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INTRODUCTION

As treatment options for osteochondral defects and earlier intervention for osteoarthritis become more readily available,
the need for a less invasive diagnostic tool has increased. The combination of plain radiographs and clinical correlation
remain the current mainstays of evaluating osteoarthritis severity. It 1s not uncommon for arthroscopy to be used for
additional diagnostic evaluation because of the potential for associated therapeutic effects including debridement,
microfracture, synovectomy, and osteochondral implants. Previous studies have shown that experience can contribute to
both the accuracy and reproducibility of the arthroscopic Outerbridge articular grading system, but the classification i1s
highly subjective and inexact. The addition of MR 1maging to patient evaluation has shown significant promise as an
augmentation to the understanding of articular injury, but correlations between MR results and arthroscopic grading are not
fully defined.

The goal of this study was to assess consistency of knee osteoarthritis grading procedures between observers using
arthroscopy and those using MR 1mages, and to test for accuracy by comparing results to observations following arthrotomy.

FIGURE 1: Examples of the same knee’s articular surface as visualized by MR imaging,
arthroscopy, and arthrotomy.

MATERIALS AND METHODS

« Seven human cadaveric knees from five subjects ( 2 males/3 females, average age 80) were transversely sectioned mid femur
and mid tibia/fibula. The skin and subcutaneous tissues were then removed and the knees were stored frozen.

 The knees were allowed to thaw for 36 hours before they underwent MR 1maging.

MAGNETIC RESONANCE IMAGING

* The knees were slightly flexed and 1maged using a four element phased array surface coil.
 Four MR sagittal image sequences were obtained:
1. 3D gradient recall echo (GRE), no fat suppression (TR:29.0, TE: 15.0, flip angle: 40° , slice thickness 1.5mm)
2. 3D gradient recall echo with fat suppression (TR: 47.0, TE: 15.0, flip angle: 40° , slice thickness 1.5mn{)
3. 3D spoiled gradient recall (SPGR) with fat suppression (TR: 39.0, TE: 7.0, flip angle: 20" , slice thickness 1.5mm)
4. Dual echo fast spin echo with fat suppression (TR: 4000, TE: 14.2/85.1, flip angle: 90° |, slice thickness 2mm)

* All sequences used a 256 x 256 matrix with a 12 cm field of view, resulting in an m-plane resolution of 0.469 mm/pixel

ARTHROSCOPY
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 Following imaging, a standard diagnostic arthroscopy was performed on each knee and videotaped.

* The knees were scoped in the same sequence with a 30° arthroscope and a 5 mm arthroscopic probe used to characterize size
of defects and to assess cartilage surfaces.

ARTHROTOMY

TABLE 1: Weighted Kappa statistics for comparison between surgeons (OS), radiologists (R)

 An arthrotomy was performed on each knee to separate tibia, femur, patella and menisci. and observations on arthrotomy

* Photographs of the articular surfaces were obtained and caliper measurements of any defects were recorded.

OS-1 OS-2 0S-3 R-1 R-2 R-3
GRADING
« C(Cartilage surfaces were graded using the Outerbridge scoring system, with scores 0-1V assigned to the following regions: Arthrotomy |0.77 0-75 0.78 041 0.54 0.69
patella, femoral trochlea, medial tibia, lateral tibia, medial femoral condyle, and lateral femoral condyle. OS-1 0.85 0.87 0.50 0.63 0.56
« Comparisons between operators were based on the worst scores recorded for each region OS-2 0.82 0.54 0.55 0.52
* The arthroscopy video was independently viewed and scored by a fellowship trained sports medicine orthopaedic surgeon and O0S-3 0.53 0.64 0.63
two orthopaedic residents (PGY 5 and PGY 3).
R-1 0.43 0.54
« MR 1mages were scored by three musculoskeletal radiologists, none of whom had used the Outerbridge scoring system in the
past. R-2 0.41
 None of the observers had access to the arthrotomy information prior to grading. R-3
STATISTICAL ANALYSIS
DISCUSSION

A weighted kappa statistical analysis was used to test for reproducibility and agreement between observers, between

techniques, and for accuracy by comparison to the arthrotomy as the gold standard. * The Outerbridge chondromalacia classification system, originally used to evaluate patellar chondromalacia 1s the most
frequently used clinical grading system for orthopaedists. Surgeons are taught this system early in training and use 1t
throughout their careers with arthroscopy. However, this system 1s not perfect due to observer subjectivity and has been
shown to not have good intraobserver and interobserver reliability.

*  Weighting factors of (r1-r2)? were applied to disagreements between ratings (r).

A weighted kappa value of less than 0.00 indicates poor agreement, a value of 0.00 to 0.20 indicates slight agreement, a value
of 0.21 to 0.40 indicates fair agreement, a value of 0.41 to 0.60 indicates moderate agreement, a value of 0.61 to 0.80 indicates
substantial agreement, a value of 0.81 to less than 1.00 indicates excellent agreement, and a value of 1.00 indicates perfect
agreement

We found arthroscopy to have excellent reproducibility and very good accuracy when compared to open arthrotomy, even
with different experience levels. Reproducibility may have been influenced by the use of a consistent video tape by all
observers. The observed differences were most common in grades for moderate chondromalacia resulting 1n scores of 1I or
I1I, 1n other words, those defects which are not at the extremes of normal or pathologic.

RESvULTS

= Radiologists also evaluate the severity of chondromalacia within joints. Plain radiographs show loss of joints space,
osteophytes, subchondral cysts and sclerosis but these signs do not readily correlate to a specific Outerbridge grade. MR
1maging 1s advantageous because 1t allows visualization of articular cartilage thickness, subchondral changes and
measurement of defects, including those that may difficult to assess by arthroscopy.

*The knees exhibited wide ranges of articular defects, with numerous osteochondral lesions, diffuse thinning of cartilage, surface
fibrillation, regions of denuded bone, subchondral bone cysts, and osteophytes. However, there were areas of intact cartilage

without signs of chondromalacia (Figure 1).

Since the Outerbridge system 1s not frequently used by radiologists, 1t was not surprising that reproducibility scores were
lower for the grading of MR 1mages. In particular, signal changes corresponding to fibrillation of the articular cartilage are
not yet fully understood.

*Based on comparisons to arthrotomy, the arthroscopic procedure was more accurate than MR 1mage analysis, with the average .
weighted kappa ( k¥ ) coefficients of 0.77 vs 0.55, respectively. In addition, the arthroscopy grading showed excellent
reproducibility ( ¥ = 0.85)

MR 1mage analysis showed good agreement with k = (0.46 = Supplementing this subjective scoring system with more quantitative and semi-automated assessments of cartilage thickness,
volume, and surface area would be beneficial to fully characterize chondromalacia in a non-invasive manner. In addition,
studies which allow radiologists to compare MR findings to histological based evidence of chondromalacia will provide
needed validation of these advanced techniques. These findings have direct clinical relevance with regards to non-invasive
assessment follow-up of cartilage treatment and decisions on whether to proceed with unicompartmental joint arthroplasty.

«Comparisons between radiologists and arthroscopy resulted in an average kappa coefficient of 0.56 (Table 1).
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