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SUMMARY - The aim of our study was to compare acetabular cartilage affected by primary and
DDH-induced secondary osteoarthritis (OA) using T2 mapping, which gives us information about car-
tilage water and collagen content, and the orientation of collagen fibrils. Samples of the osteochondral
unit were obtained intraoperatively during total hip arthroplasty from the acetabulum of 15 patients with
primary OA (pOA-Ac) and 15 patients with DDH-induced secondary OA (sOA-Ac). The samples were
then scanned on a 7 Tesla micro-magnetic resonance imaging (micro-MRI) machine and the T2 values of
all samples were calculated. The results were compared using a t-test. The average T2 values for the sOA-
Ac and pOA-Ac groups were 57.28+31.87 ms and 37.54£11.17 ms, respectively. The calculated p-value
was 0.019, making results statistically significant at p<0.5. This is one of the first studies performed ex vivo
on the acetabular cartilage of human dysplastic hips, using a 7 Tesla MRI machine. Our results show that
acetabular cartilage in DDH-induced secondary OA is more damaged than in primary OA, and offer 7
Tesla T2 reference values of acetabular cartilage for both the primary and DDH-induced secondary OA.
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Introduction

The aim of this study was to compare acetabular
cartilage affected by primary and DDH-induced sec-
ondary osteoarthritis (OA) using T2 mapping. OA
disrupts the structure and physiological function of
the main macromolecules in the articular cartilage by
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changing their composition and architecture. Loss of
type II collagen is among the initial biochemical al-
terations connected to OA. A well-organised collagen
network is disrupted by the decrease in collagen con-
tent, which causes a loss in tensile stiffness and a rise in
the ability to absorb and retain water, which increases
the amount of water in the cartilage?. According to
histological analyses of the articular cartilage, the col-
lagen network becomes disorganised at the beginning
of OA, and the collagen content decreases as the dis-
ease progresses’>. Both primary and DDH-induced
secondary OA cause similar chemical changes in the
tissue, but secondary OA tends to progress faster.
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DDH is characterised by a shallow acetabulum, which
results in poor femoral head stabilisation and high ar-
ticular loading. Due to special joint anatomy, DDH
patients have an inhomogeneous stress distribution
within the joint, which can lead to premature OA
and more severe symptoms compared to primary OA,
including severe pain even in the absence of obvious
signs of tissue damage® .

Magnetic resonance imaging (MRI) is a radiologi-
cal method used in medical diagnostic imaging of soft
tissues. Given its excellent soft tissue contrast and high
spatial resolution, MRI is a perfect method for artic-
ular cartilage visualisation and assessment'?™. Various
compositional MRI approaches have been developed
in recent years. These techniques enable the assessment
of the biochemical composition of articular cartilage
even before its morphological manifestation. They
are routinely used in the clinic since they allow the
diagnosis of OA in its early stages'®'. One of these
techniques, and the focus of this study, is T2 mapping.
It is a compositional MRI technique based on T2 re-
laxation times, which reflect cartilage water and colla-
gen content, and the orientation of collagen fibrils in
the cartilage matrix. T2 mapping does not require a
contrast agent, which gives it an advantage over other
MR-based imaging methods'®!¥21. Although some
literature references link T2 values with proteoglycan
content®, it has since been proven that T2 values have
a low correlation with the loss of proteoglycans®*.

Most of the information on T2 relaxometry of ar-
ticular cartilage comes from studies performed on the
knee. These studies have demonstrated that osteoar-
thritic cartilage has elevated T2 values, suggesting dis-
organisation of the collagen fibrils and an increase in
water content, i.e., degeneration of the tissue. A range
of T2 values, where greater values indicate a higher de-
gree of deterioration, show the gradation in the tissue’s
metabolic changes!'®?’, Studies performed on clin-
ical 3 Tesla MRI machines have shown that T2 values
are a valuable indicator of cartilage biochemical com-
position and can be used to detect degenerative chang-
es even in the early stages of OA progression. There is
some information on T2 mapping of the hip cartilage,
but those studies are still scarce in number. According
to these studies, T2 values are linked to morphological
cartilage degeneration and can be used in the diagnosis
of early stages of hip OA?7.

The development of high-field strength magnets

has enabled the improvement of articular cartilage im-
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aging. The 7 Tesla MRI offers increased tissue imag-
ing details, a higher signal-to-noise ratio, and a better
ability to distinguish between healthy and degenerat-
ed tissue. It has also found its clinical use, detecting
abnormalities that go unnoticed on MRIs with lower
field strengths'**27¢. Even though it has been demon-
strated that 7 Tesla T2 mapping of the hip cartilage
has a strong clinical potential, it comes with its chal-
lenges. The main obstacle in T2 mapping of the hip
cartilage is its thin and complex anatomy, making good
protocol development a necessity’”*. Given the rela-
tively small number of T2 mapping studies performed
on the hip cartilage, there is a need for further optimi-
zation and development before it is widely used in the
clinical setting.

The purpose of this study was to investigate bio-
chemical differences between the acetabulum of pa-
tients with DDH-induced secondary OA and the ac-
etabulum of patients with primary OA using T2 map-
ping performed on a 7 Tesla MRI machine.

Methods

2.1. Patients

Samples were obtained from patients with
DDH-induced secondary OA (n=15; mean age 54.0;
age range 37-67; 15 females; Crowe stages III and IV)
and patients with primary OA (n=15; mean age 58.4;
age range 50-69; 7 females, 8 males; Kellgren-Law-
rence stages 11T and IV). Exclusion criteria were a his-
tory of malignant or autoimmune diseases, a history of
steroid medication, and the presence of other diseases
or conditions that might influence cartilage develop-
ment (e.g., femoroacetabular impingement, avascular
necrosis...). This study was approved by the University
Hospital Centre Zagreb and the School of Medicine
Research Ethics Committees. All patients gave in-
formed consent to participate in the study.

2.2. Samples

Samples of the osteochondral unit were obtained
intraoperatively, with a 10 mm diameter cylindrical
chisel (Small Joint OATS Set, 10mm AR-8981-10S,
Arthrex, Naples, Florida, US), from the acetabulum
of patients with DDH-induced secondary OA (sOA-
Ac) and the acetabulum of patients with primary OA
(pOA-Ac). The samples were obtained from the pos-
terior-superior zone according to Wasielewski. They
were washed in saline solution and scanned on a mi-
cro-MRI machine immediately following the surgery.
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2.3. micro-MR imaging of osteochondral tissue sam-
Pples

Micro-MR imaging of the samples was performed
on an ultra-high field (7 Tesla) preclinical MRI scan-
ner (BioSpec 70/20 USR, Bruker Biospin, Germany)
in a Tx/Rx configuration, using an 86 mm volume coil
(MT0381, Bruker Biospin) for transmitting (Tx) and a
2-element mouse brain surface coil (MT0042, Bruker
Biospin) for receiving (Rx). Scans were acquired using
Paravision software (Paravision 6.0.1, Bruker Biospin,
Germany).

T2 mapping was performed. The micro-MRI
protocol included longitudinal/sagittal orientation,
FOV size 15x12x5 mm, in-plane resolution 120 x 120
pm, 13 slices per scan, slice thickness of 300 pm, the
gap between slices of 100 pum, multislice multi-echo
(MSME) sequence with 20 echo images, 2500 ms TR/
TE, echo spacing of 7 ms and a scan time of 42 min.

2.4. Data analysis

Data analysis was performed using Image] soft-
ware (v2.3.0., National Institutes of Health, Bethesda,
MD, USA). For each sample, three regions of interest
(ROI) were manually selected, omitting sample mar-
gins to avoid the penetration of saline solution in the
ROI. ROTI’s T2 values were measured. The mean val-
ues of each sample were calculated. The Shapiro-Wilk
analysis was performed to test whether the data were
normally distributed. Mean values for each experimen-
tal group were calculated and compared using a t-test.

Results

'The T2 values for the acetabular cartilage obtained
from primary and DDH-induced secondary OA pa-
tients varied from 18.45 to 66.24 ms, and from 24.36
to 115.45 ms, respectively (Table 1). The Shapiro-Wilk
analysis showed the data were normally distributed.
The average T2 values for the pOA-Ac and sOA-Ac
groups were37.54+11.17 ms and 57.28+31.87 ms, re-
spectively (Figure 1). The calculated p-value was 0.019,
making the results statistically significant at p<0.05.

Discussion

The aim of this study was to analyse the chemical
composition of acetabular cartilage in patients with
primary and DDH-induced secondary OA. We used
7 Tesla MRI T2 mapping. T2 mapping gives us infor-

mation about cartilage water and collagen content, as
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Table 1. T2 relaxation times (in ms) of the acetabulum
of patients with primary osteoarthritis (pOA-Ac) and the
acetabulum of patients with DDH-induced secondary os-
teoarthritis (sOA-Ac). Average T2 values (Avg. T2) are
means (in ms) +/- standard deviation.

T2 / ms
Sample No. pOA-Ac sOA-Ac
1 18.45 24.36
2 22.17 26.85
3 30.31 31.67
4 30.95 34.81
5 31.51 37.23
6 31.77 38.44
7 33.15 39.87
8 36.47 40.97
9 40.47 41.19
10 41.59 46.57
11 43.57 72.06
12 44.00 86.83
13 4433 109.28
14 48.13 113.68
15 66.24 115.45
Avg. 12+SD" 37.54+11.17 57.28+31.87

T2 values in milliseconds

"Average T2 values in miliseconds +/- standard deviation

well as the orientation of collagen fibrils, with higher
T2 values representing a higher degree of tissue de-
generation®%. Although cartilage T2 values rely high-
ly on the scanning parameters, T2 values for healthy
articular cartilage obtained from the hip joint vary on
average between 18.8 to 41.8 ms***. T2 mapping is
a well-established method for the analysis of human
cartilage, but this is one of the first such studies per-
formed ex wivo on the acetabular cartilage of human
dysplastic hips, using a 7 Tesla MRI machine.

Most of the published studies were performed on
clinical MRI machines with the field strength of 3
Tesla. At a higher field strength, T2 values of articu-
lar cartilage tend to be smaller compared with 3 Tes-
la*. In general, higher field strength enables a higher
signal-to-noise ratio and an improved differentiation
between healthy and degenerated tissue. In the clinical
context, there are cases where MRI results might be
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Figure 1. Graphical representation of average T2 values (in ms) for acetabular cartilage obtained from patients with
primary osteoarthritis (pOA-Ac) and DDH-induced secondary osteoarthritis (sOA-Ac). Error bars represent standard

deviations.

Figure 2. T2 maps of the acetabulum obtained from a patient with primary osteoarthritis (left) and a patient with
DDH-induced secondary osteoarthritis (right). The yellow background represents water. Scale bar represents T2 values

in ms.

disregarded if they contradict the clinical presentation.
A more accurate visualisation, provided by high-field
strength MRIs, has a great potential to help distin-
guish early pathological changes from artefacts. In
terms of research, new-generation MRIs provide im-
proved spatial resolution and better-quality images
that can resolve even small morphological structures
in the tissue®*14,

To our knowledge, there is currently no informa-
tion on T2 values of human acetabular osteoarthrit-
ic cartilage obtained from a 7 Tesla scanner. Here
we present reference 7 Tesla T2 values of acetabular
cartilage for both the primary and DDH-induced
secondary OA. In our study, the average T2 values of
pOA-Ac and sOA-Ac cartilage were 37.54+11.17 ms
and 57.28+31.87 ms, respectively. At the significance
level of p<0.05, we found statistically significant dif-
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ferences between the two experimental groups. Our
results show that acetabular cartilage in DDH-in-
duced secondary OA is more damaged than in primary
OA, which agrees with previously published data. It
has been demonstrated that DDH-induced secondary
OA causes the loss of collagen and an increase in wa-
ter content in the articular cartilage matrix, explaining
an increase in T2 values. Compared with primary OA,
DDH causes more severe symptoms and accelerated
tissue degeneration, which can be explained by a high-
er degree of biochemical changes affecting the carti-
lage8-10,44,45.

When comparing standard deviation (SD) values,
we noticed a higher variability within the secondary
OA group (Table 1). As previously mentioned, stud-
ies on the knee joint have shown that T2 values in-

crease as OA progresses*®*. In vivo studies on humans
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showed a similar pattern with the hip joint, and vali-
dated the use of T2 mapping as a tool for measuring
the degree of cartilage deterioration®. Heterogeneity
can therefore be explained by the presence of difter-
ent stages of OA progression among DDH patients.
Even though all the DDH patients included in this
study were diagnosed with severe stages of OA, DDH
is known to cause severe pain'®!!, meaning some of the
patients might have asked for medical help in earlier
stages of OA progression. One of the clinical mani-
festations of DDH is a shallow acetabulum, which re-
sults in abnormal articular cartilage loading. All the
sOA-Ac and pOA-Ac samples were obtained from
the same anatomical region (posterior-superior zone
according to Wasielewski), but due to altered anato-
my of the DDH acetabulum those regions might have
been under different degrees of biomechanical loading,
therefore suffering different degrees of damage, offer-
ing another explanation for a variance in T2 values
within the DDH group.

We suggest further investigation of articular car-
tilage in patients with advanced stages of DDH, with
the future focus on complimentary MRI and immu-
nohistochemistry examination of acetabular cartilage
of DDH patients, in order to gain a more thorough
understanding of the differences between primary and

secondary OA.
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Sazetak

T2 MAPIRANJE HRSKAVICE ACETABULUMA KOD BOLESNIKA S PRIMARNIM OSTEOARTRITISOM
I SEKUNDARNIM OSTEOARTRITISOM INDUCIRANIM RAZVOJNIM POREMECAJEM KUKA
ANALIZIRANO NA MIKRO-MR UREDAJU SNAGE 7 TESLA

T' Duvancié, A. Vukasovié Barisié, M. Plecko, A. Cizmic, I. Bohacek i D. Delimar

Svrha ovog rada bila je usporediti acetabularnu hrskavicu prikupljenu od pacijenata s primarnim i sekundaranim osteo-
artritisom (OA) uzrokovanim razvojnim poremeéajem kuka koristeci T2 mapiranje, koje se koristi za analizu sadrzaja vode
i kolagena u hrskavici, i orijentacije kolagenih vlakana. Uzorci actabuluma prikupljeni su tijekom operacije ugradnje totalne
endoproteze kuka od 15 pacijenata s primarnim OA (pOA-Ac) i 15 pacijenata sa sekundarnim OA uzrokovanim razvojnim
poremecajem kuka (sOA-Ac), te su snimljeni mikro-magnetskom rezonancijom (mikro-MR) na uredaju jacine 7 Tesla.
Izratunate su T2 mape svih uzoraka, a rezultati su usporedeni pomocu t-testa. Srednje T2 vrijednosti za sOA-Ac i pOA-Ac
iznosile su 57.28+31.87 ms, odnosno 37.54+11.17 ms. Izracunata p vrijednost iznosila je 0.019, §to znaci da je razlika izmedu
skupina statisticki znacajna uz razinu znacajnosti p<0.05. Ovo je jedna od prvih ex vivo studija acetabularne hrskavice paci-
jenata s razvojnim poremecajem kuka provedenih na mikro-IMR uredaju jacine 7 Tesla. Nasi rezultati upucuju na to da je
acetabularna hrskavica pacijenata sa sekundarnim osteoartritisom uzrokovanim razvojnim poremecajem kuka vise ostecena
od one pacijenata s primarnim OA. Nasa studija pruza informacije o referentnim T2 vrijednostima acetabularne hrskavice
zahvadene primarnim i sekundarnim OA dobivenim na MR uredaju jacine 7 Tesla.

Kljuéne rijedi: razvojna displazija kukova, acetabul, osteoartritis, magnetska rezonancija
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