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Fluoroscopically Assisted Radiographs Improve Sensitivity of
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a b s t r a c t

Background: Fluoroscopically assisted radiographs theoretically improve detection of total knee
arthroplasty (TKA) implant loosening by providing a better evaluation of the true implant interface, but
their utility has not been well studied. We sought to determine whether fluoroscopically guided
radiographs improve the sensitivity, specificity, and interobserver reliability of determining TKA implant
loosening compared to standard radiographs.
Methods: Standard anteroposterior and lateral and fluoroscopically assisted radiographs were
retrospectively obtained from 60 patients within 6 months before revision TKA. Thirty knees were
revised for aseptic loosening and 30 knees for other indications, most commonly instability. The
radiographs were randomized. Four reviewers independently determined whether each tibial and
femoral component was radiographically loose or stable. Intraoperative determination of implant
stability was utilized as the gold standard.
Results: Fluoroscopically guided radiographs had a significantly higher sensitivity for detecting tibial
component loosening compared to standard radiographs (85.3% vs 74.8%, P ¼ .02). Sensitivity in detecting
femoral component loosening was poor overall and not improved by fluoroscopic enhancement
compared to standard radiographs (58.8% vs 66.5%, P ¼ .33). Fluoroscopically guided radiographs did not
improve the specificity of detecting well-fixed implants in either tibial or femoral components nor affect
the mean interobserver reliability over standard radiographs (kappa ¼ 0.58 vs kappa ¼ 0.60, P ¼ .6).
Conclusion: Fluoroscopically assisted radiographs increased the sensitivity of detecting tibial component
loosening over standard radiographs, but this clinical significance is unclear. Fluoroscopically guided
radiographs may provide benefit in diagnosing aseptic loosening in select patients with painful TKAs.

© 2016 Elsevier Inc. All rights reserved.

Aseptic loosening is the most common indication for revision
total knee arthroplasty (TKA), accounting for up to 27% of revisions
in recent reports [1-7]. However, the diagnosis of aseptic loosening
in patients who present with a painful TKA can be challenging.
While there is evidence that bone scans and single-photon emis-
sion computerized tomography (SPECT) can assist in detecting

loosening of TKA components, these tests are expensive, require a
higher radiation dose to patients, and often are not readily available
in common practice [8,9]. Therefore, clinical history and plain
radiographs remain the mainstay of diagnosing aseptic loosening
[1-7]. Currently, there is no standard evaluation system or meth-
odology universally used to diagnose implant loosening preoper-
atively [10-13].

While there is no universally used radiographic evaluation
system to determine implant loosening, most evaluation systems
and surgeons in clinical practice focus on the presence and extent of
radiolucent lines at the bone-cement or cement-bone interface
[10-15]. There is evidence that fluoroscopically guided radiographs
can improve the detection of radiolucent lines on implant in-
terfaces by limiting the error involved with the technique of
obtaining standard radiographs and obtaining a more reliable,
magnified view of the true implant interface [14,15]. However, few
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studies have analyzed the impact of this improved implant inter-
face view and its clinical relevance in a surgeon's ability to detect
known stable or loose total knee implants compared to standard
radiographs.

The purpose of this study was to analyze the clinical utility of
fluoroscopically assisted radiographs compared to standard ante-
roposterior (AP) and lateral radiographs in the detection of loose
and stable tibial and femoral TKA implants using intraoperative
assessment of implant stability as a gold standard. We compared
surgeons' sensitivity for detecting loose implants, specificity of
detecting stable implants, and interobserver reliability between
standard radiographs and fluoroscopically assisted radiographs.

Methods

We obtained the records of patients undergoing revision TKA at
our institution from 2009 to 2014 after institutional board review
approval was obtained. There were several inclusion criteria. First,
all patients included had standing AP and lateral standard radio-
graphs as well as fluoroscopically assisted radiographs within 6
months before revision surgery. All patients also had a negative
infection evaluation with inflammatory markers and/or joint
aspiration preoperatively and negative intraoperative pathology
and/or culture results. Intraoperative determination of implant
fixation at the time of revision surgery was considered the gold
standard of implant stability. While therewas no standardization in
how each surgeon evaluated implant fixation intraoperatively, each
femoral and tibial component was individually manually tested by
the surgeon after removal of the polyethylene component. Implants
that were mobile at the implant interfaces with gross testing at

revision were considered loose while implants that had no motion
at the interfaces were considered well fixed. Patients with opera-
tive reports that did not specify implant fixation clearly were not
included in this study.

Thirty patients (30 TKAs) who underwent revision TKA for
aseptic loosening of either the tibial component or femoral
component, or both components were identified that met inclusion
criteria. Overall, therewere 22 loose tibial components and 17 loose
femoral components included in the study. Thirty patients (30
TKAs) who underwent revision TKA for other indications in order to
obtain radiographic controls were also identified. Nineteen of these
patients (63.3%) were revised for flexion instability, 5 patients for
arthrofibrosis (16.7%), 3 patients (10%) for component malposition
causing patellar maltracking, and 3 patients (10%) for global
instability. All of these patients had well-fixed tibial and femoral
components at the time of surgery. Twenty-seven patients (45%)
had cruciate-retaining implants while 33 patients (55%) had
posterior-stabilized (PS) knees. Thirteen of 17 (76%) of the loose
femoral components were PS designs. All components were
cemented.

Many surgeons at our institution routinely obtain fluoroscopi-
cally assisted radiographs in addition to standard AP and lateral
radiographs simultaneously for the evaluation of a painful TKA
rather than on a selective basis. Patients are scheduled for
30 minutes to complete the imaging instead of 15 minutes for
standard radiographs. The radiology technicians use a fluoroscopy
machine and standard radiography equipment to obtain this
5-view fluoroscopically guided radiograph. The images are
noneweight bearing views. First, the radiology technician positions
the patient's knee to obtain a fluoroscopic image with the goal of a

Fig. 1. This image is an example of a fluoroscopically guided radiograph of a tibial knee component. Four of the 5 standard views (excluding the patella) are shown. The top left is the
AP; the top right is the lateral of the femoral component; the bottom 2 are laterals of the tibial component in 15� and maximal flexion. The views are magnified and obtained on 4 to
1 collimation.
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