
J. Bone Joint Infect., 9, 241–248, 2024
https://doi.org/10.5194/jbji-9-241-2024
© Author(s) 2024. This work is distributed under
the Creative Commons Attribution 4.0 License.

    Journal of Bone
and Joint Infection

     JBJI

O
pe

n 
Ac

ce
ss

O
riginalfull-length

article

A combined debridement, antibiotics, and implant
retention (DAIR) procedure with flap coverage for acute

soft tissue defects following total knee arthroplasty:
a retrospective study

Laia Boadas-Gironès1, Marta Sabater-Martos1, Marc Ferrer-Banus1, Àlex Soriano-Viladomiu2, and
Juan Carlos Martínez-Pastor1

1Orthopedic Surgery and Traumatology, Hospital Clínic de Barcelona, C/ Villarroel 170,
08036 Barcelona, Spain

2Infectious Diseases, Hospital Clínic de Barcelona, C/ Villarroel 170, 08036 Barcelona, Spain

Correspondence: Laia Boadas-Gironès (lboadas@clinic.cat)

Received: 17 April 2024 – Revised: 14 August 2024 – Accepted: 18 August 2024 – Published: 29 October 2024

Abstract. Acute soft tissue defects, such as persistent drainage, wound dehiscence, or necrosis, following total
knee arthroplasty (TKA) can lead to the devastating complication of deep infection. Typically, when a medium-
sized defect is present, a gastrocnemius flap is widely employed for soft tissue reconstruction due to its low
morbidity and favourable functional outcomes.

When facing this situation, we should consider associating the coverage treatment with a debridement, antibi-
otics, and implant retention (DAIR) surgery procedure, in order to treat a possible acute infection, even when the
diagnosis of infection is not clear.

We performed a retrospective study to compare TKA outcomes in patients with DAIR and flap procedures
in the same surgical act against those who had received an isolated flap procedure for soft tissue reconstruction
after an acute surgical wound defect. Patients had been identified from a prospectively collated TKA database.

Between 2005 and 2021, 18 patients met our inclusion criteria, with a mean follow-up of approximately
8 years. A medial gastrocnemius flap procedure was performed for 15 patients (83 %).

We compared the rates of infection clearance between the two groups. No differences in comorbidities or risk
factors were observed between both groups. In the combination treatment group, 66.6 % of patients healed after
treatment compared to 33.3 % in the isolated flap group.

Although no significant statistical differences were found, the association of DAIR with the muscle flap pro-
cedure is highly recommended in the treatment of acute soft tissue defects after TKA. Further studies with larger
sample sizes are necessary to extrapolate these findings to the general population.

1 Introduction

Acute soft tissue defects such as persistent drainage, wound
dehiscence, wound leakage, or necrosis following total knee
arthroplasty (TKA) can lead to the devastating complication
of periprosthetic joint infection (PJI).

The incidence of wound complications after a TKA is
20 %, with 0.33 % of TKA patients needing surgical treat-
ment. After a wound complication, the risk of requiring ma-

jor intervention may increase 5-fold (Tetreault et al., 2016;
Galat et al., 2009).

The risk factor for developing a knee wound complication
may hinge on various factors related to the patient’s health,
including conditions such as diabetes, smoking (which in-
creases the risk of bleeding and infection), and obesity (as-
sociated with an increased risk of dehiscence and deep-
vein thrombosis). Additionally, local factors such as previ-
ous scars, major vessel trauma, haematoma, previous local
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infection, skin tension during closure, or previous irradiated
skin can contribute to the risk of developing complications in
knee wounds.

The McPherson (Coughlan and Taylor, 2020), joint-
specific BACH (JS-BACH) (Hotchen et al., 2021), and TNM
for prosthetic joint infections (PJI-TNM) (Baertl et al., 2024)
classifications can be useful in describing and predicting the
risk of failure in periprosthetic infections, as they include de-
scriptions of the conditions of soft tissues and the host’s sys-
temic conditions in their criteria.

When the defect cannot be directly closed or involves bone
or metalwork exposure, a coverage treatment is necessary,
and a plastic surgery expertise is required. Additionally, in
cases of skin tension during TKA closure, even in the ab-
sence of a skin defect, coverage treatment could improve
healing. This treatment will improve the delivery of oxygen
and systemic antibiotics and act as an immune modulator
in infected joints. Attempting joint reconstruction is futile if
soft tissues cannot adequately cover the prosthesis.

Typically, when a medium-sized defect is present (about
4–6 cm) in the patellar or infra-patellar region with prosthesis
or bone exposure, a medial gastrocnemius flap is employed.
Previously, the soft tissue reconstruction type has been de-
termined based on the location and Laing classification (Pa-
paioannou et al., 2010; Laing et al., 1992). The Laing classi-
fication had categorized lesions according to the severity of
wound dehiscence, the depth affected, and the presence of
prosthesis exposure. Nowadays, this classification is consid-
ered outdated since all wound-healing problems (persistent
drainage, necrosis or dehiscence) after TKA are considered
deep wounds, as there is not enough tissue to determine the
difference between superficial and deep wounds around the
knee. The gastrocnemius flap is widely used because of its
low morbidity and high functional outcomes. The reported
knee prothesis implant survival rate after a gastrocnemius
flap in the literature is approximately 90 % after acute wound
defect treatment (Tetreault et al., 2016; Ries and Bozic, 2006;
Sanders and O’Neill, 1981).

On the other hand, an early prosthetic joint dehiscence or
the presence of persistent drainage after 3 weeks may be a
sign of an acute prothesis joint problem. Furthermore, an
open surgical wound presents a potential entrance for mi-
croorganisms that could contact the prosthesis and develop
a prosthetic joint infection (PJI). In front of an acute joint in-
fection in a well-fixed prothesis, a debridement, antibiotics,
and implant retention (DAIR) procedure should be recom-
mended.

In the scenario of an acute wound-healing problem, eval-
uation is typically conducted by different specialties (or-
thopaedic surgeons, plastic surgeons, and/or infectious dis-
ease specialists). A multidisciplinary analysis with a consen-
sus decision should be performed in such situations to con-
sider the association of coverage treatment with a DAIR pro-
cedure. This dual approach aims to address potential acute
PJI in patients with soft tissue defects, even when the infec-

tion diagnosis remains uncertain. We could not find any stud-
ies comparing the efficacy of this combined approach within
a single surgical act versus isolated treatment for soft tissue
defects.

Our hypothesis was that combining a DAIR procedure
with soft tissue reconstruction surgery, such as a muscle flap,
in the same surgical act could improve the likelihood of pros-
thesis survival in cases of acute wound defects (dehiscence
or necrosis) following TKA, even when the infection has not
been confirmed.

2 Material and methods

This retrospective study compares total knee arthroplasty
(TKA) infection clearance in patients who underwent de-
bridement, antibiotics, and implant retention (DAIR) with a
concurrent flap procedure versus those who received an iso-
lated flap procedure for soft tissue reconstruction following
an acute surgical wound defect after TKA surgery.

Patients were identified from a prospectively collated TKA
and flap database between 2005 and 2021. The inclusion cri-
teria encompassed all patients diagnosed with acute wound
dehiscence or acute wound complications after TKA, includ-
ing those who underwent primary or revision prosthesis or
arthrodesis, and received a musculocutaneous flap procedure
for soft tissue reconstruction. Patients who received mus-
cle flaps for knee extensor mechanism loss reconstruction
or musculocutaneous flaps for prophylactic wound complica-
tion treatment in chronic TKA joint infection were excluded,
with or without the presence of a sinus tract.

Healing or TKA infection clearance was defined as the
presence of the original prosthesis after soft tissue recon-
struction intervention within 2 years, without subsequent
DAIR or suppressive antibiotic treatment.

Eighteen patients meeting the inclusion criteria were iden-
tified, with a median follow-up of approximately 8 years.
A medial gastrocnemius flap was performed for 15 patients
(83 %), a lateral gastrocnemius flap was performed for 2 pa-
tients (11 %), and a latissimus dorsal flap was performed for
1 patient (6 %).

Our sample was categorized into two groups: FLAP with
DAIR (patients receiving a DAIR procedure with polyethy-
lene exchange and flap coverage concurrently, i.e. proactive
DAIR) and FLAP without DAIR (patients undergoing iso-
lated soft tissue reconstruction treatment without a concur-
rent DAIR procedure).

Surgical decisions were made at the discretion of the sur-
geon or based on the clinical evolution of each patient.

The combination treatment group (FLAP with DAIR) in-
cluded 12 patients, while the isolated group (FLAP without
DAIR) included 6 patients. No differences in comorbidities
or risk factors were observed between both groups, includ-
ing sex, age, body mass index, ASA (American Society of
Anesthesiologists classification), KLICC score (Tornero et
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al., 2015), smoking, fever, pain, redness, wound drainage,
necrosis, knee defect, or type of knee prosthesis (primary or
revision).

Secondary outcomes such as the type of acute wound de-
fect, previous local risk factors, comorbidities, type of flap
performed, type of knee prosthesis, and microbiological cul-
ture results obtained during various surgical procedures were
reported.

The TKA infection clearance was compared for patients
with the combination treatment versus those receiving an iso-
lated flap procedure for soft tissue reconstruction after an
acute surgical wound defect after TKA surgery. Addition-
ally, the reasons for failure were described. Sub-analysis of
reported data and final outcomes had been done, in order to
describe the risk of failure.

In this study, we define the medical term “coverage” as the
process of covering a defect or wound to protect underlying
structures and promote healing. This is particularly neces-
sary in cases where there is a loss of skin or soft tissue due to
trauma, surgery, infection, or chronic wounds, involving pro-
cedures such as skin grafts, local flaps, or free flaps. We de-
fine “reconstruction” as the process of rebuilding or restoring
the form and function of a body part that has been damaged
or is missing. While these terms may overlap in some refer-
ences, they have distinct meanings in other contexts. There-
fore, we considered the differences between these terms in
our narration.

Statistical analyses were performed using Jamovi ver-
sion 2.3.19.0. Demographic data were compared between
groups using Fisher’s exact test or a t test for non-parametric
variables. Continuous variables were expressed with me-
dian and interquartile range (IQR), and dichotomous vari-
ables were expressed with absolute numbers and percent-
ages. Multinomial logistic regression analysis was performed
for multivariate outcomes. Risk of failure was evaluated us-
ing relative risk and its 95 % confidence interval (CI), with
statistical significance set at p < 0.05.

3 Results

The median age of our population was 72 years (range: 54–
82), with a median follow-up of 7 years (interquartile range
(IQR): 2–19).

Among the 18 patients, 8 were male. Four patients had
previously been diagnosed with diabetes, and six were tak-
ing oral anticoagulants. Two patients had undergone a pre-
vious flap procedure. In 9 out of 18 patients, flap surgery
was performed over a revision prosthesis; 83.3 % had persis-
tent wound drainage, and 72 % had cutaneous necrosis (Ta-
ble A1).

In the FLAP without DAIR group, five out of six pa-
tients had positive cultures during flap surgery. Two patients
(33 %) had positive cultures for Enterobacter bacteria (Es-
cherichia coli (E. Coli) and Klebsiella), two patients (33 %)

had positive cultures for Staphylococcus epidermidis, and
one patient had a positive culture for Enterococcus. One
case showed persistence of the same microorganism, Kleb-
siella pneumoniae, from previous joint cultures.

In the FLAP with DAIR group, 3 out of 12 patients
(25 %) had negative cultures during surgery, all of whom had
negative cultures in previous arthrocentesis. Among those
with positive cultures, Enterococcus was the most commonly
identified microorganism type (Table B1).

The failure rate in our sample was 8 out of 18 patients
(44.44 %). The main reason for failure was persistent infec-
tion after flap surgery, requiring a two-stage revision in 22 %
of cases, i.e. two cases in each group. Three cases required
amputation, two of which were in the FLAP without DAIR
group.

Twelve patients were included in the FLAP with DAIR
group: eight of them had infection clearance, two required a
two-stage revision, one needed amputation, and one received
a suppressive treatment to control the infection.

Six patients were included in the FLAP without DAIR
group: two of them had infection clearance, two needed a
two-stage revision, one required extremity amputation, and
one remained on suppressive treatment.

In the combination treatment, 66.67 % of patients healed
after treatment compared to 33.33 % in the isolated treat-
ment group. Therefore, patients in the FLAP without DAIR
group presented a higher failure rate with a relative risk of 2,
although these differences were not statistically significant
(95 % CI: 0.75–5.33; p = 0.18) (Table C1).

We conducted a sub-analysis to describe the risk factors
for failure. Although no statistical differences were observed
between the type of flap and favourable outcomes, three out
of four cases (75 %) that received a non-medial gastrocne-
mius flap failed (lateral gastrocnemius flap or latissimus dor-
salis flap), all of whom had undergone previous flap surgeries
(medial gastrocnemius flap).

The median number of previous knee surgeries, including
primary TKA, before flap procedures was 2 (IQR: 1–7).

We observed a higher rate of failure in patients with mul-
tiple previous joint surgeries (> 2 surgeries), with a failure
rate of 10 out of our sample of patients (55.56 %). The re-
lationship between multiple previous surgeries and failure
was statistically significant (p < 0.05) with a relative risk of
3.75 (95 % CI: 1.02–13.8). In 2 out of the 10 described cases
(20 %), one of the procedures involved flap coverage.

We also analysed the impact of positive cultures during
flap surgery on the final outcome (infection clearance). We
found a positive relationship between negative cultures and
favourable outcomes, although the differences were not sta-
tistically significant, with a relative risk of approximately 0.5
(95 % CI: 0.08–2.95).
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4 Discussion

The successful condition of soft tissue over the knee is the
main factor of success after a knee arthroplasty infection –
hence the necessity for a correct treatment in acute wound
defect (dehiscence or necrosis).

While skin blood supply is largely dependent on the ter-
minal branches of the anterior anastomoses, there is a bet-
ter blood supply originating medially. The poor vascularity
of the skin over a total knee arthroplasty affects the risk
of necrosis and subsequent healing rates postoperatively. In
cases of poor healing of wounds or skin necrosis after TKA,
early identification of the issue minimizes the risk of deeper
infection.

Several operative techniques are described for addressing
persistent open wounds, ranging from primary suturing af-
ter proper debridement of the lesion to fasciocutaneous flaps,
pedicle rotational muscle flaps, and free flaps. The muscu-
locutaneous flap creates a favourable environment with ad-
equate tissue oxygen supply and effective immunologic and
antibiotic delivery. The medial and/or lateral gastrocnemius
flap is generally considered the first-line treatment of choice
for knee defects following arthroplasty. The success of this
approach is attributed to the main vascularity of the flap,
with the medial sural artery providing a single pedicle around
which the muscle can be rotated. Additionally, the coverage
area can range from 30 to 50 cm, and the arc of rotation al-
lows for reconstruction of, most commonly, anterior defects,
thus addressing problems associated with the distal half of
the incision without necessitating microsurgery techniques
(Harrison et al., 2018; Theil et al., 2020).

Tetreault et al. (2016) advocate for favourable outcomes
following the use of a medial gastrocnemius flap to address
anterior soft tissue defects in knee arthroplasty infection
treatment, reporting success rates around 52 %. However,
their sample included patients with infected knee arthroplas-
ties without distinguishing between acute or chronic infec-
tion, nor did they specify the debridement treatment received
(DAIR, single exchange, or two-stage exchange).

In the study by Warren et al. (2018), only eight patients
(30.8 %) achieved infection clearance after initial treatment
and flap placement. Suda et al. (2014) observed that 40 %
of their patients experienced persistent or recurrent infection
during follow-up, with 32 % eventually requiring arthrode-
sis or above-the-knee amputation. In contrast, Corten et al.
(2013) reported superior outcomes; among their series of 24
patients, only 13 % experienced persistent or recurrent infec-
tion after flap placement, with only one patient (4 %) under-
going amputation. Variability in results across studies may
stem from differences in study populations and definitions of
healing.

In our study, the sample was clearly defined as patients
who underwent a flap procedure to address anterior knee
acute defects after knee arthroplasty, with or without asso-
ciated DAIR procedures, in the presence or absence of con-

firmed periprosthetic joint infection. We observed a success
rate of approximately 55.6 %, defining healing as the pres-
ence of the original prosthesis, without the need for further
DAIR or flap surgery or suppressive antibiotic treatment.

Kwiecien et al. (2016) introduced the concept of a proac-
tive flap. Among 73 patients undergoing extensive debride-
ment after chronic TKA infection, 15 received prophylac-
tic flap placement during initial revision arthroplasty with-
out pre-existing defects (proactive flap) to improve soft tissue
quality and blood supply. Persistent infection was observed
in 58 % of patients with reactive flap placement compared to
27 % of those with proactive flap placement.

The strategy for soft tissue management in complex joint
revision was outlined by Leckenby and Grobbelaar (2016).
In their study, patients were classified based on chronol-
ogy, presence of infection, and metalwork exposure. This
study included all patients with soft tissue problems follow-
ing joint revision, encompassing those at potential future risk
and those with wound breakdown (acute or chronic).

In the group with potential soft tissue risk (Group I), pa-
tients were divided into two subgroups: those without a di-
agnosed infection, where an arthroplasty revision with a pro-
phylactic flap was recommended, and those with a confirmed
infection, where a two-stage revision was needed and where
the flap surgery was performed in the first stage.

Patients with postoperative wound breakdown were clas-
sified as Group II or III depending on the timing. Acute or
subacute cases were defined as Group II, and chronic cases
were defined as Group III. In these cases, the flap was per-
formed as a treatment for the soft tissue problems.

Leckenby and Grobbelaar (2016) reported that patients
with closed wounds had better outcomes (flap failure, per-
sistent infection, reinfection, necessity for a second flap, or
chronic wound) compared to those with open wounds, sup-
porting the necessity for a proactive flap.

According to Leckenby and Grobbelaar (2016), our study
would be included in Group IIb – patients with acute or suba-
cute postoperative wound breakdown with metalwork expo-
sure. However, we divided our sample into two subgroups:
those who received only soft tissue reconstruction with a
flap and those who received both soft tissue reconstruction
and proactive debridement, antibiotics, and implant retention
(DAIR) in the same procedure. We argue that proactive DAIR
during the soft tissue reconstruction, in cases of acute wound
complications after total knee arthroplasty (TKA), increases
favourable outcomes, supporting the notion that a persistent
open wound represents a potentially infected arthroplasty,
even if the diagnosis is not confirmed.

Early prosthetic joint dehiscence may indicate an acute
prosthetic joint problem. Additionally, an open surgical
wound could serve as an entry point for microorganisms to
contact the prosthesis. This rationale underlies our hypoth-
esis that in the context of acute soft tissue problems after
TKA, a proactive approach may enhance favourable out-
comes. Thus, we propose performing a “prophylactic” DAIR
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in conjunction with reconstruction treatment, such as a mus-
cle flap, to address potential acute infections even when the
infection diagnosis is unclear.

We could not find studies analysing the benefit of this com-
bined approach in the same surgical setting compared to iso-
lated treatment of soft tissue defects. In our study, the only
one with this focus to our knowledge, the combination group
(FLAP with DAIR) yielded better results, even with no statis-
tical significance. The increased risk of failure in the FLAP
without DAIR group compared to the isolated soft tissue re-
construction treatment was approximately with a relative risk
(RR) of 2 (95 % CI: 0.75–5.33).

The risk of PJI after TKA ranges from 0.8 % to 2 % over
10 years, but it increases to approximately 3 % following
aseptic prothesis exchange (Huotari et al., 2015; Lenguer-
rand et al., 2017). One reason for this increase may be multi-
ple surgeries in the same region of the body, which can affect
local soft tissue vascularity. In our cohort, poorer results may
partly be attributed to a greater number of knee operations
before flap coverage, with a median of 2 previous surgeries
before flap soft tissue reconstruction with a flap (including
primary knee arthroplasty intervention). We observed a sta-
tistically significant negative relationship between multiple
previous surgeries and unfavourable outcomes, with an RR
of 3.75 (95 % CI: 1.02–13.8).

The literature does not define clear risk factors for gas-
trocnemius flap failure; however, it does identify several vari-
ables, including age, sex, obesity, medical comorbidities, di-
abetes, coronary artery disease, time from initial TKA to flap
coverage, time from diagnosis of PJI to flap surgery, skin
defect size, and number of surgeries prior to flap coverage
(Tetreault et al., 2016; Warren et al., 2018). Future studies
should aim to establish indications for flap coverage and de-
velop an evidence-based reconstructive algorithm.

Based on our results, we advocate for proactive DAIR
(protocol FLAP with DAIR) in patients with acute soft tissue
defects following TKA to address potential acute infections,
even in cases where infection diagnosis is unclear.

However, we acknowledge both the strengths and limita-
tions of our study. Among its limitations, it is a retrospec-
tive analysis with inherent biases, including sampling bias
and limitations in obtaining all relevant data. Additionally,
the small sample size and varying follow-up periods limit
the power to detect factors predicting poorer prognosis after
flap coverage. Sample size also precludes multivariate anal-
ysis to control for confounding variables. Finally, our study
was conducted at a single centre, limiting external validity,
although our hospital is a tertiary university hospital serving
as a national reference for musculoskeletal infection units.
Another limitation of the current study is that we did not col-
lect data on postoperative knee functionality in either study
group, as this was not a primary objective of the study. In fu-
ture studies, it would be valuable to compare the outcomes.

More extensive studies with larger patient cohorts and
longer follow-up periods are needed to generalize results to
the general population.

5 Conclusion

In conclusion, while there was no significant statistical
difference between the two groups, the promising out-
comes showed that the combination treatment of DAIR with
polyethylene exchange procedure and flap surgery is highly
recommended in acute soft tissue defects (dehiscence or
necrosis) after knee arthroplasty. However, further studies
with larger sample sizes are necessary to extrapolate results
to general population.
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Appendix A

Table A1. Epidemiologic patient characteristics. Note that DM represents diabetes mellitus, and OAC represents oral anticoagulation.

All patients FLAP with DAIR FLAP without DAIR
N = 18 (%) N = 12 N = 6

Age (years) 71.4 71.8 70.7
Sex (M : F) 8 : 10 4 : 8 4 : 2
DM 4 3 1
OAC 6 4 2
KLICC 1.39 1.5 1.2
ASA 2.33 2.4 2.16

Prosthesis

Primary Prosthesis 9 6 3
Revision Prosthesis 9 6 3

Fistula tract 4 (22.22) 3 1
Necrosis 13 (72.22) 9 4
Wound drainage 15 (83.33) 10 5

Appendix B

Table B1. Microbiological cultures.

All patients FLAP with DAIR FLAP without DAIR
N = 18 N = 12 N = 6

S. epidermidis 3 1 2
E. coli 2 1 1
Enterococcus 3 2 1
K. pneumoniae 1 0 1
Pseudomonas aeruginosa 1 1 0
B. cereus 1 1 0
Polymicrobial infection (including Enterococcus) 3 3 0
Culture negative 4 3 1
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Appendix C

Table C1. Statistical analysis.

TKA clearance

No Yes Total

FLAP without DAIR N 4 2 6
% 66.7 % 33.33 % 100 %

FLAP with DAIR N 4 8 12
% 33.33 % 66.67 % 100 %

Total N 8 10 18
% 44.4 % 55.6 % 100 %

P 95 % CI

χ2 1.80 P = 0.180 RR 2 0.75–5.33
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