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Abstract Total knee arthroplasty performed after tibial

plateau fracture has a known high rate of complications. We

hypothesized TKAs performed after infected tibial plateau

fractures would have an even higher complication rate when

compared with noninfected tibial plateau fractures. In a

matched case-control study, we retrospectively reviewed 19

patients who underwent primary TKAs after infected tibial

plateau fractures between 1971 and 2005. The mean time

from the most recent infection to arthroplasty was 5.6 years.

The minimum clinical followup after TKA was 2 years

(mean, 6.4 years; range, 2–15.1 years). Case patients were

matched for age, gender, and arthroplasty year with

19 control subjects who underwent TKAs for tibial plateau

fractures with no history of infections. After surgery, the

Knee Society scores for the study group improved from 45 to

63 for pain and from 37 to 63 for function. Ten case patients

(53%) sustained complications, including surgery for wound

breakdown (three), manipulation (one), aseptic loosening

(two), definitive resection arthroplasty (two), and above-

knee amputation (two). Recurrent infections occurred in five

patients (26%) at a mean of 1.1 years. Previously infected

knees were 4.1 times more likely to require additional pro-

cedures compared with knees with no previous infection.

Level of Evidence: Level III, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Posttraumatic arthritis from a previous tibial plateau frac-

ture is an indication for TKA. Published reports show a

high rate of complications in patients with previous tibial

plateau fractures treated with TKA, including deep infec-

tions, wound breakdown, extensor mechanism disruption,

aseptic loosening, and postoperative stiffness [8, 11, 12].

The etiology of these poor outcomes is likely multifactorial

and includes younger patient age, bony deficiency, soft

tissue compromise, posttraumatic stiffness, and previous

occult infection.

In the initial treatment of tibial plateau fractures,

infection is a devastating yet common complication. From

6% to 28% of operatively treated tibial plateau fractures

reportedly have infection develop [10, 13]. However, there

has been no published discussion regarding the outcomes

of patients with infected tibial plateau fractures who sub-

sequently require TKA as a result of posttraumatic arthritis.

We hypothesized patients with previous infections would

have more postoperative complications and more recurrent

infections, shorter joint survival time, and poorer Knee

Society scores compared with control subjects with previous

tibial plateau fractures but no history of infections.

Materials and Methods

For a retrospective matched case-control study, we

searched our institutional computerized database to identify
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all patients with a history of an infected tibial plateau

fracture who underwent primary TKA between January 1,

1971, and December 31, 2005. During the study period,

26,077 primary TKAs were performed at our institution.

We included all patients with a history of tibial plateau

fracture and subsequent treatment complicated by deep

infection. All primary TKAs were performed at a large

referral center, but initial treatment of the fracture often

was performed at an outside facility. We excluded patients

with extraarticular fracture patterns or fractures compli-

cated only by superficial infection. Nineteen patients

(19 knees) met our study criteria. During the study period,

447 patients with the previous diagnosis of tibial fracture

(any type) with no history of infection underwent primary

TKA. From this population, we selected control subjects

who had a previous tibial plateau fracture and matched

them with the 19 case patients by age, gender, and year of

TKA. The mean age at the time of TKA was 58 years

(range, 28–75 years) (Table 1). The mean body mass index

was 32.1 kg/m2 (range, 20.5–40.3 kg/m2). Ten patients

were female and nine were male. The mean time from initial

injury to TKA was 6.5 years (range, 6 months–40 years).

The mean time from the most recent infection to TKA was

5.6 years (range, 2 months–39 years). In five patients, there

was less than 1 year from the time of the most recent

infection until TKA. Several patients had medical comor-

bidities, including diabetes mellitus (three), peripheral

vascular disease (one), and chronic skin dermatitis (one).

Demographics between the control and case groups were

similar (Table 1). The minimum followup after TKA was

2 years (mean, 6.4 years; range, 2–15.1 years). We

obtained Institutional Review Board approval before initi-

ation of the study.

Three fractures were open, and the remainder were

closed (Table 2). We graded all fractures using the clas-

sification of Gustilo and Anderson [3]. One open fracture

was a Gustilo and Anderson Grade IIIB, one was Grade

IIIC, and one was of unknown grade. Two of the patients

with open injuries required medial gastrocnemius flaps for

wound closure at the time of injury. One other patient with

a closed injury required a medial gastrocnemius flap for

coverage after open reduction, and internal fixation was

complicated by deep infection.

Fracture patterns were assessed using the classification

of Schatzker et al. [9]. Cases included four Grade II frac-

tures, three Grade IV fractures, and three Grade VI

fractures. In the remainder of the knees, the fracture pattern

was unknown, because injury radiographs were not avail-

able for review.

Three fractures were treated nonoperatively with closed

reduction and the remainder were treated with open

reduction and internal fixation. In the nonoperative cases,

infections developed from skin breakdown resulting from

cast complications, whereas in the remaining cases, infec-

tions developed after operative fixation of the fracture.

An organism was isolated in 11 of the 19 patients at the

time of the initial infection, including Staphylococcus ep-

idermidis in five patients and Staphylococcus aureus in two

patients (one methicillin-resistant and one with sensitivities

unknown). There additionally was one case each of Bacilli

species, Streptococcus pyogenes, Peptostreptococcus, and

Propionibacterium. Several patients presented with mixed

flora, including Escherichia coli, Streptococcus viridans,

and Alternaria from an open fracture. All patients with

positive culture specimens were treated with intravenous

antibiotics, except for the patient with culture specimens

positive for Propionibacterium, which was considered a

contaminant.

All patients were evaluated clinically for the presence of

active infection before TKA (Table 3). All hardware from

fracture fixation was removed during a separate procedure

before TKA. In 14 patients, various methods were used to

exclude infection before TKA, including inflammatory

markers (nine patients), intraoperative pathology report

(nine), preoperative bone scans or indium-labeled leuko-

cyte scans (five), and preoperative culture results (five).

Two patients had positive infection screenings and were

treated with a two-stage procedure. The remaining five

patients underwent TKAs in the 1970s and 1980s and had

inadequate preoperative infection screening. Infection was

excluded in these patients based only on clinical exami-

nation findings. We considered our final results with and

without this cohort.

Six patients (six knees) with a recent history of infection

were treated with two-stage TKA. The first procedure

entailed cultures, débridement of the knee, bone cuts, and

placement of an antibiotic-impregnated cement spacer.

Total knee implants were placed at the second procedure,

typically after a course of intravenous antibiotics if culture

results were positive. The mean time between the staged

procedures was 61 days (range, 6–134 days). Of the six

patients (six knees) treated with two-stage TKAs, three had

Table 1. Demographic comparison of case patients and control

subjects

Variable Case patients Control subjects

Number of patients 19 19

Mean age at TKA (years) 58 (28–75) 58 (29–75)

Gender (male/female) 9/10 9/10

Nonoperative treatment 3 3

Two-stage TKA 5 0

Antibiotics in cemented TKA 13 9

Time to followup after

TKA (years)

6.4 8.3
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no growth from culture specimens taken at the time of

resection arthroplasty. Two of the three underwent primary

TKAs once 5-day culture results were available. The third

patient was treated prophylactically with oral cephalexin

for 1 month. The remaining three patients had positive

cultures at the time of débridement. Culture specimen of

one patient grew Propionibacterium, as noted previously,

and this patient was treated with 4 weeks of oral cepha-

lexin as a precaution. Culture specimens from two patients

grew methicillin-resistant S. aureus or S. epidermidis and

these patients were treated with a 6-week course of intra-

venous vancomycin before implant placement.

The 13 patients scheduled for one-stage TKA consented

preoperatively to abort the TKA should gross infection be

encountered during surgery. All 13 patients underwent

TKAs as planned. Intraoperative culture specimens were

obtained during primary TKAs in nine patients, all of

which revealed no growth. In nine cases, intraoperative

specimens were sent to pathology and no acute inflam-

mation was found.

Four of the five patients were treated with two-stage

TKAs with placement of an antibiotic spacer as outlined

previously. In one case, the patient underwent hardware

removal, débridement, and intravenous antibiotic therapy

3 months before TKA, although bone cuts were not per-

formed and antibiotic spacers were not placed. Three

patients had tibial stems only, five patients had femoral and

tibial stems, and two patients had tibial augments.

Antibiotic-impregnated cement was used in the majority

of patients at the time of TKA (11 patients). After 1988,

antibiotic-impregnated cement was used in all cases for

implant fixation, with one exception because of surgeon

preference (Patient 10).

We retrospectively reviewed charts for demographic

data. Date of initial injury, type of treatment, documenta-

tion of prior infection, and causative organism were noted.

We reviewed preoperative and followup radiographs. Pre-

operative and postoperative pain, function, range of

motion, and knee stability were recorded. We calculated

scores for pain and function using the Knee Society scoring

system for all case patients and control subjects before

TKA and at the latest followup [5]. One patient in the study

group died from independent causes before 2-year outcome

scores could be collected, and one patient in the control

group was lost to followup 1.1 years postoperatively.

These patients were removed from the analysis of Knee

Society scores.

We used matched-pairs analysis to compare preopera-

tive and postoperative Knee Society scores. Student’s two-

tailed t test was used to assess results between case patients

and control subjects. We performed a Cox proportional-

hazard regression analysis to compare the case patients and

Table 3. Summary of preoperative screening for infection

Patient Year of

TKA

Preoperative

blood tests

Preoperative

indium scan

Preoperative

aspiration

Cultures at first

of two-stage TKA

Intraoperative

cultures at TKA

Intraoperative

pathology

1 1971 No growth

2 1973 NA

3 1973 NA

4 1981 NA

5 1983 NA

6 1989 Negative No growth

7 1992 Negative No growth NA

8 1993 Negative No growth WNL

9 1996 WNL Negative No growth WNL

10 1997 No growth NA

11 1998 NA WNL

12 2000 WNL Negative NA

13 2001 WNL No growth NA WNL

14 2001 WNL No growth (cephalexin) No growth WNL

15 2002 WNL No growth

16 2004 WNL No growth. NA WNL

17 2005 WNL Yes, MRSA (vancomycin) No growth WNL

18 2005 WNL Yes, MRSE No growth (vancomycin) No growth WNL

19 2005 WNL Prop (cephalexin) No growth WNL

WNL = within normal limits; MRSE = methicillin-resistant Staphylococcus epidermidis; MRSA = methicillin-resistant Staphylococcus aur-

eus; Prop = Propionibacterium; NA = not available.
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control subjects and to generate a hazard ratio. A Kaplan-

Meier analysis was used to assess time to joint failure and

time to recurrent infection, and a log rank test was used to

compare results between the case and control groups.

Results

Previously infected knees were 4.1 times more likely

(p = 0.02) to require additional procedures for complica-

tions compared with knees with no previous infection (95%

confidence interval, 1.2–18.3). The case group experienced

numerous complications after TKA (Table 2). Nine

patients have had no recurrent infection and no additional

surgery since the time of TKA. Eight of these nine patients

had antibiotics placed in the cement at the time of TKA,

and four of the nine underwent two-stage primary TKA.

Thus, four of the six patients undergoing two-stage TKA

had no additional evidence of infection at the most recent

followup. Ten patients had complications after TKA,

including five aseptic complications and five recurrent

infections. Excluding the five patients with inadequate

preoperative infection screening by current standards, only

six of the 14 patients (43%) had complications develop

after TKA, including five recurrent infections and one case

of aseptic loosening. In contrast, the control group did quite

well after TKA after noninfected tibial plateau fractures.

Three of the 19 patients required manipulation after TKA.

At a mean of 8.3 years since primary TKA, no patients

required revision surgery or had an infection develop.

Five-year implant survival for all causes was greater

(p = 0.003) in the control group than in the case group

(100% versus 84% ± 9%, respectively) (Fig. 1). The

5-year infection-free survival was 73% ± 10% in the case

group compared with 100% in the control group

(p = 0.023). An analysis of failures by decade reveals

lower rates of recurrent infection in recent decades (Fig. 2).

Knee Society pain score improvement was greater

(p = 0.002) in the control group than in the case group,

but the change in the functional score between the two

groups was similar (Fig. 3). Knee Society scores improved

in the study patients from 45 to 63 for pain (p = 0.001)
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Fig. 1A–B Kaplan-Meier survival curves show survival of the (A)

implant overall and (B) infection-free survival in the case group. The

gray lines indicate 95% confidence intervals.
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and from 37 to 63 for function (p \ 0.0001). In the con-

trol group, Knee Society scores improved from 44 to 84

for pain (p \ 0.0001) and from 43 to 66 for function

(p = 0.008).

Discussion

TKA performed after tibial plateau fracture has a known

high rate of complications although the specific fate of

patients with TKAs with previously infected tibial plateau

fractures is less clear. Thus, we aimed to describe and con-

trast the complications and outcomes in this patient

population compared with matched control subjects with

previous tibial plateau fractures but no history of infections.

The limitations of this study include a small number of

patients in the case and control groups. Given the limited

numbers of patients, we could control only for age of patient,

date of TKA, and gender and, therefore, were unable to

control for medical comorbidities. Additionally, this is a

retrospective study with limited patient followup. One

patient was lost to followup in each of the control and case

groups. TKA after an infected tibial plateau fracture is rare.

Practitioners and patients should be aware of the associated

high complication rate and compromised outcomes.

Compared with matched control subjects, patients in our

series with a previous infected tibial plateau fracture were

four times more likely to have a complication requiring

additional surgery. In addition, patients with a previous

infection had more postoperative complications, more

recurrent infections, and shorter joint survival time. The

Knee Society function score was similar in both groups.

However, Knee Society pain scores in the case group

lagged behind those of the control subjects.

It has been established that patients with previous tibial

plateau fractures undergoing TKAs have high complication

rates. In one series of 15 TKAs performed after tibial

plateau fractures, three patients had deep infections

develop, two patients experienced patellar tendon ruptures,

and three patients required manipulation under anesthesia

for stiffness [8]. From a report of 62 patients, 26% had

complications, including superficial infection/wound

breakdown (five), deep infection (two), component revision

(five), manipulation (five), and extensor mechanism dis-

ruption (five) [12].

Despite careful efforts to eliminate infection, we found a

very high rate of complications after TKA in patients with

a history of an infected tibial plateau fracture. Two-stage

exchange for treatment of an infected joint arthroplasty has

been described [1, 2], and one study showed the usefulness

of antibiotic-impregnated cement in primary TKA after

joint sepsis [6]. In our small series, however, antibiotic-

impregnated cement or two-stage TKA did not

demonstrably reduce recurrent infection perhaps owing to

inadequate power. Until additional data are available, we

continue to use antibiotic-impregnated cement in all TKAs

after tibial plateau fractures. In patients at high-risk with

less than 1 year since active evidence of infection, we

perform two-stage TKA with antibiotic therapy and a 4- to

6-week delay between procedures.

We also noted a high rate of amputations and resection

arthroplasties in this patient population (21%). As a result

of considerable bone loss from the initial traumatic insult,

patients undergoing primary TKA for posttraumatic

arthritis often require augments or stemmed implants and

may have greater bone loss at presentation compared with

patients with osteoarthritis [12]. In the case of a recurrent

infection, preexisting bone loss may limit the ability to

perform successful two-stage resection arthroplasty, bony

débridement, and reimplantation. Furthermore, with sub-

stantial bone loss, patients no longer may be candidates for

fusion. The only knee arthrodesis attempted in our series

failed owing to recurrent infection. Bone loss in conjunc-

tion with persistent infection threatens future attempts at

limb salvage and may necessitate amputation.

When patients with inadequate preoperative infection

screening are removed from our cohort, the complication

rate decreases from 53% to 43%. Again, our cohort size is

too small to show statistically significant benefit from these

screening techniques. Given the high risk of recurrent

infections in this patient population, however, our center

has instituted careful preoperative screening before implant

placement in patients with a history of infection. This

includes knee aspiration using a sterile technique, mea-

surement of inflammatory indices (C-reactive protein and

erythrocyte sedimentation rate), and, in some cases,

indium-labeled leukocyte scans. When any of the above

studies shows evidence of ongoing infection, two-stage

primary TKA is performed with the alternative of delaying

TKA until infection indices normalize and/or greater than

1 year after known infection.

Our data highlight the importance of avoiding infection

at the time of primary fracture treatment. Appropriate

staging of the procedures and careful intraoperative han-

dling of the tissues should be done to minimize the risk of

infection. Newer locking implants that require less strip-

ping of the soft tissues may result in lower infection rates;

however, early studies still suggest high complication rates

[4, 7]. To reduce infection risks, nonoperative treatment

can be considered in elderly patients with stable fracture

patterns, with delayed TKA if the patient is symptomatic

after fracture healing.

We found a high rate of complications after TKA after

an infected tibial plateau fracture. The surgeon and patient

should be prepared for a high risk of recurrent infection and

lower pain scores compared with patients with no history
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of infection. Preoperative screening, antibiotic-impreg-

nated cement, and, in certain cases, two-stage primary

TKA are promising tools to decrease the risk of recurrent

infection, although further research is needed to elucidate

the value of these added precautions.
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