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Tibial cartilage volume measurement in knee
osteoarthritis using magnetic resonance imaging
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Background: Cartilage degeneration is considered as the initial defect in osteoarthritis. Measurement of cartilage
volume is important to monitor disease progression and therapeutic response.
Objectives: To measure tibial cartilage volume using magnetic resonance imaging (MRI), and to evaluate
the accuracy and interobserver reliability of tibial cartilage volume measurement using MRI.
Methods: The outline boundaries of the medial and lateral tibial cartilage were drawn manually on 1 mm slices
using a track-ball to calculate the volume of each slice. Total calculated MRI-derived tibial cartilage volume was
determined by summation of the slice volumes. The calculated tibial cartilage volume was compared to the actual
tibial cartilage volume.
Results: There was a strong correlation between the calculated and actual tibial cartilage volumes determined
by a radiologist and a researcher (98% and 89% agreement in medial tibial cartilage, 99% and 97% agreement in
lateral tibial cartilage, respectively). High observer reliability was identified (92% agreement in medial tibial
cartilage and 97% agreement in lateral tibial cartilage).
Conclusion: Tibial cartilage volume measurement using MRI can be easily performed by well-trained personnel
such as radiologists or residents, and can be used to estimate tibial cartilage volume preoperatively in total knee
arthroplasty, and to monitor disease progression and response to therapy.
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Osteoarthritis (OA) is a common chronic disease
of the elderly and has a medical, psychological, and
socioeconomic impact [1]. OA is a group of disorders
featuring hyaline cartilage and subchondral bone
reaction [2, 3]. Cartilage degeneration is commonly
considered to be the initial pathology in OA [4]. The
assessment of cartilage volume is helpful for monitoring
disease progression and therapeutic responses [5, 6].

Development of treatments for OA is limited by
the lack of a noninvasive method for measuring disease
progression accurately [4].

The width of the femorotibial joint space shown
in plain radiographs may not represent the thickness
of articular cartilage of the femoral condyle and tibial
plateau. Meniscal abnormality or joint effusion can
affect the width of the joint space. Moreover, the
position of patient when taking the radiograph will also
affect the width of the joint space [7-10].

Magnetic resonance imaging (MRI) is the only
imaging modality that can directly delineate articular
cartilage. MRI is a simple, safe, and noninvasively
technique for measuring knee cartilage thickness and
volume in vivo. There has been increasing use of MRI
in the measurement of knee cartilage volume to detect
disease progression and assess the results of treatment
for arthritis [11-14].

Monitoring the tibial cartilage volume after some
procedures can be helpful in therapeutic strategies
and structure-modifying treatments of cartilage
disorders. Some operations such as homologous or
autologous cartilage transplants (mosaicplasty) [15],
or osteochondral grafts or transplantation, require the
cartilage thickness and volume to be monitored [16].
In the present study, we measured cartilage volume
using MRI and evaluated the accuracy of MRI
compared with the actual tibial cartilage volume, which
was measured by replacing it with water.

Materials and methods
Patient population

This study was approved by the Institutional
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Review Board of the Faculty of Medicine,
Chulalongkorn University (IRB No. 241/55) and
received a Certificate of Approval (COA No. 474/
2012).

Between March 2012 and July 2013, 22
consecutive patients, previously diagnosed with
osteoarthritis, who underwent knee MRI studies before
having total knee joint arthroplasty were recruited.
Inclusion criteria for the OA patients were 50–85 years
old, severe symptoms in 1 knee and no prior knee
surgery. Patients were excluded from the study if they
had prior knee surgery or were diagnosed with
rheumatoid arthritis, pulmonary embolism, knee
osteonecrosis, or infected knee arthritis. All patients
gave their written study-specific informed consent to
participate.

The basic characteristics of the 22 patient
participants are shown in Table 1.

MR imaging
All patient participants were prospectively

examined using MRI at the Department of Radiology,
King Chulalongkorn Memorial Hospital, before total
knee joint arthroplasty with bilateral resurfacing
prosthesis. The MRI examinations were performed
with the 3-dimensional (3D) Zimmer knee scan
protocol using a 3.0 T MRI system (Phillips Medical
Systems, Best, The Netherlands).

All static sequences were performed using a
128 × 256 imaging matrix, a field of view of 25−50
cm, and a slice thickness of 3.5 mm with a 0−2.5 mm
interslice gap. The number of signals averaged
was 2.

All MRI evaluations comprised coronal spin-echo
T1-weighted imaging [echo time (TE)/repetition time
(TR) = 15–22/400−700 ms, coronal gradient echo T2*-
weighted image (TE/TR = 10−12/350−600 ms),
followed by sagittal, coronal T2-weighted (TE/TR =
70−90/2000−3500 ms) and sagittal, axial proton
density-weighted imaging (TE/TR = 15−30/500−700
ms). T2-weighted imaging were always combined with
fat suppression.

These static studies were followed by a dynamic
study with a gradient-echo, turbofield echo (TFE)
sequence (2−3/1−3, 10° flip angle, two excitations,
128 × 256 imaging matrix, 3.5-mm slice thickness, no
gap) that incorporated gradient spoiling of the
transverse magnetization.

To obtain high-resolution images of the cartilage,
the Zimmer knee protocol was added for all patients.
The protocol comprises sagittal and coronal 3D T1-
weighted gradient-echo TFE imaging (25° flip angle,
128 × 256 imaging matrix, 1 mm slice thickness, no
gap, TE/TR = 9/20). The acquisition time for 1 coronal
data set for the tibia was 7 min 58 s (field of view 160
mm; matrix 512 × 512 pixels).

The slices selected was on the basis of the 3D
T1-weighted gradient-echo image in coronal view,
which had sufficient sensitivity to detect a cartilage
lesion [17].

Evaluation of MR imaging data
The MRI data were transferred to a work-station

(Advantage Workstation version 5.0, GE Healthcare,
Little Chalfont, Buckinghamshire, United Kingdom).
Volume assessment software (AW VolumeShare 5,
AW4.6, GE Healthcare) used the segment cartilage
compartment (medial and lateral tibia) for cartilage
volume assessment. The boundaries of the medial and
lateral tibial cartilage were outlined manually in a
coronal 3D gradient-echo T1-weighted image slice-
by-slice (1 mm) using a track-ball to exclude the
subchondral bone and tibial spine (Figure 1). The ROI
of the tibial cartilage was determined by delineating
the deepest gradient between the hyperintense
cartilage and hypointense bone and joint cavity.

Cartilage volume was calculated by summation
of the slice volumes, each slice being 1 mm thickness,
the slice volume being determined by multiplying
the surface area by each slice thickness, using
the software to calculating the MRI-derived total
cartilage volume in cubic centimeters (Figure 2).
The tibial cartilage volume was individually measured
before the total knee arthroplasty by two observers (a
musculoskeletal radiologist and a researcher) blinded
to the MRI data.

The accuracy was evaluated by comparing
the values obtained with MRI with those obtained from
volume displacement of surgically retrieved cartilage
tissue. The reference actual cartilage volume was
obtained immediately after total knee arthroplasty
by volume replacement in a Eureka bath and a 1 cm3

pipette (Figure 3). Measurement of actual cartilage

Table 1. Basic characteristics of 22 patient participants

Characteristic Mean Range

Age (y) 70.7 58−85
Body weight (kg) 69.2 53−92
Height (cm) 153.7 143−162
Body mass index (kg/cm2) 29.3 21.6−35.9
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volume was conducted by an orthopedist (fellow,
Arthroplasty Unit, Department of Orthopaedics,

Faculty of Medicine, Chulalongkorn University) who
was blinded to the results of the MRI analysis.

Figure 1. Examples of manual outline border of lateral tibial cartilage in coronal views, shown as red line

Figure 2. Three-dimensional reconstructions of lateral tibial cartilage

Figure 3. A: Excised lateral tibial cartilage to measure tibial cartilage volume. B: Eureka cup and pipette for measured
volume actual cartilage.
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We then calculated the pairwise differences
between volumes obtained with MRI analysis and
the surgically removed tibial cartilage.

Statistical analysis
The tibial cartilage volume measurements were

compared with the actual tibial cartilage volume using
intraclass correlation power analysis (SPSS version
11.5, SPSS, Chicago, IL, USA). An intraclass
correlation coefficient close to 1.0 was considered in
agreement and a P < 0.05 was considered significant.

Results
The medial and lateral tibial cartilage volumes

determined by the radiologist and the researcher are
shown in Table 2.

Figure 4 shows the relationships between the
medial (A, B) and lateral (D, E) tibial cartilage
volumes measured using MRI by the radiologist or
researcher and the actual medial tibial cartilage
volumes. The MRI volumes determined by the
radiologist and the researcher agreed well with the
actual medial and lateral tibial cartilage volume. The
reliability of observers was very good, but higher for
the lateral tibia compared with the medial tibia.

Discussion
There has been increasing interest in the use of

cartilage volume to assess the development of OA.
The knee joint is the main joint that develops OA, and
causes pain and genu varus deformity [18]. Total knee
arthroplasty is frequently performed in patients with
severe OA of the knee. MRI is helpful to evaluate
the cartilage and subchondral bone preoperatively [18].

In the present study, we used manual tracing of
the tibial cartilage boundary using an electronic
trackball on every 1 mm slice. We found that using 1
mm slices provides reliability in tibial cartilage volume

estimation when measured by well-trained medical
personnel such as radiologists or researchers.

Errors in estimating the cartilage volume tended
to be higher for the medial tibia compared with
the lateral tibia. This may be due in part to the more
advanced stage of OA with larger contact area
in the medial femorotibial compartment because
the majority of patients with total knee arthroplasty
had varus deformity. Similarly two previous studies
using unselected cadavers also showed higher
between-method deviations in results in the medial
tibia compared with the lateral tibia [19-21].

In advanced stages of the OA with high grade
chondromalacia, which had severe cartilage loss and
narrowing joint space, accurate distinction of tibial
cartilage boundary was difficult. Furthermore, the
fibroid tissue accompanying OA led to additional
difficulties in delineating the tibial cartilage. Therefore,
drawing the cartilage contours slice-by-slice is
necessary. We used an optimized coronal gradient-
echo 3D T1-weighted MRI sequence to obtain high
contrast and high-resolution images of the cartilage.
However, this sequence requires long acquisition times
(7.58 min). A partial volume effect occurs because of
motion artifact, causing blurred cartilage boundaries.
Moreover, An MRI system produced by only one
vendor was used, and the results may not necessarily
apply to systems from other manufacturers [22]. The
cost for MRI and 3D postprocessing may currently
be too high to use them for routine examination of
OA patients in clinical practice [15].

Among the potential advantages of MRI as a 3D
technique over radiography is that there are less errors
resulting from joint malpositioning [15]. Future MRI-
based techniques should examine the cartilage tissue
loss in a larger number of patients to allow for statistical
sample size calculations for clinical trials.

Table 2. Precision of magnetic resonance imaging-based analysis of tibial cartilage in osteoarthritis

Medial tibia
Radiologist 0.29 1.63 1.13 0.32 28.13
Researcher 0.29 1.77 1.10 0.34 31.02
Actual volume 0.30 1.72 1.14 0.35 30.23

Lateral tibia
Radiologist 0.77 3.17 1.84 0.55 30.22
Researcher 0.60 3.24 1.78 0.57 31.91
Actual volume 0.65 3.2 1.85 0.58 31.44

Volume (cm3) Minimum Maximum                Mean SD CV%

SD, standard deviation; CV, coefficient of variation
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Figure 4. Correlation between MRI medial and lateral tibial cartilage volume measurement and actual medial cartilage
volumes, using intraclass correlation power analysis. Medial cartilage volume measurement by a radiologist
and the researcher correlated well with actual medial cartilage volume (intraclass correlation coefficient (ICC) =
0.98 and 0.89 in A and B, respectively). The reliability of observers was good (ICC = 0.92 in C). Lateral cartilage
volume measurement by a radiologist and a researcher correlated well with actual lateral cartilage volume (ICC =

0.99 and 0.97 in D and E, respectively). The reliability of observers was excellent (ICC = 0.97 in F).
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It is important to use MRI to evaluate
preoperatively the size, location, and stability of
chondral and osteochondral fragments in patients with
chondral and osteochondral injury. MRI is the modality
of choice to monitor new cartilage development
and to evaluate the treatment result after cartilage
repair procedures such as autologous chondrocyte
transplantation, microfracture, osteochondral allograft,
osteochondral autograft transplantation (mosaicplasty).

Conclusion
MRI measurement using manual tracing of every

1 mm slice of tibial cartilage is helpful to estimate the
volume of tibial cartilage preoperatively in total knee
arthroplasty, and to monitor disease progression and
response to therapy. This technique is easily performed
by well-trained personnel such as radiologists or
residents.

The authors have no conflict of interest to declare.

References
1. Yelin E, Callahan LF. The economic cost and social

and psychological impact of musculoskeletal

conditions. National Arthritis Data Work Groups.

Arthritis Rheum. 1995; 38:1351-62.

2. Wluka AE, Cicuttini FM, Spector TD. Menopause,

oestrogens and arthritis. Maturitas. 2000; 35:183-99.

3. Lawrence JS, Bremner JM, Bier F. Osteo-arthrosis.

Prevalence in the population and relationship

between symptoms and x-ray changes. Ann Rheum

Dis. 1966; 25:1-24.

4. Brandt KD, Fife RS. Ageing in relation to the

pathogenesis of osteoarthritis. Clin Rheum Dis. 1986;

12:117-30.

5. Guermazi A, Zaim S, Taouli B, Miaux Y, Peterfy CG,

Genant HG. MR findings in knee osteoarthritis. Eur

Radiol. 2003; 13:1370-86.

6. Graichen H, von Eisenhart-Rothe R, Vogl T, Englmeier

KH, Eckstein F. Quantitative assessment of cartilage

status in osteoarthritis by quantitative magnetic

resonance imaging: technical validation for use in

analysis of cartilage volume and further morphologic

parameters. Arthr Rheum. 2004; 50:811-6.

7. Buckland-Wright JC, Macfarlane DG, Lynch JA,

Jasani MK, Bradshaw CR. Joint space width measures

cartilage thickness in osteoarthritis of the knee: high

resolution plain film and double contrast macroradio-

graphic investigation. Ann Rheum Dis. 1995; 54:263-8.

8. Brandt KD, Mazzuca SA, Conrozier T, Dacre JE,

Peterfy CG, Provvedini D, et al. Which is the best

radiographic protocol for a clinical trial of a structure

modifying drug in patients with knee osteoarthritis?

J Rheumatol. 2002; 29:1308-20.

9. Adams JG, McAlindon T, Dimasi M, Carey J, Eustace

S. Contribution of meniscal extrusion and cartilage

loss to joint space narrowing in osteoarthritis. Clin

Radiol. 1999; 54:502-6.

10. Gale DR, Chaisson CE, Totterman SM, Schwartz RK,

Gale ME, Felson D. Meniscal subluxation: association

with osteoarthritis and joint space narrowing.

Osteoarthritis Cartilage. 1999; 7:526-32.

11. Cicuttini F, Forbes A, Morris K, Darling S, Bailey M,

Stuckey S. Gender differences in knee cartilage

volume as measured by magnetic resonance imaging.

Osteoarthritis Cartilage. 1999; 7:265-71.

12. Peterfy CG, van Dijke CF, Janzen DL. Quantification

of articular cartilage in the knee with pulsed saturation

transfer subtraction and fat-suppressed MR imaging:

optimization and validation. Radiology. 1994; 192:

485-91.

13. Sonin AH, Pensy RA, Mulligan ME, Hatem S. Grading

articular cartilage of the knee using fast spin-echo

proton density weighted MR imaging without fat

suppression. AJR Am J Roentgenol. 2002; 179:

1159-66.

14. Potter HG, Linklater JM, Allen AA, Hannafin JA,

Haas SB. Magnetic resonance imaging of articular

cartilage in the knee. An evaluation with use of fast-

spin echo imaging. J Bone Joint Surg Am. 1998; 80:

1276-84.

15. Burgkart R, Glaser C, Hyhlik-Durr A, Englmeier KH,

Reiser M, Eckstein F. Magnetic resonance imaging

based assessment of cartilage loss in severe

osteoarthritis: accuracy, precision, and diagnostic

value. Arthr Rheum. 2001; 44:2072-7.

16. Piplani MA, Disler DG, McCauley TR, Holmes TJ,

Cousins JP. Articular cartilage volume in the knee:

semiautomated determination from three-dimensional

reformations of MR images. Radiology. 1996; 198:

855-9.

17. Glaser C, Burgkart R, Kutschera A, Englmeier KH,

Reiser M, Eckstein F. Femoro-tibial cartilage metrics

from coronal MR image data: technique, test–retest

reproducibility, and findings in osteoarthritis. Magn

Reson Med. 2003; 50:1229-36.

18. Maataoui A, Graichen H, Abolmaali ND, Khan MF,

Gurung J, Straub R, et al. Quantitative cartilage volume

measurement using MRI: comparison of different

evaluation techniques. Eur Radiol. 2005; 15:1550-4.



     47Vol. 9  No. 1

February 2015

Tibial cartilage volume measurement

19. Eckstein F, Schnier M, Huebner M, Priebsch J, Glaser

C, Englmeier KH, et al. Accuracy of cartilage volume

and thickness measurements with magnetic resonance

imaging. Clin Orthop. 1998; 352:137-48.

20. Eckstein F, Stammberger T, Priebsch J, Englmeier KH,

Reiser M. Effect of gradient and section orientation

on quantitative analysis of knee joint cartilage. J

Magn Reson Imaging. 2000; 11:161-7.

21. Hohe J, Ateshian G, Reiser M, Englmeier KH,

Eckstein F. Surface size, curvature analysis, and

assessment of knee joint incongruity with MRI in vivo.

Magn Reson Med. 2002; 47:554-61.

22. Eckstein F, Charles HC, Buck RJ, Kraus VB, Remmers

AE, Hudelmaier M, et al. Accuracy and precision of

quantitative assessment of cartilage morphology by

magnetic resonance imaging at 3.0 T. Arthritis Rheum.

2005; 52:3132-6.


