
Am J Transl Res 2026;18(5):4516-4524
www.ajtr.org /ISSN:1943-8141/AJTR0170457

https://doi.org/10.62347/LBAX3884

Original Article
Diagnostic performance of  
multimodal imaging integrating X-ray, CT,  
and MRI in femoroacetabular impingement syndrome

Qitong Liu, Weiguo Zhang, Yu Mu

Department of Radiology, Beijing Chao-Yang Hospital, Capital Medical University, Chaoyang District, Beijing 
100021, China

Received December 2, 2025; Accepted April 23, 2026; Epub May 15, 2026; Published May 30, 2026

Abstract: Objective: To evaluate the diagnostic performance of combined X-ray, computed tomography (CT), and 
magnetic resonance imaging (MRI) for femoroacetabular impingement (FAI) syndrome and its subtypes, and to 
explore potential factors associated with FAI. Methods: A total of 86 patients with FAI syndrome (FAI group) and 70 
individuals without hip joint abnormalities (control group) were retrospectively enrolled. All participants underwent 
X-ray, CT, and MRI examinations. The imaging findings were collected and analyzed. The diagnostic performance 
of each modality and their combination for FAI syndrome was analyzed using the receiver operating characteristic 
(ROC) curve analysis. Subsequently, independent risk factors were identified, and a nomogram prediction model 
was built and validated. Results: The area under the ROC curve (AUC) for diagnosing FAI syndrome using X-ray, CT, 
and MRI was 0.792, 0.845, and 0.889, respectively, whereas the combined diagnostic model achieved an AUC 
of 0.932 (specificity: 90.70%, sensitivity: 95.71%, accuracy: 92.95%). Multivariate analysis further identified age, 
high-intensity exercise history (Hx_HIE), α angle, and center-edge (CE) angle as independent risk factors for FAI syn-
drome, while femoral offset played a protective role. The constructed nomogram demonstrated excellent predictive 
performance, with a C-index of 0.966 and high calibration accuracy, particularly in the high-risk range. Conclusion: 
The joint screening using X-ray, CT, and MRI can significantly improve the diagnostic accuracy for FAI syndrome. Age 
≥32 years, a history of high-intensity exercise, increased α/CE angles, and decreased femoral offset are associated 
with a higher risk of developing FAI syndrome.
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Introduction

Femoroacetabular impingement (FAI) syndrome 
is a common cause of hip pain and a risk factor 
for the development of hip osteoarthritis and 
total hip replacement in young individuals [1]. 
This condition is primarily caused by abnormal 
morphology of the proximal femur and/or ace-
tabulum, leading to abnormal contact between 
the acetabular rim and the femoral head-neck 
junction. Such impingement can be classified 
into three categories: cam, pincer, and mixed 
type [2]. 

Cam deformity, with a prevalence of approxi-
mately 37%, is characterized by an aspheric 
femoral head and associated with abnormal 
bone growth at the head-neck junction [3]. 

Pincer morphology, with a prevalence of about 
67%, is closely associated with acetabular ret-
roversion [4]. The mixed type is more common 
than the first two subtypes and presents ana-
tomical features of both cam and pincer defor-
mities [5]. 

According to statistics, the diagnostic rate of 
FAI syndrome has shown a significant upward 
trend in recent years, particularly among young 
people and athletes. Consequently, the number 
of related arthroscopic procedures has also 
surged [6]. Although the surgical strategies for 
FAI syndrome have been continuously opti-
mized, and early surgical intervention often 
leads to better outcomes, timely diagnosis 
remains challenging [7]. This is related to the 
subtle clinical manifestations and mild struc-
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tural abnormalities in many FAI patients, as well 
as the overlap of FAI-related symptoms with 
those of other musculoskeletal disorders (e.g., 
hip, pelvic, or lumbar spine disorders), which 
further complicates the diagnostic process [8]. 

X-ray is a widely used imaging modality capable 
of revealing internal skeletal structure, such as 
fractures, dislocations, osteopathies, and for-
eign bodies, thus realizing disease diagnosis 
[9]. Despite low cost, rapid acquisition, and 
wide availability, X-ray also shows the disadvan-
tages of ionizing radiation exposure, low soft-
tissue resolution, and limited capability in 
depicting complex three-dimensional anatomi-
cal structural [10]. Computed tomography (CT) 
and magnetic resonance imaging (MRI) are two 
other commonly used imaging techniques. CT 
mainly utilizes rotating X-ray beams and three-
dimensional reconstruction to obtain detailed 
anatomical structure; however, it is associated 
with ionizing radiation exposure and has limited 
sensitivity in detecting soft-tissue injuries (e.g., 
cartilage and labral lesions) [11, 12]. MRI, on 
the other hand, provides more accurate infor-
mation on soft-tissue structures by using mag-
netic fields and radiofrequency pulses to excite 
hydrogen proton signals. It offers the advan-
tages of being radiation-free and providing 
excellent soft-tissue contrast. However, MRI is 
relatively time-consuming, costly, and has lim-
ited ability to depict microscopic cortical bone 
structure [13, 14].

At present, there are relatively few studies on 
the combined use of X-ray, CT, and MRI for 
screening FAI syndrome and analyzing different 
types and risk factors. Therefore, this study 
aims to explore the diagnostic performance of 
combined imaging modality of X-ray, CT, and 
MRI for FAI syndrome and to identify potential 
risk factors, thereby providing more reliable evi-
dence for improving screening efficiency and 
risk stratification.

Information and methodology

Case selection

This retrospective study recruited 146 patients 
with FAI syndrome treated at our hospital 
between September 2021 and June 2025. All 
patients underwent X-ray, CT, and MRI exami-
nations. This study was approved by the Ethics 
Committee of Beijing Chao-Yang Hospital, Ca- 
pital Medical University.

Inclusion criteria: (1) diagnosis of FAI syndrome 
according to clinical manifestations and estab-
lished diagnostic criteria [15]; while controls 
showed no hip joint abnormalities, no symp-
toms, with completely normal imaging findings; 
(2) age >18 years; (3) no contraindications to 
X-ray, CT, or MRI examinations; (4) receipt of 
arthroscopic minimally invasive surgery without 
contraindications; (5) no history of trauma or 
surgery to the affected hip joint; (6) presence  
of hip or groin pain; (7) imaging-confirmed mor-
phological abnormalities at the femoral head-
neck junction and acetabulum; (8) complete 
clinical data and routine detection indicators; 
(9) normal communication and cognitive 
abilities. 

Exclusion criteria: (1) history of trauma, previ-
ous hip replacement, or other hip surgeries;  
(2) femoral head necrosis, synovitis, or coxotu-
berculosis; (3) pregnancy or lactation; (4) anky-
losing spondylitis, rheumatoid arthritis, and 
other severe joint diseases; (5) malignancies  
or vital organ dysfunction; (6) congenital hip 
dysplasia.

Intervention methods

X-ray examination: patients underwent X-ray 
imaging using standard anteroposterior (AP) 
views of the pelvis and both hip joints, as well 
as 45°/90° Dunn views. 

CT examination: CT scans were performed 
using Siemens SOMATOM Definition Flash CT 
scanner, with a conventional slice thickness  
of 5 mm. Bone window images were recon-
structed at 0.625 mm and post-processed  
on a workstation to generate coronal, oblique 
axial, and three-dimensional reconstructions of 
the pelvis.

MRI examination: MRI was performed using a 
Discovery MR750w 3.0T system. The scanning 
parameters were as follows: T1WI sequence: 
FOV 300 mm × 280 mm, slice thickness 3.0 
mm, TR 3384 ms, TE 82 ms; T2WI sequence: 
FOV 300 mm × 210 mm, slice thickness 3.5 
mm, TR 650 ms, TE 10 ms; T2WI fat-sup-
pressed sequence: FOV 210 mm × 210 mm, 
slice thickness 3.5 mm, TR 3962 ms, TE 32 
ms. Representative MRI images are shown in 
Figure 1.

The X-ray, CT, and MRI images were evaluated 
independently and blindly by two radiologists 
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(associate director level or above). Discrepan- 
cies were resolved by consensus discussion.

Data collection

Diagnosis of FAI syndrome and its subty- 
pes: FAI syndrome and its subtypes were diag-
nosed based on clinical manifestations and 
arthroscopic findings. A positive hip impinge-

Of these measures, FAI syndrome and its sub-
types, as well as various diagnostic parame-
ters, were primary outcomes, while other clini-
cal data were treated as secondary outcomes.

Statistical methods

SPSS 25.0 was used for statistical analyses. 
Variance homogeneity and approximate normal 

Figure 1. Representative MRI imaging findings. A. X-ray image of a normal 
hip joint showing preserved structure and normal joint space. B. X-ray image 
of a hip joint with abnormal bone hyperplasia and joint space alterations. C. 
3D CT reconstruction of a control subject showing normal acetabular mor-
phology and femoral head coverage. D. 3D CT reconstruction of a FAI patient 
clearly showing cam-type deformity of the femoral head. E. MRI of a control 
subject showing normal signal and intact soft tissues, including articular 
cartilage and acetabular labrum. F. MRI of a FAI patient showing typical soft 
tissue lesions caused by impingement, including labral tears and cartilage 
damage. Note: MRI, magnetic resonance imaging; FAI, femoroacetabular im-
pingement; CT, computed tomography; 3D, three-Dimensional.

ment test was considered 
indicative of FAI. Arthrosco- 
pically, cam type is character-
ized by a bony protrusion at 
the femoral head-neck junc-
tion, pincer type shows ex- 
cessive acetabular coverage, 
and the mixed type exhibits 
characteristics of the above 
two, which may subsequently 
result in acetabular labral 
tears or cartilage damage 
[16].

Diagnostic data: The sensi- 
tivity (SEN), specificity (SPE), 
accuracy (ACC), as well as  
the positive (PPV) and nega-
tive predictive value (NPV) of 
three screening methods for 
FAI syndrome were calculat-
ed, using arthroscopic surgi-
cal records as the gold stan-
dard. These indexes were cal-
culated as follows: SEN =  
true positives/(true positives 
+ false negatives); SPE = true 
negatives/(false positives + 
true negatives); ACC = (true 
positives + true negatives)/
total number of people test-
ed; PPV = true positives/(true 
positives + false positives); 
NPV = true negatives/(false 
negatives + true negatives).

Other clinical data: Clinical 
information, including sex, 
age, body mass index (BMI), 
high-intensity exercise histo- 
ry (Hx_HIE), α angle, center-
edge (CE) angle, and femoral 
offset, was extracted from 
patient medical records to 
analyze potential determi-
nants of FAI syndrome.
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distribution were evaluated using Bartlett’s  
test and the Kolmogorov-Smirnov test, respec-
tively. Continuous variables confirming to nor-
mal distribution were expressed as mean ± 
standard deviation (

_
x±sd), and differences 

between groups were examined using the  
independent sample t-tests. Categorical vari-
ables were presented as n (%) and compared 
between groups using the χ2 test or the Fisher 
exact test, as appropriate. Receiver operating 
characteristic (ROC) curve analysis was per-
formed to evaluate the diagnostic performance 
of the three imaging modalities for FAI syn-
drome, alone and in combination. Univariate 
and multivariate logistic regression analyses 
were conducted to identify potential risk fac-
tors associated with FAI syndrome. A nomo-
gram predictive model was constructed based 
on independent risk factors. Internal validation 
of the model was performed using 1,000 boot-
strap resamples, and predictive accuracy was 
assessed using calibration curves. A two-tailed 
P value <0.05 was considered statistically 
significant.

Results

Diagnosis of FAI syndrome by X-ray, CT, MRI, 
and their combination 

X-ray screening identified 68 positive and 88 
negative cases of FAI syndrome. CT detected 
75 positive cases and 81 negative cases. MRI 
detected 78 positive cases and 78 negative 
cases. Their combined detection identified 81 
positive cases and 75 negative cases (Tables 
1, 2).

Diagnostic performance of X-ray, CT, and MRI 
for FAI syndrome

ROC curve analysis showed that the AUC of 
X-ray for diagnosing FAI syndrome was 0.792 
(95% CI: 0.719-0.865), with SPE, SEN, and ACC 
of 69.77%, 88.57%, and 78.21%, respectively. 
The AUC for CT screening was 0.845 (95% CI: 
0.780-0.910), with 79.07% SPE, 90.00% SEN, 
and 83.97% ACC. MRI demonstrated an AUC of 
0.889 (95% CI: 0.832-0.945), with an SPE of 
84.88%, SEN of 92.86%, and ACC of 88.46%. 
The joint screening approach achieved the 
highest diagnostic performance, with an AUC of 
0.932 (95% CI: 0.887-0.977), SPE of 90.70%, 
SEN of 95.71%, and ACC of 92.95% (Figure 2; 
Table 3).

Accuracy of X-ray, CT, and MRI in identifying 
FAI syndrome subtypes 

For the diagnosis of cam, pincer, and mixed 
types of FAI syndrome, the diagnostic accuracy 
of X-ray was 82.61%, 80.00%, and 86.05%, 
respectively; the corresponding figures for CT 
were 91.30%, 90.00%, and 95.35%, res- 
pectively; and MRI achieved accuracies of 
86.96%, 90.00%, and 93.02%, respectively. 
Notably, the joint modality achieved diagnostic 
accuracy of 95.65%, 95.00%, and 97.67% for 
cam, pincer, and mixed types, respectively 
(Table 4).

Univariate analysis of risk factors of FAI syn-
drome

Univariate analysis revealed that sex, age,  
BMI, Hx_HIE, α angle, CE angle, and femoral 
offset were significantly associated with FAI 
syndrome (all P<0.05), while hip trauma history 
and family history showed no marked associa-
tion (P>0.05; Table 5).

Table 1. Detection of FAI syndrome by X-ray, 
CT, and MRI

Imaging modality
Gold standard

Total
Positive Negative

X-ray Positive 60 8 68
Negative 26 62 88
Total 86 70 156

CT Positive 68 7 75
Negative 18 63 81
Total 86 70 156

MRI Positive 73 5 78
Negative 13 65 78
Total 86 70 156

Note: CT, computed tomography; MRI, magnetic reso-
nance imaging; FAI, femoroacetabular impingement.

Table 2. Detection of FAI syndrome by joint 
modality

Joint detection
Gold standard

Total
Positive Negative

Positive 78 3 81
Negative 8 67 75
Total 86 70 156
Note: FAI, femoroacetabular impingement.
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Multivariate analysis of risk factors of FAI syn-
drome

Variables identified as significant in the univari-
ate analysis were included in a binary logistic 
regression model for multivariate analysis. 
Gender and BMI were no longer statistically sig-
nificant (P>0.05). However, age, Hx_HIE, α 
angle, CE angle, and femoral offset remained 
as independent predictors of FAI syndrome (all 
P<0.05; Table 6).

Nomogram construction and validation for pre-
dicting the risk of FAI syndrome 

Based on the identified independent predictors 
(age, Hx_HIE, α angle, CE angle, and femoral 
offset), an individualized predictive nomogram 
for FAI syndrome was constructed. Bootstrap 
resampling (1000 iterations) was used for 
internal verification. The results demonstrated 
excellent discriminative ability, with a concor-
dance index (C-index) of 0.966 (95% CI: 0.940-
0.986). Analysis of the calibration curve re- 
vealed a slight overestimation in the low-risk 

verifying FAI syndrome, possibly attributed to 
their higher resolution.

The findings of this study showed that the AUCs 
of X-ray, CT, and MRI for diagnosing FAI syn-
drome were 0.792, 0.845, and 0.889, respec-
tively. Among the individual imaging modalities, 
MRI demonstrated the highest diagnostic per-
formance, followed by CT and X-ray. The advan-
tage of MRI may be related to its high sensitivi-
ty in detecting early structural and soft-tissue 
changes. MRI can also identify pathological 
findings such as bone marrow edema, acetabu-
lar labral tears, and cartilage abnormalities. 
However, due to limitations in spatial resolu-
tion, MRI may still face challenges in detecting 
subtle fissures in early cartilage lesions. When 
X-ray or CT diagnoses are inconclusive, MRI can 
directly reveal these crucial soft-tissue abnor-
malities, thereby playing a greater role in the 
early identification of FAI syndrome. Similarly, 
Xing et al. [20] reported that MRI exhibits supe-
rior performance in diagnosing ischiofemoral 
impingement syndrome. By measuring the 
ischiofemoral space and quadratus femoris 

Figure 2. ROC curves for X-ray, CT, MRI, and their combination in diagnosing 
FAI syndrome. CT, computed tomography; MRI, magnetic resonance imaging; 
FAI, femoroacetabular impingement; AUC, areas under the curves.

interval, a minor underestima-
tion in the medium-high risk 
interval, and high accuracy in 
the high-risk interval (Figure 
3).

Discussion

The diagnostic value of X-ray, 
CT, and MRI in FAI syndrome 
has been extensively explor- 
ed. Atalar et al. [17] reported 
that an X-ray-based deep-
learning method improved  
the diagnostic efficiency in 
patients with suspected FAI 
presenting with hip pain. 
Ferrero et al. [18] reported 
that photon-counting CT is not 
only feasible in measuring α 
angle and acetabular version, 
but also offers advantages 
over energy-integrating detec-
tor CT by reducing the radia-
tion dose by approximately 
50%. Newhouse et al. [19] 
reported superiority of 3.0T 
MRI-based hip bone models 
over CT-assisted models in 
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space, their diagnostic model achieved an AUC 
of approximately 0.950, which is consistent 
with our findings. Furthermore, Montin et al. 
[21] reported that three-dimensional MRI 
radiomics can distinguish patients with and 

without symptomatic FAI, and when combined 
with automatic joint segmentation techniques, 
it further improves the efficiency of FAI identifi-
cation, providing additional support for our 
findings.

Table 3. Diagnostic performance of X-ray, CT, MRI, and their combination for FAI syndrome

Inspection means AUC Specificity Sensitivity Accuracy Positive predictive 
value

Negative predictive 
value

X-ray 0.792 69.77% 88.57% 78.21% 88.24% 70.45%
CT 0.845 79.07% 90.00% 83.97% 90.67% 77.78%
MRI 0.889 84.88% 92.86% 88.46% 93.59% 83.33%
Joint detection 0.932 90.70% 95.71% 92.95% 96.30% 89.33%
Note: CT, computed tomography; MRI, magnetic resonance imaging; FAI, femoroacetabular impingement; AUC, areas under the 
curves.

Table 4. Accuracy of X-ray, CT, MRI and their combination in identifying FAI syndrome subsets
Examination modality Cam type (n = 23) Pincer type (n = 20) Mixed type (n = 43)
X-ray 19 (82.61) 16 (80.00) 37 (86.05)
CT 21 (91.30) 18 (90.00) 41 (95.35)
MRI 20 (86.96) 18 (90.00) 40 (93.02)
Joint detection 22 (95.65) 19 (95.00) 42 (97.67)
Note: CT, computed tomography; MRI, magnetic resonance imaging; FAI, femoroacetabular impingement.

Table 5. Univariate analysis of risk factors for FAI syndrome
Data Control group (n = 70) FAI group (n = 86) χ2 value P value
Sex 5.908 0.015
    Female 38 (54.29) 30 (34.88)
    Male 32 (45.71) 56 (65.12)
Age (years) 6.262 0.012
    <32 45 (64.29) 38 (44.19)
    ≥32 25 (35.71) 48 (55.81)
Body mass index (kg/m2) 7.980 0.005
    <24 46 (65.71) 37 (43.02)
    ≥24 24 (34.29) 49 (56.98)
Hx_HIE 7.146 0.008
    No 52 (74.29) 46 (53.49)
    Yes 18 (25.71) 40 (46.51)
Hip trauma history 3.662 0.056
    No 65 (92.86) 71 (82.56)
    Yes 5 (7.14) 15 (17.44)
Family history 0.113
    No 68 (97.14) 77 (89.53)
    Yes 2 (2.86) 9 (10.47)
α angle (°) 47.73±7.61 63.62±10.86 10.345 <0.001
CE angle (°) 28.31±4.80 34.24±6.59 6.291 <0.001
Femoral offset (mm) 8.87±1.59 6.78±1.79 7.622 <0.001
Note: FAI, femoroacetabular impingement; Hx_HIE, high-intensity exercise history; CE angle, center-edge angle.
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The combined imaging strategy achieved excel-
lent diagnostic performance, with an AUC of 
0.932, outperforming MRI and any single 
modality across all diagnostic indicators. These 
findings suggest that multimodal imaging inte-
grating X-ray, CT, and MRI provides greater 
diagnostic efficiency for FAI syndrome. This 
may be due to the complementary strengths of 
the three modalities, which maximizes diagnos-
tic performance. Specifically, X-rays has clear 
advantages in examining bone structures and 
can quickly identify obvious skeletal abnormali-
ties. CT excels in accurately characterizing im- 
pingement morphology and quantifying struc-
tural parameters such as the α angles and fem-
oral offsets. In contrast, MRI provides unique 
data in detecting clinically significant soft-tis-
sue and early pathological changes, including 
bone marrow edema, labral tears, and cartilage 
damage caused by the bony abnormalities 
identified on CT. For instance, when CT shows a 
borderline α angle in patients with atypical 
symptoms, the corresponding bone marrow 
edema or labral tear indicated by MRI may 

serve as the key evidence supporting clini- 
cal intervention. Conversely, in patients with 
persistent symptoms but without obvious mor-
phological abnormalities on X-ray or CT, MRI 
may reveal hidden labral injuries or early carti-
lage degeneration. Given these findings, the 
combined screening strategy is especially  
suitable for complex, atypical, or surgically 
planned cases, as it maximizes diagnostic 
accuracy and enhances the reliability of clinical 
decision-making. 

In the study of Hayashi et al. [22], the combina-
tion of CT with anterior CE and α angles maxi-
mized the diagnostic efficiency for FAI syn-
drome (AUC = 0.920), though slightly lower 
than that observed in the present study. 
Additionally, the accuracy assessment for dif-
ferent subtypes of FAI syndrome yielded simil- 
ar results. Multimodal imaging combining X-ray, 
CT, and MRI demonstrated the highest accura-
cy (95.65%, 95.00%, and 97.67% for cam, pin-
cer, and mixed types, respectively) compared 
to any single imaging modality. Furthermore, 

Table 6. Multivariate analysis of risk factors of FAI syndrome
Variable B Standard error Wald P OR 95% CI
Sex 1.263 0.675 3.503 0.061 3.536 0.942-13.270
Age (years) 1.347 0.670 4.041 0.044 3.847 1.034-14.313
Body mass index (kg/m2) 1.183 0.651 3.301 0.069 3.265 0.911-11.701
Hx_HIE 1.591 0.716 4.943 0.026 4.909 1.207-19.958
α angle (°) 0.285 0.064 19.570 <0.001 1.330 1.172-1.509
CE angle (°) 0.264 0.066 16.153 <0.001 1.302 1.145-1.480
Femoral offset (mm) -0.702 0.207 11.536 0.001 0.496 0.331-0.743
Note: FAI, femoroacetabular impingement; Hx_HIE, high-intensity exercise history; CE angle, center-edge angle; OR, Odds Ratio; 
95% CI, 95% Confidence Interval.

Figure 3. Nomogram construction for the risk of FAI syndrome and performance validation. A. Construction of the 
individualized predictive nomogram for FAI syndrome. B. Bootstrap resampling (n = 1000 iterations) of the model 
for internal validations. C. Calibration curves of the nomogram’ predicted probabilities and actual outcomes. Note: 
FAI, femoroacetabular impingement; Hx_HIE, high-intensity exercise history; CE angle, center-edge angle; C-index, 
Concordance Index.
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regression analysis identified age, Hx_HIE, α 
angle, CE angle, and femoral offset as indepen-
dent predictors of FAI syndrome. Specifically, 
age of ≥32 years, the presence of Hx_HIE, 
increased α and CE angles, and reduced fe- 
moral offset were associated with an elevated 
risk of developing FAI syndrome. Patients aged 
32 or above may have a reduced tolerance of 
the hip joint to abnormal stress due to cumula-
tive microtrauma from long-term physical activ-
ity or occupational loading. In addition, aging-
related degeneration and the diminished self-
repair ability of articular cartilage may predis-
pose them to FAI syndrome. A history of high-
intensity exercise often reflects previous high-
load hip joint movements, which may produce 
repeated stress close to the physiological limit 
at the femoral head-neck junction and the ace-
tabular labrum. Over time, such repetitive 
stress may promote adaptive bony remodeling 
while simultaneously causing micro-trauma 
accumulation to the acetabular labrum, there-
by increasing the likelihood of FAI develop- 
ment. From a structural perspective, increased 
α and CE angles as well as reduced femoral  
offset represent key anatomical characteristics 
underlying FAI syndrome. These features corre-
spond to cam-type deformity characterized by 
femoral head-neck asphericity, pincer-type 
deformity characterized by excessive acetabu-
lar coverage, and insufficient femoral head-
neck offset. These pathological patterns aggra-
vate pathological mechanical conflict between 
the proximal femur and the acetabular margin, 
thus increasing the risk of FAI syndrome. 

Research on the risk factors associated with 
FAI syndrome remains limited. Uzun et al. [23] 
reported old age, higher Tonnis grade, and full-
thickness acetabular chondral lesions as risk 
factors of total hip replacement in patients  
with FAI syndrome. Ke et al. [24] further demon-
strated that FAI subtypes, BMI, hip range of 
motion, and Tonnis classification are associat-
ed with the development of hip osteoarthritis 
after arthroscopy in FAI patients. Based on the 
results of multivariate analysis, an individual-
ized predictive nomogram for FAI syndrome 
was constructed. The excellent high discrimina-
tory power demonstrated by this model is  
mainly attributed to the inclusion of key imag-
ing parameters (α angle, CE angle, and femoral 
offset), all of which are well-established diag-
nostic criteria for FAI syndrome. Therefore, the 

core value of this study lies in its integration of 
these established diagnostic criteria with clini-
cal risk factors (such as old age and Hx_HIE)  
to build a visualized and quantitative tool for 
comprehensive risk assessment.

Conclusion

Combined imaging using X-ray, CT, and MRI 
demonstrates excellent diagnostic value for 
identifying FAI syndrome and its subtypes. 
Patients with clinical features such as age  
≥32 years, history of high-intensity exercise, 
increased α and/or CE angle, and reduced  
femoral offset have an increased risk of devel-
oping FAI syndrome. Additionally, the constru- 
cted nomogram may serve as an effective tool 
to assist clinicians in identifying individuals at 
high risk of FAI syndrome. 
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