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“In light of the … evidence, it is clear that T2 mapping, T1 rho and gadolinium-
enhanced MRI of cartilage may potentially become increasingly valuable. Clinically, 
they could be used in patients suffering from joint pain without a clear radiographic 

diagnosis.”
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Biochemical-based MRI in diagnosis of 
early osteoarthritis

Cartilage anatomy
Each biochemical MRI technique targets a spe-
cific part of the cartilage anatomy; thus, under-
standing its structure becomes paramount. A 
majority of the articular cartilage comprises 
water, type II collagen and proteoglycans, par-
ticularly glucosaminoglycan (GAG) chains [3]. 
Each GAG chain has considerable negative 
charge, which attracts water at times of unload-
ing. Here, swelling is prevented by a strict 
organization of collagen fibers [2].

As described by Ulrich-Vinther et al., normal 
cartilage can be divided into three zones [3]. A 
superficial zone contains the highest water con-
tent, but the lowest proteoglycan concentration. 
Collagen fibers present here are in parallel orien-
tation to the articular surface. An intermediate 
zone consists of fibers in a more oblique fashion. 
Finally, the deep zone has a dense array of col-
lagen fibers oriented perpendicular to the articu-
lar surface. It contains the highest proteoglycan 
concentration and the lowest water content, an 
inverse relationship to its superficial counterpart. 
Underneath these zones is a small layer of calci-
fied cartilage, consisting of radially oriented col-
lagen fibers embedded in a calcified matrix. This 
separates overlying deep zone from underlying 
subchondral bone [3].

Biochemical MRI: clinical applications
Each biochemical-based MRI technique utilizes 
a certain part of the cartilage anatomy to formu-
late its image. For example, T

2
 mapping mea-

sures changing interactions between water and 
collagen molecules, thus effectively detecting 
zonal variations along the articular surface [4]. 
Here, disorganization in collagen matrix leads 
to increased T

2
 signal, as evident in the inter-

mediate zones mentioned above. On the contrary, 

Degenerative joint disease, or osteoarthritis, 
has become one of the most prevalent ortho-
pedic pathologies seen in today’s aging popu-
lation. It can potentially elicit debilitating 
pain, longstanding dysfunction and a severely 
diminished quality of life. Treatments encom-
pass a wide array of therapies, ranging from 
conservative lifestyle modifications to mini-
mally invasive injections, arthroscopies and to 
more extensive joint replacement surgeries. Yet 
diagnosis of osteoarthritis has mainly depended 
on the 1986 criteria of the American College 
of Rheumatology, which takes into account a 
patient’s age, clinical signs and symptoms, as 
well as radiographic and laboratory evidence 
[1]. These radiographic signs classically denote 
osteophytes, joint space narrowing, subchondral 
cysts and sclerosis [2]. However, in recent years a 
new modality for early detection of osteoarthritis 
has emerged: biochemical-based MRI. Although 
MRI has historically been used to outline soft 
tissue pathologies, its utility in accurately detect-
ing articular cartilage injury has continued to 
improve.

The onset of early osteoarthritis is most 
commonly preceded by damage to joint articu-
lar cartilage. This damage can be mapped via 
biochemical-based MRI techniques, such as 
T

2
 mapping, T

1
 rho (spin lattice relaxation in 

the rotating frame) imaging and delayed gado-
linium-enhanced MRI of cartilage (dGEMRIC) 
[2]. These modalities assess the microstructure 
of hyaline cartilage to visualize early signs of 
degeneration or disorganization, as these signs 
are normally absent on plain film radiographs. 
Presumably, with the aid of these modalities, 
osteoarthritis can be diagnosed earlier, thus 
allowing for apt implementation of potential 
prevention strategies.
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superficial zones are highly organized and below 
resolution for T

2
 mapping, therefore not assess-

able with this technique, which accounts for its 
greatest limitation [2]. Nonetheless, in the clinical 
realm, this technique may prove valuable after 
cartilage reparative procedures, as it may gauge 
adequate restoration of deep healthy tissue.

Another example of a similar biochemical 
imaging modality is T

1
 rho (spin lattice relax-

ation in the rotating frame). It measures low-
frequency interactions between hydrogen and 
macromolecules in free water. These values have 
been shown to correlate inversely with proteogly-
can content; as proteoglycan diminishes in dam-
aged areas of articular cartilage, higher T

1 
rho 

values are noted [5].

“Not only does biochemical MRI offer 
insight into clinical management of 

patients, its utility in future biomarker 
research may be paramount.”

A third technique that has made recent 
advances in clinical application is dGEMRIC, 
as it effectively highlights areas of damaged car-
tilage. Intravenous contrast administered prior 
to imaging is dispersed inversely relative to GAG 
concentrations [6]. As damaged articular cartilage 
generally has lower GAG content [7], these areas 
show increased signal upon biochemical imaging. 
In several clinical studies, dGEMRIC showed 
good reproducibility and reliability. These stud-
ies report low inter- and intraobserver variabil-
ity among healthy hip and knee exams [8–10]. 
Furthermore, imaging results have correlated 
well with patient-reported pain and dysfunction, 
even when plain film radiographic findings were 
inconsistent. Kim et al. studied 68 pediatric hips 
and reported a significant correlation between 
dGEMRIC scores and pain (p < 0.0001) as well 
as dysplasia severity (p < 0.0001) [11]. Joint space 
width on plain film radiographs did not share 
such a relationship. In an adult population, Jessel 
et al. assessed scans of low-grade osteoarthritis 
patients and compared them with healthy vol-
unteers [12]. Again, despite only minimal x-ray 
changes, dGEMRIC scores showed a significant 
difference between the two groups.

However, the greatest limitations to using 
dGEMRIC as a clinical standard lie in its com-
pensatory use of gadolinium contrast; it cannot 
be performed on patients with severe renal dis-
ease. The lag time between injection and imag-
ing still remains unproven. Also, the level and 
duration of exercise needed to adequately disperse 
intravenous contrast throughout joint space also 

remain unknown. This, along with the overall 
cumbersome and lengthy nature of examination 
analysis, has made dGEMRIC a less popular 
modality among clinical radiologists.

discussion
The diagnostic performance of MRI in osteo-
arthritis was recently tested by Menashe et al. 
in a systematic review and meta-analysis [13]. 
Upon compiling results of 1220 patients, they 
reported that MRI had 61% sensitivity and 82% 
specificity, both lower than the currently used 
diagnostic criteria set by the American College 
of Rheumatology of 91 and 86%, respectively. 
As a result, the group deemed MRI to be a 
less accurate method than the currently used 
one. Although this study collated data from a 
large number of patients, it failed to identify 
cases where MRI was used in conjunction with 
biochemical-based techniques. Since no large-
scale analyses exist that investigate these specific 
modalities, a definitive answer is still lacking.

Even if better diagnostic potential was achieved, 
the usefulness of acquiring this early diagnosis of 
osteoarthritis still remains questionable. If early 
degeneration was noted in certain zones of car-
tilage, no established interventions exist to suc-
cessfully prevent its progression. Nonetheless, one 
such strategy is proposed by Roos and Dahlberg 
[14]. They randomized patients to either mod-
erate exercise or nonintervention control and 
showed significantly increased GAG content in 
the exercise group after 4 months, thus offering 
a possible prevention strategy. Another interven-
tion may include hormone replacement therapy. 
Although low estradiol and 2-hydroxyestrone 
levels are associated with higher incidence of 
osteoarthritis, evidence of therapeutic preven-
tion using hormone replacement therapy remains 
unclear, as prospective cohort studies are lacking 
[15]. One minimally invasive technique has earned 
increased attention in literature: viscosupple-
mentation. Iannitti et al. have provided valuable 
insight into the molecular foundation and clini-
cal uses of hyaluronic acid [16]. Also, a systematic 
review and meta-analysis of 606 patients compar-
ing hyaluronic acid versus corticosteroid injec-
tions in knee osteoarthritis showed hyaluronic 
acid to have better overall long-term efficacy 
(4–26 weeks) [17].

Furthermore, there has been a growing body of 
evidence supporting the use of biologics in articu-
lar cartilage regeneration and soft tissue engineer-
ing, with the most recent being decellularized 
stem cell matrix [18] and human growth hor-
mone [19]. Although they may prove to enhance 
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proliferative ability and chondrogenic potential, 
their proper mechanisms and clinical applica-
tions have yet to be defined, as such investiga-
tions are still in their infancy. Onyekwelu et al. 
highlighted several key mediators in the field of 
neocartilage formation and emphasized a bal-
ance between negative and positive maturational 
factors [20]. The goal here is to hopefully pro-
duce a biologic alternative that could be applied 
clinically to relieve symptoms of osteoarthritis.

Not only does biochemical MRI offer insight 
into clinical management of patients, its utility 
in future biomarker research may be paramount. 
Recently, there has been a growing interest in 
identifying specific joint space biomarkers as sur-
rogate measures of orthopedic disease progres-
sion [21]. Once the clinical importance of these 
markers are established, imaging modalities dis-
cussed above may serve a greater role in more 
accurately diagnosing these pathologies, and 

thus, facilitating analysis of cartilage morphology 
and composition.

In light of the above evidence, it is clear that T
2
 

mapping, T
1
 rho and dGEMRIC may potentially 

become increasingly valuable. Clinically, they 
could be used in patients suffering from joint 
pain without a clear radiographic diagnosis. Once 
successful prevention strategies for osteoarthritis 
are established, their utility may grow further.

Financial & competing interests disclosure
LM Jazrawi is a consultant for ConMed Linvatec, Knee 
Creations,  Ferring  Pharmaceutical,  Core  Essence  and 
Depuy Mitek. The authors have no other relevant affilia-
tions or financial  involvement with any organization or 
entity with a financial interest in or financial conflict with 
the subject matter or materials discussed in the manuscript 
apart from those disclosed.

No writing assistance was utilized in the production of 
this manuscript.

References
1 Altman R, Asch E, Bloch D et al. 

Development of criteria for the classification 
and reporting of osteoarthritis. Classification 
of osteoarthritis of the knee. Diagnostic and 
Therapeutic Criteria Committee of the 
American Rheumatism Association. Arthritis 
Rheum. 29(8), 1039–1049 (1986).

2 Jazrawi LM, Alaia MJ, Chang G, Fitzgerald 
EF, Recht MP. Advances in magnetic 
resonance imaging of articular cartilage. J. Am. 
Acad. Orthop. Surg. 19(7), 420–429 (2011).

3 Ulrich-Vinther M, Maloney MD, Schwarz 
EM, Rosier R, O’Keefe RJ. Articular cartilage 
biology. J. Am. Acad. Orthop. Surg. 11(6), 
421–430 (2003).

4 Dardzinski BJ, Mosher TJ, Li S, Van Slyke 
MA, Smith MB. Spatial variation of T

2
 in 

human articular cartilage. Radiology 205(2), 
546–550 (1997).

5 Wheaton AJ, Casey FL, Gougoutas AJ et al. 
Correlation of T

1
rho with fixed charge density 

in cartilage. J. Magn Reson. Imaging 20(3), 
519–525 (2004).

6 Bashir A, Gray ML, Boutin RD, Burstein D. 
Glycosaminoglycan in articular cartilage: 
in vivo assessment with delayed Gd(DTPA)
(2-)-enhanced MR imaging. Radiology 205(2), 
551–558 (1997).

7 Venn M, Maroudas A. Chemical composition 
and swelling of normal and osteoarthrotic 
femoral head cartilage. I. Chemical 
composition. Ann. Rheum. Dis. 36(2), 
121–129 (1977).

8 Bittersohl B, Hosalkar HS, Haamberg T et al. 
Reproducibility of dGEMRIC in assessment 

of hip joint cartilage: a prospective study. 
J. Magn Reson. Imaging 30(1), 224–228 
(2009).

9 Multanen J, Rauvala E, Lammentausta E et al. 
Reproducibility of imaging human 
knee cartilage by delayed gadolinium-
enhanced MRI of cartilage (dGEMRIC) at 
1.5 Tesla. Osteoarthritis Cartilage 17(5), 
559–564 (2009).

10 Tiderius CJ, Tjornstrand J, Akeson P, 
Sodersten K, Dahlberg L, Leander P. 
Delayed gadolinium-enhanced MRI of 
cartilage (dGEMRIC): intra- and 
interobserver variability in standardized 
drawing of regions of interest. Acta Radiol. 
45(6), 628–634 (2004).

11 Kim YJ, Jaramillo D, Millis MB, Gray ML, 
Burstein D. Assessment of early osteoarthritis 
in hip dysplasia with delayed 
gadolinium-enhanced magnetic resonance 
imaging of cartilage. J. Bone Joint Surg. Am. 
85-A(10), 1987–1992 (2003).

12 Jessel RH, Zilkens C, Tiderius C, Dudda M, 
Mamisch TC, Kim YJ. Assessment of 
osteoarthritis in hips with femoroacetabular 
impingement using delayed 
gadolinium-enhanced MRI of cartilage. 
J. Magn Reson. Imaging 30(5), 1110–1115 
(2009).

13 Menashe L, Hirko K, Losina E et al. 
The diagnostic performance of MRI in 
osteoarthritis: a systematic review and 
meta-analysis. Osteoarthritis Cartilage 20(1), 
13–21 (2011).

14 Roos EM, Dahlberg L. Positive effects of 
moderate exercise on glycosaminoglycan 
content in knee cartilage: a four-month, 

randomized, controlled trial in patients at risk 
of osteoarthritis. Arthritis Rheum. 52(11), 
3507–3514 (2005).

15 Cheung PP, Gossec L, Dougados M. What are 
the best markers for disease progression in 
osteoarthritis (OA)? Best Pract. Res. Clin. 
Rheumatol. 24(1), 81–92 (2010).

16 Iannitti T, Lodi D, Palmieri B. Intra-articular 
injections for the treatment of osteoarthritis: 
focus on the clinical use of hyaluronic acid. 
Drugs R D 11(1), 13–27 (2011).

17 Bannuru RR, Natov NS, Obadan IE, 
Price LL, Schmid CH, McAlindon TE. 
Therapeutic trajectory of hyaluronic acid 
versus corticosteroids in the treatment of 
knee osteoarthritis: a systematic review and 
meta-analysis. Arthritis Rheum. 61(12), 
1704–1711 (2009).

18 Pei M, Li JT, Shoukry M, Zhang Y. A review 
of decellularized stem cell matrix: a novel cell 
expansion system for cartilage tissue 
engineering. Eur. Cell. Mater. 22, 333–343 
(2011).

19 Nemirovskiy O, Zheng YJ, Tung D et al. 
Pharmacokinetic/pharmacodynamic (PK/PD) 
differentiation of native and PEGylated 
recombinant human growth hormone (rhGH 
and PEG-rhGH) in the rat model of 
osteoarthritis. Xenobiotica 40(8), 586–592 
(2010).

20 Onyekwelu I, Goldring MB, Hidaka C. 
Chondrogenesis, joint formation, and 
articular cartilage regeneration. J. Cell. 
Biochem. 107(3), 383–392 (2009).

21 Eckstein F, Wirth W. Quantitative cartilage 
imaging in knee osteoarthritis. Arthritis 2011, 
475684 (2011).

www.futuremedicine.com 3future science group

Biochemical-based MRI in diagnosis of early osteoarthritis  EDITORIAL


