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Abstract
Background

When diagnosed early, degenerative cartilage lesions are reversible if the appropriate therapeutical
measures are applied. Currently available diagnostic methods (radiography, MRI and arthroscopic
examination) do not provide the accuracy needed in the early diagnosis of these lesions.

Methods

The aim of the study is to analyse, in an ex vivo study on osteochondral fragments taken from patients
undergoing total knee arthroplasty, weather the OCT technique is effective in detecting these lesions. The
results will be compared to the preoperative MRI images (especially T2 mapping technique).

Results

The percentage of the agreement between the two reviewers was 89% (8 out of 9 cases) during the OCT
examination process.

Conclusion

OCT is a new technique potentially useful in the diagnosis of cartilage lesions. The possibility of
performing it through minimally invasive techniques currently (arthroscopic surgery) further increases the
value of this technique. OCT is a non-destructive diagnosing technique in degenerative cartilage lesions
whose e�ciency is comparable to MRI T2 technique and superior to conventional MRI.

Background
Osteoarthritis is a joint morbidity with high incidence in the general population which affects especially
the older patients. This condition involves both cartilage, ligaments, menisci, synovial membrane and the
articular bone structures. However, the basic lesion is represented by cartilage degeneration.

Current treatment options in advanced stages like total knee arthroplasty are unable to provide solutions
to preserve cartilage and also have limited reliability over time.

Early diagnosis of articular cartilage lesions is extremely important in order to avoid progression to
advanced stages of osteoarthritis. An early diagnosis of these lesions should avoid the irreversible
changes in the cartilage matrix and would facilitate the application of effective therapeutic measures for
the preservation of the articular surfaces.

The radiological examination is the classical imaging diagnostic procedure used for detecting the
osteoarthritic changes. Performed in two standard views (postero-anterior and lateral) this investigation
highlights the two characteristic changes of osteoarthritis: the presence of osteophytes and joint space
narrowing. These changes are classi�ed according to Kellgren's criteria [1].
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Another imaging method used to assess changes in osteoarthritic cartilage is MRI. Conventional MRI can
provide data on cartilage lesions in advanced stages with partial or full thickness discontinuities of the
articular surface but is not able to distinguish between healthy cartilage and early degenerative changes
when the articular surface is intact (subsurface lesions) [2]. New MRI techniques are developing,
techniques capable to provide useful information on the morphology or physiology of the in the early
stages of degeneration of the collagen matrix: MRI T2 mapping, three -dimensional spoiled gradient
recalled echo imaging with fat suppression (3D - SPGR), sodium-MRI or delayed Gadolinium-enhanced
MRI (dGEMRIC) [3]. MRI T2 mapping technique detects changes in orientation of �bers and hydration of
collagen layer. With these properties this technique may provide details of structural integrity of the
cartilage with intact articular surface as well as regarding biochemical integrity of the cartilage [4].
Among the disadvantages of this technique we mention the impossibility of determining the stage of the
lesion [5] as well as the fact that the level of physical activity may in�uence the results [6].

Currently arthroscopic examination represents the golden standard in the diagnosis of degenerative
cartilage changes. Outerbridge classi�cation is used for assessment of the stage articular lesions. The
major disadvantage of this technique, in addition to being an invasive technique, is the fact that the
diagnosis of cartilage injury is established through a combination of imaging techniques to explore the
articular surface combined with the tactile sense of the examiner used to check the roughness of the joint
surface. This means that arthroscopy cannot detect subsurface cartilage lesions until they affect
articular surface and usually in this stage the changes are irreversible.

New techniques capable to detect structural changes of the collagen matrix of the cartilage with intact
surface are needed, making possible to apply an early treatment with the �nal aim: preservation of the
articular surface. Optical Coherence Tomography (OCT) is a new diagnostic method that uses the
infrared rays that can detect traumatic or degenerative changes occurring in the collagen layers of
articular cartilage [7]. The advantages of OCT technique are small portable device with the possibility of
incorporating technology in arthroscopic technique, the resolution nearly 25 times greater than any
medical technology [8], data acquisition rate of 120 frames per second. Another advantage of this
technique is that associated with spectroscopic techniques (PS-OCT) it can measure the collagen content
of the desired anatomical specimen [9, 10] OCT can analyze sections of articular cartilage in a scale of
10 to 20 microns comparable to histopathologic examination [11–13].

The scope of this paper is to assess the utility of OCT technology in early detection of degenerative
cartilage lesions of the knee joint through a comparative study with MRI T2 mapping technique.

Methods
In this study 9 patients were examined. All patients in the study group had undergone bi or
tricompartimental knee arthroplasties. Criteria for inclusion in the study were the absence of arthritic
changes in the external femoro-tibial compartment on the preoperative radiological examination
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(Kellgren-Lawrence stage 0 and 1). The mean age of patients was 56.1 years (range between 52 and 61
years), the ratio female: male was 6:3.

All patients selected in the study group performed a MRI investigation, for maximum 21 days
preoperatively. The MRI studies were performed with a clinical 1.5T MRI system with Tim technology
(Magnetom Avanto, Siemens, Germany) using a standard extremity coil and eight-channel knee coil year.
In the T2 relaxation times our Examinations were obtained from T2-maps reconstructed using a multi-
echo spin echo (SE) measurement with a repetition time (TR) of 4130 ms and echo times (TE) between
10ms (minimum) and 87 ms (maximal value). Field of View (FoV) WAS 200x200mm, 320x320 pixel
matrix and voxel size 0.6x0.6x3.0mm. All of the images Were Prepared Within the syngoMapIt using
Inline Technology. These post-processed using maps Were syngoFusion to overlay maps with Their
Corresponding These anatomical images and to conduct manual cartilage segmentation (Figure 1A, B).

The interpretation of the acquired MRI data was performed by two independent observers after a prior
randomization of the patients. The study area included an area of 4mm diameter from the center of the
lateral tibial plateau. Measurements were recorded differently depending on the depth of the examined
cartilage. The thickness of the tibial plateau cartilage was divided into two halves: deep and super�cial,
the average values for the two areas were recorded. For the comparative analysis OCT versus MRI
T2mapping technique were used only the values (in msec), obtained in the super�cial half of the cartilage
layer.

The surgical procedure was performed for all patients in the 2nd Department of Orthopedics and
Traumatology of the Emergency County Hospital Timisoara. In all cases we used ACGII system (Biomet,
Warsaw, Indiana). Seven of the patients received a tricompartmental knee endoprostheses the other two
underwent a bicompartmental knee arthroplasty (arthroplasty of the medial and lateral tibio-femoral
compartments). During tibial plateau osteotomy, attention was paid in order to extract enblock the whole
tibial articular surface, avoiding damage of the articular cartilage especially in the lateral tibio-femoral
compartment (Figure 2).

The tibial articular fragment containing the lateral and medial tibial plateaus was examined with the OCT
technique. This examination was performed only for the lateral tibial plateau within 3 hours
postoperatively after a standardized protocol.

A Time Domain (TD) Optical Coherence Tomography (OCT) system working at 1300 nm was used in this
study (Figure 3).

The system is based on an interferometer equipped with a scanning system in three dimensions. Using
these scanners, different contours, surfaces or volumes of chondral articular surfaces can be obtained,
used for quality and durability. The system provides the following modes of scanning:

Dimensional outline-in depth (A-scan), which provides a variation of chondral material re�ectivity in
depth;
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Horizontally oriented surface (C-scan), at a certain depth that can be selected using a scanning device in
subsurface; it provides a two-dimensional (2-D) distribution of chondral tissue;

Vertically oriented surface (B-scan), which provides a 2-D distribution of chondral material in a section in
depth, which can be repeated at different orientations in the horizontal plane using two dual axis 2-D
galvoscanners.

The size of the lateral aspect of the image, C-scan and B-scan can be adjusted continuously up to 10 mm;

Data analysis after OCT examination was performed by two independent examiners after a prior
randomization of the patients. Degenerative changes of the cartilage structure were staged using the
following classi�cation: cartilage with normal laminar structure of the collagen �bers (grade 0), loss of
the laminar appearance of cartilage (grade 1), and cartilage with surface irregularities (grade 2) (Figure
4).

All patients agreed to participate in this study. The Emergency Hospital Timisoara leadership agreed to
conduct this study.

Results
During OCT examination, the percentage of the agreement between the two reviewers was 89% (8 out of 9
cases). The sample which was the basis of a controversy between the two examiners was removed from
the study (Table 1).

Table 1. Example of patients by gender, age and type of investigations.
Patient Gender Age OCT MRI Superficial MRI Deep

MA F 55 0 42 42
CG F 57 1 49 41
SJ M 61 1 52 42
GC F 52 2 61 44
UL M 60 2 58 44
PA M 55 1 45 38
RS F 54 1 44 41
TB F 59 1 47 42

 

For patients that remained in the study in two cases there was a normal structure with laminar aspect of
the cartilage (grade 0). Five samples presented loss of characteristic laminar structure of collagen matrix,
these samples were classi�ed as grade 1, the remaining two samples presented surface irregularities of
the articular surface (grade 2).

Conventional MRI technique showed in 5 cases a homogeneous appearance with uniform thickness of
articular cartilage in the external tibial plateau.

After MRI T2 mapping reconstruction technique for all the patients in the study group: deep area of the
examined cartilage the average value was 41.3 ms (range between 38 and 44 ms). In the super�cial area
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the average value was 25% higher 51.4 ms (range 42 to 61 ms).

Comparative analysis of OCT versus MRI T2 mapping indicates a good correlation between OCT grading
system and MRI T2 values in the super�cial cartilage.

Discussion
New techniques that are capable to detect subsurface degenerative changes of the collagen matrix are
needed in the early diagnosis of cartilage defects, before such changes become irreversible. Along with
the ability to highlight these changes this technique should be easy to use, minimally invasive and must
provide a high-quality image of the investigated anatomical structure. In this context, the studies
conducted so far on the OCT technique for the early diagnosis of cartilage lesions show the e�ciency of
this examination.

Chu et al. (2010) [14] concluded in his study on 30 patients that OCT and MRI correlated with
arthroscopic �ndings in early degenerative lesions.

Zheng et al. (2010) [15] in a comparative in vivo study between OCT, MRI and arthroscopy found OCT to
be a potentially powerful method in early diagnosis of osteoarthritis.

Bear et al. (2009) [16] found OCT and MRI T2 to be sensitive in cartilage collagen changes in a study on
anatomical specimens.

As well several other animal studies are pointing out the potential of this novel minimally invasive
technique in early diagnosis of subsurface cartilage changes [17, 18].

This paper comes to con�rm these works regarding OCT technique, and the fact that this examination
method may have its well-de�ned place as an effective diagnostic tool for subsurface cartilage
degenerative changes.

The fact that results obtained with this technique correlate with those of the T2 mapping MRI technique,
the capacity of MRI T2 mapping technique to diagnose abnormalities of the collagen matrix of the
cartilage has been demonstrated [19–21], in connection with the unique quality resolution images, and
that the investigation can be carried out during the arthroscopic examination are all huge bene�ts of this
technique.

Further studies should focus on an attempt to quantify and classify these lesions based on OCT data and
in conjunction with medium-to long-term results regarding the evolution of the previous diagnosed
cartilage lesions to be able to make correlations with available treatment options.

Conclusions
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OCT is a minimally invasive diagnostic technique with comparable e�cacy with MRI T2 mapping
technique and superior to conventional MRI in early diagnosis of degenerative lesions of the cartilage
with intact articular surface. However further quantitative studies and an objective classi�cation of the
chondral defects based on OCT images are needed.

Abbreviations
OCT - Optical Coherence Tomography

MRI – Magnetic resonance imaging

dGEMRIC - Gadolinium-enhanced magnetic resonance imaging
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Figures

Figure 1

a) Conventional MRI Arthritic changes in the medial femoro-tibial compartment; b) Same patient lateral
tibial plateau MRI T2 mapping technique;
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Figure 2

Anatomical specimen. Proximal tibial specimen after tibial osteotomy following total knee arthroplasty

Figure 3

OCT examination of the anatomical tibial specimen
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Figure 4

Patient GC, 52 years abnormal OCT cartilage image, loss of laminar structure of the collagen matrix and
surface irregularities (grade2).


