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Abstract
Background  To explore and compare the values of 3.0T magnetic resonance imaging (MRI) T2 mapping in 
evaluating the degree of acetabular cartilage degeneration in hip replacement surgery.

Methods  A total of 26 elderly patients with femoral neck fractures who were scanned in 3.0T MRI T2 mapping 
quantification technique were included. Basing on MRI images, the degree of acetabular cartilage degeneration was 
classified into Grade 0, 1, 2, 3 and 4, according to the International Cartilage Repair Society (ICRS) scores. In addition, 8 
healthy volunteers were included for control group.

Results  By comparison with health population, T2 relaxation values in the anterior, superior, and posterior regions of 
acetabular cartilage in patients with femoral neck fracture were obviously increased (P < 0.001). Among the patients 
with femoral neck fractures, there were 16 hip joint with Grade 1–2 (mild degeneration subgroup) and 10 hip joints 
with Grade 3–4 (severe degeneration subgroup), accounting for 61.54% and 38.46%, respectively. Additionally, T2 
relaxation values in the anterior and superior bands of articular cartilage were positively related to the MRI-based 
grading (P < 0.05); while there was no significant difference of T2 relaxation values in the posterior areas of articular 
cartilage between severe degeneration subgroup and mild degeneration subgroup (P > 0.05). Importantly, acetabular 
cartilage degeneration can be detected through signal changes of T2 mapping pseudo-color images.
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Background
As the global population ages, the incidence of hip frac-
ture in elderly patients has increased over the past three 
decades, suggesting that hip fracture remains a univer-
sal public health challenge [1]. Femoral neck fracture is 
a special type of hip fracture, and most elderly patients 
with femoral neck fracture have the abnormalities of 
acetabular cartilage, which may impact postoperative 
outcomes such as pain and function [2]. To evaluate 
the degree of cartilage degeneration, X-ray, computed 
tomography (CT), and magnetic resonance imaging 
(MRI) were commonly used in clinical diagnosis [3, 4]. 
However, conventional X-ray, as a currently economical 
and readily available imaging technique, can only indi-
rectly determine the cartilage degeneration by observing 
the degree of joint space narrowing [5]. The introduction 
of MRI has largely replaced hip arthroscopy as an inva-
sive examination for direct analysis of cartilage [6]. Con-
ventional MRI can evaluate the morphological changes of 
inarticular cartilage; but, it is still difficult to display the 
structure of articular cartilage [7]. For quantification of 
cartilage composition, MRI mapping techniques can sup-
port disease characterization, disease progression moni-
toring, and therapy response [8].

Recently, quantitative MRI techniques, such as T1, T2, 
and T2* mapping, have been shown to evaluate the carti-
lage degeneration of hip joint and shoulder joint [9–11]. 
Among them, T2 mapping is sensitive to the changes in 
the contents of water and collagen fiber, and cartilage 
orientation [12]. Especially in hip, high resolution (3.0 T 
or above) is needed for adequate quantitative imaging, 
mainly as a result of the thinner cartilage layer, and close 
contact between the acetabulum and femoral cartilage 
[13].

Based on the unique advantages of rapid imaging, high 
image resolution, easy operation and three-dimensional 
quantitative analysis of cartilage, T2 mapping technol-
ogy can provide a reliable basis for judging the degree of 
acetabular cartilage degeneration. In the current study, 
3.0T MRI T2 mapping quantification technique was used 
to assess the acetabular cartilage degeneration in elderly 
patients with femoral neck fracture, aiming to provide 
support for clinical diagnosis and treatment decisions.

Methods
Study population
The study was retrospectively included the patients with 
femoral neck fracture who underwent hip replacement 
surgery in Orthopedic Joint Disease Area of the 908th 

Hospital of Joint Logistic Support Force from January 
2023 to June 2023. A total of 26 elderly patients were 
collected, including 12 males and 16 females, with an 
average age of 77.1 ± 8.5 years. Inclusion criteria were 
patients who were (1) diagnosed as femoral neck fracture 
by imaging; (2) prepared for hip replacement surgery; (3) 
tolerance to MRI examination; (4) aged ≥ 60 years old.

In addition, 8 healthy volunteers (4 males and 4 females, 
aged 18–25 years, 21.2 ± 2.6 years) were included. The 
inclusion criteria for healthy volunteers were (1) with 
normal BMI; (2) no discomfort symptoms such as hip 
pain or limited mobility; (3) signed the informed consent 
form. Exclusion criteria were as follows: (1) pregnant or 
lactating population; (2) population with MRI related 
contraindications (such as pacemaker implantation or 
claustrophobia). This study was approved by the Medi-
cal Ethics Committee of the 908th Hospital of Chinese 
People’s Liberation Army Joint Logistics Support Force 
(908YYLL103). All participants have signed the informed 
consent form.

MRI examination
The 3.0T MRI (a United Imaging MR770 scanner) with 
12-channel body coil was performed to scan using con-
ventional sagittal FSE T1WI, sagittal FRFSE T2WI/PDWI 
and coronal FRFSE T2WI sequences in all patients. The 
5-echo axial FSE sequences were scanned for T2-map-
ping imaging and the scanning parameters were as fol-
lows: TR = 861.5 ms, TE = 6.71/15.65/24.6/33.54/42
.48 ms, thick layer of 4.0  mm, layer spacing of 0.6  mm, 
FOV = 18 cm×18 cm, 3680 × 100 matrix, NEX = 1, and the 
scanning time of 3.09 min.

Image processing
Based on MRI images, acetabular cartilage degeneration 
was graded, according to International Cartilage Repair 
Society (ICRS) score [14]. Specific grading, where “Grade 
0” was defined as normal cartilage; “Grade 1” was defined 
as local signal enhancement of articular cartilage, with-
out cartilage defect; “Grade 2” was defined as erosion less 
than 50% of cartilage thickness; “Grade 3” was defined as 
defect greater than 50% of articular cartilage depth, with 
or without small bone ulcers; “Grade 4” was defined as 
full-layer articular cartilage defect with bone dissection. 
Grade 1 to 2 was classified as mild degeneration sub-
group and Grade 3 to 4 as severe degeneration subgroup. 
Two or more attending physicians read the images sepa-
rately, and if the grading was inconsistent, the two physi-
cians need to discuss before making decision.

Conclusion  3.0T MRI T2 mapping technology can be used to determine the degree of acetabular cartilage 
degeneration, which can effectively monitor the disease course.
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MRI datasets were transferred to a workstation, and 
pseudo-color T2 mapping images was generated by the 
Functool software package. Using the sagittal PDWI 
image as reference, the region of interest (ROI) on the 
pseudo-color images was manually drawn in acetabular 
cartilage. Of note, during the measurement, images were 
enlarged to avoid the femoral cartilage and subacetabu-
lar bone as much as possible. At the same time, a median 
sagittal slice was taken at the apex of femoral head (that 
is, when the concentric circle diameter is maximum) 
to ensure the measurement in same area. The results of 
pseudo-color mapping in elderly patients were shown 
in Fig.  1A-C, respectively. For reliability assessment, T2 
relaxation values in the anterior, superior, and posterior 
areas of acetabulum were measured at least 3 times in 
each place and then averaged.

Statistical analysis
All data were statistically analyzed using SPSS 20.0 soft-
ware. T2 relaxation values of acetabular cartilage were 
expressed as mean ± standard deviation (SD). The com-
parison of T2 relaxation values between the two groups 
was performed by student’s t test, and P < 0.05 was con-
sidered statistically significant.

Results
Comparison of T2 relaxation value in patients with femoral 
neck fracture and healthy population
As displayed in Tables 1and Fig. 2, T2 relaxation values 
in the anterior, superior, and posterior regions of acetab-
ular cartilage in patients with femoral neck fracture were 
obviously increased (P < 0.001).

Comparison of T2 relaxation value in femoral neck fracture 
patients with mild degeneration and severe degeneration 
subgroup
As displayed in Table 2, T2 relaxation values of anterior 
and superior articular cartilage in the severe degenera-
tion subgroup were statistically higher than those in the 
mild degeneration subgroup (P < 0.05), however there 
was no statistical significance in the T2 relaxation val-
ues of posterior articular cartilage between the severe 
degeneration subgroup and mild degeneration subgroup 
(P > 0.05).

Comparison of T2 mapping pseudo-color images in 
patients with femoral neck fracture and healthy population
T2-mapping pseudo-color images showed that the car-
tilage morphology of healthy population was complete 
and continuous with uniform color levels. In patients 
with femoral neck fracture, the cartilage morphology was 
interrupted and color scales were mixed (Fig. 3).

Table 1  Comparison of T2 relaxation values in patients with femoral neck fracture and healthy population
Groups Cases Anterior acetabular cartilage Superior acetabular cartilage Posterior acetabular cartilage
Femoral neck fracture patients 26 44.06 ± 3.56 43.09 ± 5.17 39.76 ± 4.71
Healthy population 8 25.11 ± 2.10 26.96 ± 1.36 25.17 ± 1.24
t value 14.20 8.63 8.59
p value < 0.001 < 0.001 < 0.001

Fig. 1  A typical elderly patient with right femoral neck fracture (A), and T2-mapping pseudo-color images demonstrated the anterior ROI (ROI1), superior 
ROI (ROI2) and posterior ROI (ROI3) (B) and corresponding information about the number of pixels in each ROIs (C). Of note, because of low cartilage 
thickness in cases with cartilage degeneration, so, during manual selection on ROIs of the acetabular cartilage, the images can be enlarged to avoid the 
femoral cartilage and subacetabular bone as much as possible. ROI, region of interest
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Discussion
T2 mapping is as an objective and non-invasive method 
for assessing acetabular cartilage injury and can provide 
information comparable to arthroscopy [15]. As for T2 
relaxation value in acetabular cartilage, the elevation 

is due to the decrease of proteoglycan content and 
increases of water content and water mobility associ-
ated with disruption of collagen networks. In specific, 
Nieminen et al. [16] have observed an increase of T2 
relaxation value in the superficial area of bovine cartilage 

Table 2  Comparison of T2 relaxation values in femoral neck fracture patients with mild degeneration and severe degeneration 
subgroup
Groups Cases Anterior acetabular cartilage Superior acetabular cartilage Posterior acetabular cartilage
Mild degeneration subgroup 16 42.58 ± 2.94 41.49 ± 3.91 38.97 ± 4.35
Severe degeneration subgroup 10 46.43 ± 3.29 45.65 ± 6.08 41.03 ± 5.21
t value -3.10 -2.13 -1.09
p value 0.005 0.043 0.286

Fig. 3  T2 mapping pseudo-color images in patients with femoral neck fracture and healthy population. (A) Representative images of healthy population 
(Male, 20 years old), (B) T2 mapping pseudo-color images of patients with femoral neck fracture (female, 90 years old)

 

Fig. 2  Individual T2 relaxation values in anterior (A), superior (B) and posterior (C) regions of acetabular cartilage in patients and healthy population. 
***P < 0.001
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after degradation of collagen structure by enzyme treat-
ment. Another study has proved that T2 relaxation rate is 
closely correlated with the water content of human knee 
joint cartilage [17]. Additionally, Wayne et al. [18] have 
showed that T2 relaxation value is significantly negatively 
correlated with proteoglycan content or cartilage hard-
ness. Clinically, T2 relaxation value is significantly posi-
tively correlated with disease severity, as determined by 
higher T2 relaxation value in patients with femoral head 
necrosis compared with healthy controls [19]. In line, our 
study uncovered that T2 relaxation values in the anterior, 
superior, and posterior regions of acetabular cartilage in 
femoral neck fracture patients were notably increased 
by comparison with healthy population, supported the 
roles of T2 relaxation values on evaluating cartilage 
degeneration.

Meanwhile, our study also displayed that T2 relaxation 
values of anterior and superior regions of acetabular car-
tilage in the severe degeneration subgroup were higher 
than those of the mild degeneration subgroup; while 
the T2 relaxation values of posterior cartilage between 
the two groups was not statistically significant. Afore-
mentioned findings was consistent with prior study [20]. 
Importantly, our study also showed that the posterior 
cartilage seems to develop degenerative changes later 
than the anterior and superior parts. In line, Teichtahl 
et al. [21] have stated that almost acetabular cartilage 
defects are located in anterior and superior areas of ace-
tabulum. Moreover, Wong et al. [22] have also found that 
the T2 relaxation value in the anterior region of hip joint 
is significantly higher than that in the posterior region, 
and tends to be higher than that in the superior region. 
The possible reason is that contact stress in anterior and 
superior regions is more concentrated; on the other hand, 
the anterior region of acetabular cartilage has less blood 
supply than other regions, and the self-repair ability is 
relatively poor. Therefore, measuring T2 values in ante-
rior and superior parts of acetabulum may have greater 
clinical significance.

The shortcomings of this study were as follows: first, 
at present, T2 mapping studies on hip cartilage mainly 
focus on hip osteoarthritis, hip dysplasia, hip impin-
gency syndrome and other fields, and there are few litera-
tures and reports on its application in hip replacement. 
Second, the limited number of cases included in this 
study may lead to results bias; third, ROIs selection and 
pseudo-color signal judgment are subjective to a certain 
extent, which may affect the accuracy of the results.

Conclusions
3.0T MRI T2 mapping technology can be used to deter-
mine the degree of acetabular cartilage degeneration 
based on T2 value and pseudo-color images, which 

provides the support for clinical diagnosis and treatment 
decisions.
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