainage in the first few
postoperative days.

Conclusion
Wound closure and postoperative
wound care play an important role in
reducing surgical site and deep infec-
tions after total knee and hip replace-
ment surgery. With no evidence to
suggest one superficial wound closure

technique being more beneficial over
another, the choice is generally the
preference of the surgeon. Given that
patient satisfaction has an increasing
influence on total joint outcomes,
choosing a wound care strategy that
is convenient for the patient should
be a priority. The survey data re-
ported in this article show a definite
trend toward the use of topical
adhesives for superficial wound
closure along with waterproof
adhesive bandages. The combina-
tion of these 2 allows patients to
shower immediately after surgery,
provides an effective barrier to bac-
terial penetration, and helps prevent
the need for suture removal and
dressing changes post-op.
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