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Deep periprosthetic infection after total knee arthroplasty is a serious and challenging 
complication for the orthopedic surgeon. Muscular flaps may represent a valid treatment 
option for the treatment of this condition. We present a systematic literature review 
about the use of muscular flaps for the treatment of knee prosthetic joint infection. 
The review is reported according to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. 70 articles, out of 589 titles, were considered 
eligible for the full-text analysis. Finally, 27 studies that met inclusion criteria were 
included in this review. Overall, 345 patients (139 males, 206 females) suffering from TKA 
infection treated with muscular flaps were collected. The mean age was 57.3 years. Mean 
follow-up, reported in all studies, was 30.1 months. 
The results presented by the different authors, highlight the effectiveness of muscular 
flaps for the treatment of periprosthetic infection, in terms of function, limb salvage, 
prevention of recurrences, cost-effectiveness, and quality of life postoperatively. 
Muscle flaps provide an excellent management option for patients with persistent 
infection after total knee arthroplasty. 

INTRODUCTION 

Total knee arthroplasty (TKA) is one of the most reliable 
and successful surgical procedures in orthopedic surgery 
with high clinical outcomes in patients with symptomatic 
osteoarthritis.1,2 

However, some complications after TKA may occur, and 
they could be very threatening for the patient. Among those 
are included all types of integumentary closure disorders, 
such as delayed wound healing, wound dehiscence, or skin 
necrosis which may lead to prosthetic infection or amputa-
tion.3,4 

In general, systemic comorbidities (i.e., diabetes, col-
lagen vascular disease, or obesity), chronic immunosup-
pression, smoking, and malnutrition lead to delayed wound 

healing, which contributes to higher rates of incisional de-
hiscence.5,6 

Integumentary defects after knee replacement are diffi-
cult to manage, especially if the infection is deeper than ex-
pected and the prosthesis is already involved or if the bone 
or prosthesis is exposed. 

The correct management of prosthetic infection should 
include a joint team of orthopaedics and plastic surgeons in 
order to allow the limb salvage, whose evolution would oth-
erwise be, in many cases, amputation.7,8 

Flaps have been widely used in orthopedic surgery for the 
management of congenital, tumoral9,10 and infectious dis-
eases and on the basis of anatomical content, they can be 
divided into skin flaps, muscle, and myocutaneous flap, and 
fascia or fascio-cutaneous flap.11 
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Soft tissue coverage of the knee, in most cases, can lead 
to good functional and even aesthetic results, avoiding the 
appearance of bone sequelae and accelerating the healing 
process by providing adequate local blood supply with 
faster and complete absorption of antibiotics. 

The choice of the type of flap is determined by many fac-
tors such as the general conditions of the patient, the con-
comitant injuries and pathologies, the possible functional 
sequelae, and of course by the type of wound the surgeon 
has to deal with. 

We report a systematic review of the literature on the 
role of muscular flaps for the treatment of knee prosthetic 
joint infection. The review was performed to answer the fol-
lowing question: are muscular flaps useful for the manage-
ment of wound dehiscence in prosthetic infection of the 
knee? 

MATERIAL AND METHODS 
STUDY SETTING AND DESIGN 

The present investigation represents a systematic literature 
review reported according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines (Figure 1). 

INCLUSION AND EXCLUSION CRITERIA 

In this review we considered the studies published as full-
text articles in indexed journals, which investigated the 
value of muscular flaps for the management of knee pros-
thetic infection. Only articles written in English with avail-
able abstract were included. No publication date limits were 
set. Surgical technique reports, expert opinions, letters to 
the editor, studies on animals, unpublished reports, cadaver 
or in vitro investigations, review of the literature, abstracts 
from scientific meetings and book chapters were excluded 
from the present review. 

SEARCH STRATEGY AND STUDY SELECTION 

Scopus, Cochrane Library, MEDLINE via PubMed and Em-
base were searched using the keywords: “muscular flaps”, 
“gastrocnemius muscle flap”, "vastus lateralis muscle flap 
", “muscular”, “flaps”,“periprosthetic knee infection”, “knee 
prosthetic joint infection”, “Infected Arthroplasty”, “in-
fected knee”, “two-stage revisions” and their MeSH terms 
in any possible combination. The reference lists of relevant 
studies were screened to identify other studies of interest. 
The search was reiterated until April 15, 2021. 

DATA EXTRACTION AND ANALYSIS 

Two independent reviewers (A.S and D.D.M) collected the 
data from the included studies. Any discordances were 
solved by consensus with a third author (G.R.). For each 
study included in the present analysis, the following data 
were extracted: year, types of research studies, demo-
graphic features, diagnosis, previous knee surgery, 
pathogens, treatment performed, possible complications 
and outcomes, follow-up. Numbers software (Apple Inc., 
Cupertino, CA) was used to tabulate the obtained data. Cat-

Figure 1. PRISMA Flow-chart 

egorical variables are presented as frequency and percent-
ages. Continuous variables are presented as means and 
standard deviation. Only one decimal digit was reported 
and was rounded up. 

RESULTS 

After screening 589 articles by title and abstract, 70 were 
considered eligible for the full-text analysis. 500 articles 
were excluded because they did not fulfill inclusion criteria. 
Finally, 28 studies (Table 1) that met inclusion criteria were 
included in this review (Figure 1). All these studies had a 
retrospective descriptive design. 

Overall, 345 patients (139 males, 206 females) suffering 
from TKA infection treated with muscular flaps were col-
lected. The mean age was 57.3 years. Mean follow-up, re-
ported in all studies, was 30.1 months (Table 2). 

In most of the papers the patients were treated with TKA 
after diagnosis of primary osteoarthritis5,12–18 Only two ar-
ticles specify the type of the implant.16,17 

Infection timing was reported in 7 studies15,17,19–22 with 
a range of 10 days - 6.6 months. 

Pathogens responsible for the infections were specified 
in 12 studies. The most common organism was Staphylo-
coccus Aureus,12,14,15,18,21,23–26 followed by Pseudomonas 
Aeruginosa18,25,26 and Enterococcus.15,25 Only three pa-
pers mentioned antibiotic therapy administered to the pa-
tients.17,23,27 Most of the therapeutic choices were based on 
the susceptibility test and the results of the Antibiogram. 
Stiehl JB. et al.17 described initially the use of cefazolin 
as empirical treatment and later, as the isolation of the 
pathogens was completed, the therapy was then adapted 
and changed with ciprofloxacin + piperacillin-tazobactam. 
Whiteside et al.23 performed intraarticular administration 
of vancomycin or Gentamicin depending on the pathogens 
isolated during the microbiological investigations. Van-
comycin was chosen also by Huang,27 who administered it 
for two weeks after the surgery. 
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Table 1. Selected articles 

ARTICLE 
TYPE OF 

STUDY 
NUMBER OF 

PATIENTS 
TYPE OF FLAP 

MEAN FOLLOW-
UP (months) 

Salibian AH 
1983 

V 1 Medial and lateral gastrocnemius / 

Greenberg B 
1989 

IV 10 Medial and lateral gastrocnemius 24 

Siim E 1991 IV 18 
Medial and lateral gastrocnemius; 
Fasciocutaneous flap; Mesh graft 

68 

Gerwin M 
1993 

IV 12 Medial gastrocnemius 53 

Browne EZ Jr 
1994 

IV 9 
Medial gastrocnemius; Latissimus dorsi; Rectus 

abdominis 
26 

MarkovichGD 
1995 

IV 12 
Medial gastrocnemius; latissimus dorsi; rectus 

abdominis 
47.6 

McPherson 
EJ 1997 

IV 21 Medial and lateral gastrocnemius 16.8 

Nahabedian 
MY 1999 

IV 28 
Medial and lateral gastrocnemius; Rectus 

abdominis; Fasciocutaneous flaps 
69 

Casanova D 
2001 

IV 10 Medial and lateral gastrocnemius 7 

Hallock GG 
2003 

IV 2 Medial gastrocnemius / 

Busfield BT 
2004 

IV 9 Medial gastrocnemius / 

Stiehl JB 
2004 

V 1 Medial gastrocnemius 12 

Ries MD 
2006 

IV 12 Medial gastrocnemius 28 

Cetrulo CL Jr 
2008 

IV 11 Latissimus dorsi; Rectus abdominis / 

Hierner R 
2009 

IV 14 Latissimus dorsi 34.6 

Boopalan PR 
2009 

V 1 Medial and lateral gastrocnemius 18 

Whiteside LA 
2012 

III 18 
Vastus medialis and lateralis (2 combined with 

gastrocnemius) 
27 

Pozzobon LR 
2013 

IV 9 Medial gastrocnemius / 

Corten K 
2013 

IV 24 Medial and lateral gastrocnemius 54 

Jung JA 2013 IV 1 Reverse gracilis muscle flap 12 

Suda AJ 2014 IV 25 
Medial and lateral gastrocnemius; Latissimus 

dorsi 
3 

Tetreault MW 
2016 

IV 27 Medial gastrocnemius 48 

Warren IV 26 Medial and lateral gastrocnemius 39 

Ong SW 2019 IV 10 Combined gastrocnemius and hemi-soleus 12 

Yusof MN 
2019 

IV 12 Medial and lateral gastrocnemius / 

Saaiq M 2020 V 1 Medial and lateral gastrocnemius / 

Moog P 2020 IV 20 Medial gastrocnemius / 

Huang K 
2020 

V 1 Medial and lateral gastrocnemius 12 

As shown in table 2 different types of vascular muscle 
flap were reported for treatment of knee prosthetic joint in-
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Table 2. Epidemiological data 

Number of patients 345 

139 (41.0%) 

206 (59.0%) 

Mean Age (years) 57.3 

Mean Follow-up (months) 30.1 

Number of flaps 327 

305 

28 

9 

18 

1 

1 

Table 3. Type of flap and post-operative complications 

Type of flap Rate of complete 
healing at last follow-
up 

Complications 

-Medial and 
lateral 
gastrocnemius 

93.9% 36 infections (13.3%), 5 partial flap tip necrosis (1.8%), 2 flap failure needing 
revision (0.7%), 1 flap venous thrombosis (0.3%), 2 fistula (0.7%) 

-Latissimus dorsi 97.9% 1 infection (3.5%), 1 flap venous thrombosis (3.2%), 1 flap arterial thrombosis 
(3.5%), 4 partial skin necrosis (14.3%) 

-Rectus 
abdominis 

100% 1 infection (11.1%) 

-Vastus medialis 
and lateralis 

100% None 

-Gracilis 100% None 

• Male 

• Female 

• Medial and lateral gastrocnemius 

• Latissimus dorsi 

• Rectus abdominis 

• Vastus medialis and lateralis 

• Gracilis 

• hemi-soleus 

fection: medial and lateral gastrocnemius muscle flap; vas-
tus medialis and vastus lateralis flap; gracilis, hemy soleus 
flaps, rectus abdominis and latissimus dorsi free flaps. 

Medial and lateral gastrocnemius were used in 270 pa-
tients. In the cases where a gastrocnemius muscle flap was 
performed, the outcomes were really satisfying, with (Table 
3) the 93.9% rate of complete healing with no evidence of 
infection at last follow-up and all the wounds healed unre-
markably. Regarding post-operative complications, a small 
percentage of patients treated with gastrocnemius muscle 
presented partial flap necrosis, reinfection and venous 
thrombosis (Table 3). 

Among other flap options, latissimus dorsi was used in 
28 patients,18,28 and a combination of medial gastrocne-
mius and hemi soleus flap was used in ten patients,29 both 
with a good outcome. Gracilis muscle flap was used in one 
case with a good outcome.30 

DISCUSSION 

Total knee arthroplasty is a successful surgical procedure 
for the treatment of osteoarthritis, which leads to prompt 
pain relief and significant quality of life improvement in 
those patients who are suffering from osteoarthritis with 
severe clinical picture and a deep limitation of daily activ-
ities. For these reasons, TKA is among the most common 

surgery procedures, even today, despite the difficulties and 
the limitations due to the COVID-19 Pandemic.31 However, 
TKA is a greater orthopedic procedure, involving a massive 
surgical intervention and a complete substitution of the na-
tive articulation. Choosing this kind of procedure the sur-
geon knows the related risks, and the patient has to be in-
formed as well.32,33 Among complications, one of the most 
insidious is the periprosthetic joint infection (PJI). 

Wound healing complications of prosthetic knee replace-
ment can lead to integumentary defects, prosthetic infec-
tion and poor clinical outcomes, even limb amputation. 
Skin necrosis and breakdown of the superficial wound with-
out involvement of the deep layers or the presence of a 
wound sinus are relatively easier to solve, as long as the sur-
gical team reacts quickly and accurately. Antibiotics are still 
the first line-therapy to face PJI, and even if they are nec-
essary, sometimes they are not enough. As already said, few 
articles illustrated the chosen antibiotical protocol. Stiehl 
JB. et al17 described initially the use of cefazolin as empir-
ical treatment and later, as the isolation of the pathogens 
was completed, the therapy was then adapted and changed 
with ciprofloxacin + piperacillin-tazobactam. Whiteside et 
al23 performed intraarticular administration of vancomycin 
or gentamicin depending on the pathogens isolated during 
the microbiological investigations. vancomycin was chosen 
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also by Huang,27 who administered it for two weeks after 
the surgery. 

The use of vacuum closure devices (VAC) can be con-
sidered to treat this type of complication and has precise 
purposes, such as reducing the size of the wound by elimi-
nating exudate and reducing edema, producing granulation 
tissue due to increased local microvascular perfusion, im-
proving the wound bed before rescue surgery, and allowing 
easier surgical wound closure procedures.34,35 The tissue 
produced by the VAC is an unstructured granulation tissue, 
without a scaffold, therefore it doesn’t allow a good defense 
against infection or trauma.36 For this reason, it cannot be 
a definitive treatment, and it is usually used only to close 
small wounds, or to prepare the wound bed before a defini-
tive treatment such as a free skin graft or flap.37 

Surgical procedures requiring a deep intervention on the 
tissues of the knee are vulnerable to cellulitis, abscesses 
and consequently more extensive tissue involvement and 
joint instability. If the wound dehiscence involves the fas-
cial layer, the prosthesis exposure is most likely present, 
leading to a need for a muscle or myocutaneous flap, which 
is considered the gold standard treatment option.38 Muscle 
flaps help to control infection through the large vascular 
supply. Although many surgical techniques for plastic cov-
erings have been described, the most used flaps are those 
found closer to the lesion.37 According to our systematic re-
view of the literature the gastrocnemius flaps are the most 
frequent flaps used for the treatment of wound dehiscence 
of the knee because they have been traditionally considered 
effective. In fact, gastrocnemius flaps provide well-vascu-
larized, bulky, and robust soft tissue coverage to obliterate 
dead space and provide a bed for wound healing and skin 
grafting in the setting of chronically infected wounds.38,39 

The gastrocnemius muscle has a medial and lateral head, 
with independent vascular supplies, leading to the possibil-
ity to choose the muscle flap depending on the knee defect 
localization. It is widely accepted that the arc of rotation of 
the gastrocnemius muscle flap has sufficient reach to cover 
the middle and lower portion of the knee in both the an-
terior and posterior regions of the popliteal fossa. This is 
the gold standard option in case of necrosis and it is per-
formed after the receiving region has been extensively ster-
ilized and debrided, to prevent complications. The use of 
multiple drains is recommended to prevent fluid accumu-
lation in the dissected space.40 These flaps have provided 
reliable results in covering exposed knee prostheses. A re-
cent study by Warren et al41 reported a 42.3% of infection-
free patients with a retained prosthesis after treatment at a 
mean follow-up of 5.3 years. Gerwin et al14 found that 11 
of 12 patients (92%) who had medial gastrocnemius cover-
age of an exposed or infected knee prosthesis had an excel-
lent outcome, with 10 of 12 patients (82%) retaining their 
prostheses or having a successful reimplantation. Nahabe-
dian et al5 demonstrated that early aggressive debridement 
and irrigation of the wound with early muscle flap coverage, 
especially gastrocnemius, has 83% salvage rate. 

The use of the vastus medialis and lateralis muscle with 
a proximal pedicle, is a common technique in the recon-
structive surgery, such as the treatment of complicated ul-
cers in the pelvic girdle42 but its use for the knee coverage 
is not common and it is based on the studies of Wang and 

Swartz.43,44 However, a combination of the vastus medialis 
or vastus lateralis tibial attachments with a gastrocnemius 
muscle flap may be necessary to soft tissue coverage when 
there is a large anterior wound defect and the extensor 
mechanism or capsule have been affected. Whiteside et al23 

used this surgical technique, combined with a distal expan-
sion using a soleus flap in revision TKA with extensor mech-
anism deficiency. 

The use of the soleus alone would have been insufficient 
due to the usual size of the wound defect, and also their 
combined use as bimuscular flap, helps to limit flexion and 
improve stability of a severely affected knee.45,46 

An option within the musculocutaneous local flap is the 
pedicled gracilis muscle flap, as it provides long, thin and 
versatile muscle coverage with a vascular pedicle and min-
imal donor site morbidity. Jung AJ et al30 reported a case 
of soft tissue reconstruction using a reverse gracilis muscle 
flap, demonstrating its potency for knee area reconstruction 
or in addition to a medial or lateral gastrocnemius flap. 

Free flaps may be the best treatment choice in case of an 
exposed or threatened prosthesis when local flaps are inad-
equate. Economides et al37 compared pedicled muscle flaps 
to fasciocutaneous flaps and found a comparable limb and 
prosthetic salvage rate. According to our review of litera-
ture, latissimus dorsi and rectus abdominis free flaps have 
been used for knee defects. A latissimus dorsi free muscle 
flap provides excellent coverage to the anterior knee be-
cause it has the potential to be quite large and it has a re-
liable blood supply. The rectus abdominis flap is another 
good coverage alternative which provides robust local per-
fusion. Cetrulo et al47 reported their experience using free 
tissue transfer, both latissimus dorsi and rectus abdominis, 
to reconstruct wound dehiscence after TKA. This study 
achieved 100% limb salvage and 91% prosthesis salvage in 
eleven patients presenting with exposed total knee arthro-
plasties using a combination of aggressive antibiotic ther-
apy and microvascular free tissue transfer. 

CONCLUSION 

Given the increasing number of knee joint replacements 
globally performed every year, a careful evaluation of the 
optimal management for the treatment of possible compli-
cations remains of great importance. 

The results reported by the different authors in the pre-
sent review highlight the effectiveness of muscular flaps for 
the treatment of periprosthetic infection, in terms of func-
tion, limb salvage, prevention of the recurrences, cost-ef-
fectiveness, and quality of life postoperatively. 

Muscle flaps provide an excellent management option 
for patients with persistent infection after knee arthro-
plasty. 

Further, larger studies, with a randomized controlled de-
sign, may consolidate these findings. 

CONTRIBUTIONS 

The authors contributed equally. 

Use of muscular flaps for the treatment of knee prosthetic joint infection: A systematic review

Orthopedic Reviews 5



CONFLICT OF INTERESTS 

The authors declare no potential conflict of interest 

FUNDING 

The authors received no financial support for the research 
and /or authorship of this article. 

Submitted: October 23, 2021 EDT, Accepted: December 27, 2021 

EDT 

Use of muscular flaps for the treatment of knee prosthetic joint infection: A systematic review

Orthopedic Reviews 6



REFERENCES 

1. Feng JE, Novikov D, Anoushiravani AA, 
Schwarzkopf R. Total knee arthroplasty: improving 
outcomes with a multidisciplinary approach. J 
Multidiscip Healthc. 2018;11:63-73. doi:10.2147/jmd
h.S140550 

2. Romeo M, Rovere G, Stramazzo L, et al. Single use 
instruments for total knee arthroplasty. Med Glas 
(Zenica). 2021;18(1):247-251. doi:10.17392/1321-21 

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(1):48-54. 
doi:10.2106/jbjs.G.01371 

4. Fedorka CJ, Chen AF, McGarry WM, Parvizi J, Klatt 
BA. Functional ability after above-the-knee 
amputation for infected total knee arthroplasty. Clin 
Orthop Relat Res. 2011;469(4):1024-1032. doi:10.100
7/s11999-010-1577-0 

5. Nahabedian MY, Mont MA, Orlando JC, Delanois 
RE, Hungerford DS. Operative management and 
outcome of complex wounds following total knee 
arthroplasty. Plast Reconstr Surg. 
1999;104(6):1688-1697. doi:10.1097/00006534-19991
1000-00012 

6. Meschini C, Cauteruccio M, Oliva MS, et al. Hip and 
knee replacement in patients with ochronosis: 
Clinical experience and literature review. Orthop Rev 
(Pavia). 2020;12(Suppl 1):8687. doi:10.4081/or.2020.8
687 

7. Donati F, Di Giacomo G, D’Adamio S, et al. Silver-
Coated Hip Megaprosthesis in Oncological Limb 
Savage Surgery. Biomed Res Int. 2016;2016:9079041. d
oi:10.1155/2016/9079041 

8. Oliva MS, Masci G, Vitiello R, et al. Hip 
megaprosthesis in oncological surgery: open 
questions. J Biol Regul Homeost Agents. 2019;33(2 
Suppl. 1):45-49. XIX Congresso Nazionale S.I.C.O.O.P. 
Societa' Italiana Chirurghi Ortopedici Dell'ospedalita' 
Privata Accreditata. 

9. Greco T, Cianni L, De Mauro D, et al. Foot 
metastasis: Current knowledge. Orthop Rev (Pavia). 
2020;12(Suppl 1):8671. doi:10.4081/or.2020.8671 

10. Oliva MS, Vitiello R, Cauteruccio M, et al. 
Cemented versus cementless megaprosthesis in 
proximal femur metastatic disease: A systematic 
review. Orthop Rev (Pavia). 2020;12(Suppl 1):8689. do
i:10.4081/or.2020.8689 

11. Rovere G, Stramazzo L, Cioffi A, et al. What’s the 
resolutive surgery for pseudo-ainhum in Vohwinkel 
syndrome? A case report and review of the literature. 
Orthop Rev (Pavia). 2020;12(4):8868. doi:10.4081/or.2
020.8868 

12. Greenberg B, LaRossa D, Lotke PA, Murphy JB, 
Noone RB. Salvage of jeopardized total-knee 
prosthesis: the role of the gastrocnemius muscle flap. 
Plast Reconstr Surg. 1989;83(1):85-89, 97-99. doi:10.1
097/00006534-198901000-00016 

13. Siim E, Jakobsen IE, Medgyesi S. Soft-tissue 
procedures for the exposed knee arthroplasty. 18 
cases followed for 7 (1-17) years. Acta Orthop Scand. 
1991;62(4):312-314. doi:10.3109/17453679108994459 

14. Gerwin M, Rothaus KO, Windsor RE, Brause BD, 
Insall JN. Gastrocnemius muscle flap coverage of 
exposed or infected knee prostheses. Clin Orthop 
Relat Res. 1993;(286):64-70. 

15. Browne, E. Z., Jr., Stulberg BN, Sood R. The use of 
muscle flaps for salvage of failed total knee 
arthroplasty. Br J Plast Surg. 1994;47(1):42-45. doi:1
0.1016/0007-1226(94)90116-3 

16. Markovich GD, Dorr LD, Klein NE, McPherson EJ, 
Vince KG. Muscle flaps in total knee arthroplasty. Clin 
Orthop Relat Res. 1995;(321):122-130. 

17. Stiehl JB, Sterkin LA, Brummitt CF. Acute 
pasteurella multocida in total knee arthroplasty. J 
Arthroplasty. 2004;19(2):244-247. doi:10.1016/j.arth.2
003.08.004 

18. Suda AJ, Cieslik A, Grützner PA, Münzberg M, 
Heppert V. Flaps for closure of soft tissue defects in 
infected revision knee arthroplasty. Int Orthop. 
2014;38(7):1387-1392. doi:10.1007/s00264-014-231
6-z 

19. Salibian AH, Anzel SH. Salvage of an infected total 
knee prosthesis with medial and lateral 
gastrocnemius muscle flaps. A case report. J Bone 
Joint Surg Am. 1983;65(5):681-684. 

20. McPherson EJ, Patzakis MJ, Gross JE, Holtom PD, 
Song M, Dorr LD. Infected total knee arthroplasty. 
Two-stage reimplantation with a gastrocnemius 
rotational flap. Clin Orthop Relat Res. 
1997;(341):73-81. 

Use of muscular flaps for the treatment of knee prosthetic joint infection: A systematic review

Orthopedic Reviews 7

https://doi.org/10.2147/jmdh.S140550
https://doi.org/10.2147/jmdh.S140550
https://doi.org/10.17392/1321-21
https://doi.org/10.2106/jbjs.G.01371
https://doi.org/10.1007/s11999-010-1577-0
https://doi.org/10.1007/s11999-010-1577-0
https://doi.org/10.1097/00006534-199911000-00012
https://doi.org/10.1097/00006534-199911000-00012
https://doi.org/10.4081/or.2020.8687
https://doi.org/10.4081/or.2020.8687
https://doi.org/10.1155/2016/9079041
https://doi.org/10.1155/2016/9079041
https://doi.org/10.4081/or.2020.8671
https://doi.org/10.4081/or.2020.8689
https://doi.org/10.4081/or.2020.8689
https://doi.org/10.4081/or.2020.8868
https://doi.org/10.4081/or.2020.8868
https://doi.org/10.1097/00006534-198901000-00016
https://doi.org/10.1097/00006534-198901000-00016
https://doi.org/10.3109/17453679108994459
https://doi.org/10.1016/0007-1226(94)90116-3
https://doi.org/10.1016/0007-1226(94)90116-3
https://doi.org/10.1016/j.arth.2003.08.004
https://doi.org/10.1016/j.arth.2003.08.004
https://doi.org/10.1007/s00264-014-2316-z
https://doi.org/10.1007/s00264-014-2316-z


21. Casanova D, Hulard O, Zalta R, Bardot J, Magalon 
G. Management of wounds of exposed or infected 
knee prostheses. Scand J Plast Reconstr Surg Hand 
Surg. 2001;35(1):71-77. doi:10.1080/02844310151032
637 

22. Boopalan PR, Daniel AJ, Chittaranjan SB. 
Managing skin necrosis and prosthesis subluxation 
after total knee arthroplasty. J Arthroplasty. 
2009;24(2):322.e23-7. doi:10.1016/j.arth.2008.03.001 

23. Whiteside LA, Nayfeh TA, LaZear R, Roy ME. 
Reinfected revised TKA resolves with an aggressive 
protocol and antibiotic infusion. Clin Orthop Relat 
Res. 2012;470(1):236-243. doi:10.1007/s11999-011-20
87-4 

24. Pozzobon LR, Helito CP, Guimarães TM, Gobbi RG, 
Pécora JR, Camanho GL. Rotation flaps for coverage 
after total knee arthroplasty. Acta Ortop Bras. 
2013;21(4):219-222. doi:10.1590/s1413-78522013000
400007 

25. Corten K, Struelens B, Evans B, Graham E, Bourne 
RB, MacDonald SJ. Gastrocnemius flap reconstruction 
of soft-tissue defects following infected total knee 
replacement. Bone Joint J. 2013;95-b(9):1217-1221. do
i:10.1302/0301-620x.95b9.31476 

26. Tetreault MW, Della Valle CJ, Bohl DD, Lodha SJ, 
Biswas D, Wysocki RW. What Factors Influence the 
Success of Medial Gastrocnemius Flaps in the 
Treatment of Infected TKAs? Clin Orthop Relat Res. 
2016;474(3):752-763. doi:10.1007/s11999-015-4624-z 

27. Huang K, Ren H, Ma G. One-staged surgical 
management of large-scale skin necrosis after total 
knee arthroplasty: a case report (CARE-compliant). 
Ann Transl Med. 2020;8(12):771. doi:10.21037/atm-2
0-4445 

28. Hierner R, Reynders-Frederix P, Bellemans J, 
Stuyck J, Peeters W. Free myocutaneous latissimus 
dorsi flap transfer in total knee arthroplasty. J Plast 
Reconstr Aesthet Surg. 2009;62(12):1692-1700. doi:1
0.1016/j.bjps.2008.07.038 

29. Ong SW, Gan LP, Chia DSY. The double muscle 
gastrocnemius-soleus flap in resurfacing large lower 
limb defects: Modifications and outcomes. J Orthop. 
2020;17:13-16. doi:10.1016/j.jor.2019.06.029 

30. Jung JA, Kim YW, Cheon YW. Reverse gracilis 
muscle flap: an alternative means of skin coverage for 
recurrent infection after TKA. Knee Surg Sports 
Traumatol Arthrosc. 2013;21(12):2779-2783. doi:10.10
07/s00167-012-2210-4 

31. De Mauro D, Rovere G, Smimmo A, et al. 
COVID-19 pandemic: management of patients 
affected by SARS-CoV-2 in Rome COVID Hospital 2 
Trauma Centre and safety of our surgical team. Int 
Orthop. 2020;44(12):2487-2491. doi:10.1007/s00264-0
20-04715-6 

32. El Ezzo O, Oliva MS, Cauteruccio M, et al. 
Innovations in prevention of infections in oncological 
megaprostheses: a narrative review. J Biol Regul 
Homeost Agents. 2020;34(4 Suppl. 3):275-278. 

33. Stramazzo L, Ratano S, Monachino F, Pavan D, 
Rovere G, Camarda L. Cement augmentation for 
trochanteric fracture in elderly: A systematic review. J 
Clin Orthop Trauma. 2021;15:65-70. doi:10.1016/j.jco
t.2020.10.034 

34. Ene R, Panti Z, Albu E, Ene P, Cirstoiu MM, 
Cirstoiu FC. Negative Pressure, a “Solution” in the 
Treatment of Infected Knee Prosthesis? Maedica 
(Bucur). 2015;10(1):5-9. 

35. Rovere G, Stramazzo L, Pavan D, et al. Isolated 
osteoblastoma of the cuboid bone: A case report and 
review of the literature. Foot (Edinb). 2020;45:101691. 
doi:10.1016/j.foot.2020.101691 

36. Bonetti MA, Rovere G, Fulchignoni C, et al. 
Autologous fat transplantation for the treatment of 
trapeziometacarpal joint osteoarthritis. Orthop Rev 
(Pavia). 2020;12(Suppl 1):8666. doi:10.4081/or.2020.8
666 

37. Economides JM, DeFazio MV, Golshani K, et al. 
Systematic Review and Comparative Meta-Analysis of 
Outcomes Following Pedicled Muscle versus 
Fasciocutaneous Flap Coverage for Complex 
Periprosthetic Wounds in Patients with Total Knee 
Arthroplasty. Arch Plast Surg. 2017;44(2):124-135. do
i:10.5999/aps.2017.44.2.124 

38. Amin NH, Speirs JN, Simmons MJ, Lermen OZ, 
Cushner FD, Scuderi GR. Total Knee Arthroplasty 
Wound Complication Treatment Algorithm: Current 
Soft Tissue Coverage Options. J Arthroplasty. 
2019;34(4):735-742. doi:10.1016/j.arth.2018.12.016 

39. Del Bravo V, Liuzza F, Perisano C, et al. Gluteal 
tumoral calcinosis. Hip Int. 2012;22(6):585-591. doi:1
0.5301/hip.2012.10347 

40. Basilico M, Vitiello R, Liuzza F, et al. Efficacy of 
postoperative drainage in total knee arthroplasty: 
review of the literature. Orthop Rev (Pavia). 
2020;12(Suppl 1):8663. doi:10.4081/or.2020.8663 

Use of muscular flaps for the treatment of knee prosthetic joint infection: A systematic review

Orthopedic Reviews 8

https://doi.org/10.1080/02844310151032637
https://doi.org/10.1080/02844310151032637
https://doi.org/10.1016/j.arth.2008.03.001
https://doi.org/10.1007/s11999-011-2087-4
https://doi.org/10.1007/s11999-011-2087-4
https://doi.org/10.1590/s1413-78522013000400007
https://doi.org/10.1590/s1413-78522013000400007
https://doi.org/10.1302/0301-620x.95b9.31476
https://doi.org/10.1302/0301-620x.95b9.31476
https://doi.org/10.1007/s11999-015-4624-z
https://doi.org/10.21037/atm-20-4445
https://doi.org/10.21037/atm-20-4445
https://doi.org/10.1016/j.bjps.2008.07.038
https://doi.org/10.1016/j.bjps.2008.07.038
https://doi.org/10.1016/j.jor.2019.06.029
https://doi.org/10.1007/s00167-012-2210-4
https://doi.org/10.1007/s00167-012-2210-4
https://doi.org/10.1007/s00264-020-04715-6
https://doi.org/10.1007/s00264-020-04715-6
https://doi.org/10.1016/j.jcot.2020.10.034
https://doi.org/10.1016/j.jcot.2020.10.034
https://doi.org/10.1016/j.foot.2020.101691
https://doi.org/10.4081/or.2020.8666
https://doi.org/10.4081/or.2020.8666
https://doi.org/10.5999/aps.2017.44.2.124
https://doi.org/10.5999/aps.2017.44.2.124
https://doi.org/10.1016/j.arth.2018.12.016
https://doi.org/10.5301/hip.2012.10347
https://doi.org/10.5301/hip.2012.10347
https://doi.org/10.4081/or.2020.8663


41. Warren SI, Murtaugh TS, Lakra A, et al. Treatment 
of Periprosthetic Knee Infection With Concurrent 
Rotational Muscle Flap Coverage Is Associated With 
High Failure Rates. J Arthroplasty. 
2018;33(10):3263-3267. doi:10.1016/j.arth.2018.05.02
1 

42. Schmidt AB, Fromberg G, Ruidisch MH. 
Applications of the pedicled vastus lateralis flap for 
patients with complicated pressure sores. Spinal Cord. 
1997;35(7):437-442. doi:10.1038/sj.sc.3100483 

43. Wang Y, Begue T, Masquelet AC. Anatomic study 
of the distally based vastus lateralis muscle flap. Plast 
Reconstr Surg. 1999;103(1):101-103. doi:10.1097/0000
6534-199901000-00017 

44. Swartz WM, Ramasastry SS, McGill JR, Noonan JD. 
Distally based vastus lateralis muscle flap for 
coverage of wounds about the knee. Plast Reconstr 
Surg. 1987;80(2):255-265. doi:10.1097/00006534-198
708000-00016 

45. Hyodo I, Nakayama B, Takahashi M, Toriyama K, 
Kamei Y, Torii S. The gastrocnemius with soleus bi-
muscle flap. Br J Plast Surg. 2004;57(1):77-82. doi:10.1
016/j.bjps.2003.10.008 

46. Pavan D, Morello F, Monachino F, Rovere G, 
Camarda L, Pitarresi G. Similar biomechanical 
properties of four tripled tendon graft models for ACL 
reconstruction. Arch Orthop Trauma Surg. Published 
online August 2, 2021. doi:10.1007/s00402-021-0403
0-8 

47. Cetrulo, C. L., Jr., Shiba T, Friel MT, et al. 
Management of exposed total knee prostheses with 
microvascular tissue transfer. Microsurgery. 
2008;28(8):617-622. doi:10.1002/micr.20578 

Use of muscular flaps for the treatment of knee prosthetic joint infection: A systematic review

Orthopedic Reviews 9

https://doi.org/10.1016/j.arth.2018.05.021
https://doi.org/10.1016/j.arth.2018.05.021
https://doi.org/10.1038/sj.sc.3100483
https://doi.org/10.1097/00006534-199901000-00017
https://doi.org/10.1097/00006534-199901000-00017
https://doi.org/10.1097/00006534-198708000-00016
https://doi.org/10.1097/00006534-198708000-00016
https://doi.org/10.1016/j.bjps.2003.10.008
https://doi.org/10.1016/j.bjps.2003.10.008
https://doi.org/10.1007/s00402-021-04030-8
https://doi.org/10.1007/s00402-021-04030-8
https://doi.org/10.1002/micr.20578

	Introduction
	Material and methods
	Study setting and design
	Inclusion and exclusion criteria
	Search strategy and study selection
	Data extraction and analysis

	Results
	Discussion
	Conclusion
	Contributions
	Conflict of interests
	Funding

	References

