
The Role of Flap Coverage in the Management of Deep Periprosthetic
Joint Infection after Elbow Arthroplasty

Figure 2

Frequency of flap surgery by total number of surgeries. Percentages represent the 
proportion of individuals who required flap surgery within each subgroup. Number of 
surgeries for the “Flap Required” group included only those surgeries performed before 
flap coverage. Number of surgeries for the “No Flap Required” group included all 
surgeries performed on the elbow.

Table 1: Surgical Outcomes
 Hardware and cement removal that occur as part of infection treatment 

results in appreciable damage to the underlying bony skeleton. Such 
damage is often poorly tolerated and associated with unfavorable operative 
results.

 In those patients who undergo infection treatment using a retention protocol 
and avoid TEA explantation, there exists a significant risk of future wound 
breakdown and repeat infection due to the multiple surgical procedures 
necessary to clear the initial infection.

 The likelihood that a patient required flap reconstruction increased as the 
total number of elbow surgeries performed also increased. 

 All patients who underwent 12 or more surgeries (20%) required 
flap coverage. Fifty percent of patients underwent at least 8 
operations.

 As the popularity of the salvage protocol continues to increase, the 
average number of elbow surgeries performed for treatment of TEA 
infections will also likely increase.

 Patients who approach the 12-operation threshold by the time they require 
surgery to manage a PJI might benefit from receiving prophylactic flap 
coverage at the time of implant resection.

 Individuals who received flaps tended to have more complicated infections 
and would presumably have required additional post-infection operations. Yet, 
the difference in reoperation rate was not statistically significant between the 
two groups. Additionally, when comparing the flap and non-flap groups, 
reinfection rates and rates of resection arthroplasty were also similar. 

 Tissue transfer may enable patients with more complex infections 
and lengthier surgical histories to enjoy outcomes comparable to 
individuals with less complicated infections.
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 Demonstrate that total elbow arthroplasty (TEA) represents an 
increasingly prevalent treatment option for arthritic or traumatically injured 
elbow joints and that TEA infections occur at a greater frequency when 
compared with other types of total joint replacement.1

 Illustrate how traditional management of periprosthetic joint infection (PJI) 
requires debridement, implant removal, and one- or two-stage 
reimplantation, but that hardware resection often results in significant 
injury to bony skeleton.

 Review salvage pathways in which only the polyethylene bushings and 
loose implant components are exchanged during infection, including how 
salvage pathways often require a greater number of total surgical 
interventions.2

 Convey how each additional intervention threatens the integrity of 
an already tenuous soft tissue envelope. 

 Propose that vascularized tissue transfer may decrease complications 
associated with treatment of infected TEAs by providing reliable coverage 
of the patient’s joint and hardware.

 Discuss how covering the hardware with a healthy, well 
vascularized flap decreases the risk of wound dehiscence, skin 
breakdown, subsequent infection, and resection arthroplasty.

Objectives
 Two patients in the flap group (14%) and 3 patients in the non-flap group 

(19%) underwent single-stage bushing removal and reimplantation. Four of 
these 5 patients were found to have well-seated implants intraoperatively 
and retained functional TEAs without evidence of infection at final follow up; 
1 of the 5 patients underwent soft tissue coverage, suffered reinfection, and 
required resection arthroplasty

 Two patients in the flap group (14%) and 3 patients in the non-flap group 
(19%) underwent surgical debridement and immediate antibiotic 
suppression without resection of any TEA components. Severe medical 
comorbidities, elevated risk for poor operative outcomes (especially in 
patients functionally dependent on the operated elbow), and noncompliance 
precluded more invasive intervention in these patients. None of these 
patients underwent additional surgeries, experienced repeat infection, or 
required resection arthroplasty. 

 Eleven flaps were pedicled radial forearm flaps, 1 was a pedicled latissimus 
dorsi flap, and 2 were free flaps (anterolateral thigh flaps).3

 Sixty three percent of patients who had multiple deep PJIs of their TEA 
ultimately required flap coverage.

 Greater than ¾ of flap patients sustained prior trauma to the elbow 
compared with less than ½ of patients in the non-flap group (p = 0.07).

 A majority of patients in the flap group had undergone at least 1 TEA 
revision prior to infection (64%), whereas only 25% of patients in the non-
flap group had prior TEA revisions (p = 0.06).

 Six patients presented with hardware exposure and underwent immediate 
flap coverage. Median duration of hardware exposure prior to flap coverage 
was 15.5 days (range = 0 to 30 days). One required complete hardware 
resection. One underwent partial hardware resection and had a functional 
prosthesis following relinking and antibiotic suppression. Four patients 
underwent the salvage protocol; 2 of these patients retained their hardware 
without reinfection, 1 experienced reinfection requiring hardware resection 
and reimplantation, and 1 experienced reinfection due to skin breakdown at 
a remote site that lead to ultimate resection arthroplasty.

 Patients who received soft tissue transfer underwent a greater number of 
elbow surgeries prior to their infection treatment than did those who did not 
receive tissue transfer (median 5.5 surgeries vs. 2 surgeries, p = 0.04). The 
total number of elbow surgeries was also greater among those who needed 
tissue transfer (11.5 surgeries vs. 5.5 surgeries, p < 0.01).

 Reinfection rates (21% vs. 25%) and rates of ultimate resection arthroplasty 
(29% vs. 25%) were similar between the flap and non-flap groups. 

 When 6 or fewer surgeries were performed on the elbow, the majority of 
patients did not require additional soft tissue coverage. However, after 7 or 
more surgeries, nearly half of all patients depended upon autologous tissue 
transfer to cover their prosthesis. More than 70% of patients who 
underwent 10 or more elbow operations required a flap. Four patients 
underwent greater than 12 surgeries and all required flap coverage as part 
of their infection treatment. 

 At most recent follow-up, 5 of the 8 of the elbows in both groups had a well-
functioning retained prosthesis.
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Methods
 All patients who received treatment for periprosthetic TEA infection 

between January 1, 2010 and November 21, 2016 were identified.

 Inclusion criteria were diagnosis and treatment of deep TEA infection at the 
authors’ institution and 2-year follow-up.

 Patients were stratified into those who did and did not receive autologous 
soft tissue coverage of their elbow as part of their infection treatment.

 Treatment depended upon implant stability at the time of infection:

 Loose implant components were surgically removed with intent to 
reimplant a new arthroplasty after the infection was considered to 
be resolved; this is defined as a two-stage reimplantation.

 Patients with stable implants followed either a similar two-stage 
implantation pathway or an arthroplasty salvage pathway. The 
salvage pathway included a combination of initial irrigation and 
debridement (I&D), polyethylene bushing removal, implantation of 
antibiotic-impregnated beads or cement, intravenous antibiotic 
therapy, delayed arthroplasty relinking, and chronic oral 
suppressive antibiotic therapy.

 Indications for flap coverage included nonhealing wounds, exposed 
hardware, visible bone or joint, inability to close the surgical site primarily, 
or tenuous soft tissue envelope with substantial risk of not healing.

 Thirty patients (30 elbows) met inclusion criteria. Fourteen of these patients 
required flap coverage.

 Staphylococcus epidermidis was the most commonly identified pathogen, 
followed by methicillin sensitive Staphylococcus aureus. 

 Patients who ultimately required flap coverage demonstrated a 
greater number of polymicrobial infections (79% vs. 38%, p = 
0.03)

 Two-stage explantation and reimplantation of all hardware components was 
the most common treatment pathway in both groups (6 patients in the flap 
group [43%] and 8 patients in the non-flap group [50%]). 

 A salvage pathway was pursued in 6 patients in the flap group (43%) and 5 
patients in the non-flap group (31%). 

Results

Timing of flap coverage. Timing to flap coverage following index TEA (a) and 
infection diagnosis (b) among patients who ultimately required flap coverage.

Requiring tissue 

transfer

Not requiring 

tissue transfer

p value

Attempted implant salvage, n (%)

Original hardware salvaged, n (%)*

8 (57)

5 (63)

8 (50)

5 (31)

0.73

1.00

Elbow surgeries, median (range)

Prior to infection treatment

As part of infection treatment†

After infection treatment and flap

5.5 (1 to 21)

3 (1 to 8)

1 (0 to 7)

2 (1 to 7)

2 (1 to 6)

0 (0 to 5)

0.04

0.25

0.12

Total elbow surgeries, median (range) 11.5 (7 to 27) 5.5 (2 to 12) <0.01

Reinfection, n (%) 3 (21) 4 (25) 1.00

Ultimate resection arthroplasty, n (%) 4 (29) 4 (25) 1.00

*Among implants treated with salvage protocol. †Does not include flap-related 
surgeries.
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