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ABSTRACT 

Background 

The relationships between the clinical and radiographic signs of 

femoroacetabular impingement (FAI) are unknown. The purpose of this study was to 

assess the relationship between hip pain, a positive anterior impingement sign (AIS), 

and radiographic signs of FAI in a general Japanese population. 

Methods 

A total of 616 individuals participated in this study. Hip pain was assessed 

using the Japanese Orthopaedic Association Hip-Disease Evaluation Questionnaire 

(JHEQ) pain category score and the AIS was used as a provocation test. Participants 

were divided into a positive AIS group (at least one positive hip) and a negative AIS 

group. Radiographs were assessed for the cross-over sign (COS), ischial spine sign 

(ISS), posterior wall sign (PWS), and pistol grip deformity (PGD). Then, the 

relationships between the clinical and radiographic signs of FAI were evaluated. 

Results 

JHEQ pain scores did not differ between men and women. Seven men 

(3.4%) and 29 women (7.1%) had a least one hip with a positive AIS. The mean JHEQ 

pain scores were 22.9 ± 7.2 for the positive and 27.3 ± 2.2 for the negative AIS group 

(P < 0.01). The prevalences of COS, ISS, PWS, and PGD were 8.9%, 17.2%, 21.8%, 

and 1.9%, respectively. There were no significant associations between degree of hip 
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pain, AIS, and each radiographic finding. 

Conclusions  

Radiographic signs of FAI were not associated with the degree of hip pain or 

a positive AIS, which suggests that radiographic findings may not be important in the 

clinical diagnosis of FAI. 
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Introduction 

Femoroacetabular impingement (FAI) was described by Ganz et al. in 2003 

[1] and is considered a risk factor for hip osteoarthritis [2]. FAI is strongly suspected 

in patients with groin discomfort or pain and limited hip motion, particularly during 

internal rotation and flexion [1]. Generally, other causes of hip pain such as hip 

dysplasia, rheumatoid arthritis, avascular necrosis of the femoral head, and fractures 

around the hip joint can be excluded. However, diagnosis of FAI can be difficult 

because its symptoms are nonspecific and the clinical signs of FAI can resemble those 

of other hip disorders [3]. The acetabular labral tears that result from FAI are caused 

by abnormal contact between the proximal femur and acetabular rim. Two types of 

impingement have been described: anterior acetabular overcoverage (pincer type) and 

deformity of the femoral head-neck junction (cam type). Many patients suffer from a 

combination of both forms of impingement (mixed type), and there are few patients 

who have purely one type of impingement [4]. 

Several provocation tests for FAI, including the anterior impingement sign 

(AIS), Faber test, resisted straight leg raise test, and posteroinferior impingement sign, 

have been described [1, 3]. However, these tests alone are not specific for FAI and 

radiographic examination is needed to make a definitive diagnosis. Radiographic signs 

of pincer type impingement include the crossover sign (COS) and ischial spine sign 

(ISS) when focal anterior acetabular overcoverage is present, while the posterior wall 
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sign (PWS) indicates focal posterior acetabular overcoverage [5-7]. However, these 

radiographic signs can be affected by pelvic tilt and rotation, and Siebenrock et al. 

reported a high false-positive rate associated with their assessment [5]. Cam type 

impingement is characterized by pistol grip deformity (PGD), which Gosvig reported 

may be underestimated based on anteroposterior radiographs of the hip [7]. 

A diagnosis of FAI requires comprehensive assessment of both clinical 

examination and radiographic findings. However, few studies have examined the 

relationships between the AIS provocation test the various radiographic findings 

associated with FAI in a general population. The purpose of this study was to 

investigate the correlation between degree of hip pain and positive AIS, and the 

associations of these clinical signs with radiographic findings in a general population 

of Japanese people. 

 

Methods 

Participants 

A total of 1167 volunteers participated in the Health Promotion Project in 

2014. This annual project has been ongoing since 2005 in a rural region, Japan. It is a 

community-based program aimed at improving average life expectancy through the 

regular performance of general health checkups for the population. All participants 

provided written informed consent, and the study was conducted with the approval of 
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the ethics committee [8, 9]. 

All participants filled out questionnaires and underwent physical 

examinations and radiographic studies of the pelvis. Exclusion criteria for this study 

were radiographic evidence of excessive pelvic rotation as assessed by asymmetry of 

the obturator foramina, history of hip joint surgery, hip osteoarthritis 

(Kellgren-Lawrence ≧ grade 2), and unevaluable radiographs [10]. A total of 616 

participants (207 males and 409 females) with a mean (± SD : standard deviation) age 

of 53.3 ± 14.8 years (range: 19–87 years) were included in this study.  

Hip Symptoms 

All participants answered the questions in the pain category of the Japanese 

Orthopaedic Association Hip-Disease Evaluation Questionnaire (JHEQ) [11]. JHEQ 

is a self-administered questionnaire that is useful for evaluating quality of life in 

patients with hip joint disease. The pain category consists of a visual analog scale 

(VAS) and six questions (Table 1). The length of the VAS is divided into five segments 

and is worth 0–4 points as follows: Up to 20 mm = 4 points, Between 21 mm and 40 

mm= 3 points, Between 41 mm and 60 mm = 2 points, Between 61 mm and 80 mm = 1 

point, More than 80 mm = 0 points. Each of the six questions has five response 

categories: “strongly agree”, “agree”, “uncertain”, “disagree”, and “strongly 

disagree”. Each response was worth 0–4 points, in increasing order starting from 

‘‘strongly agree.’’ The total points (0–28 points) were considered indicative of the 
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degree of hip pain, and higher scores indicated less pain. In this study, we used this 

JHEQ pain category scores as the evaluation of their degree of hip pain. The previous 

study indicated that the JHEQ pain subscale correlated with the pain of the Japanese 

Orthopaedic Association (JOA) hip scores, the short-form 36 health survey (SF-36) 

bodily pain subscale and the Oxford hip score (OHS) pain subscale [12]. 

Physical Examination 

The AIS was assessed in all patients and was considered positive if groin 

pain could be reliably reproduced. The participants were divided into two groups 

based on their AIS results: a positive AIS group (positive AIS in at least one hip joint) 

and a negative AIS group (negative AIS in both hip joints). Hip range of motion (ROM) 

(flexion, abduction, internal rotation, and external rotation) was measured with the 

participants in a supine position. All examinations were performed once by two 

orthopaedic surgeons (RY, YY). 

Radiographic Assessment 

Anterior-posterior radiographs of the pelvis were assessed for the COS, ISS, 

PWS, PGD, center-edge angle (CEA) and acetabular edge angle (AEA). The COS was 

considered present when the anterior rim line was lateral to the posterior rim in the 

cranial part of the acetabulum and crossed the rim to become medial in the distal part 

of the acetabulum (Figure.1-A) [6]. The ISS was defined as when the ischial spine was 

the most evident prominence along the ilioischial line (Figure.1-B) [7]. The PWS was 



 8 

defined as when the posterior wall of the acetabulum was lateral to the center of the 

femoral head (Figure.1-C) [6]. The PGD was defined as a prominent lateral offset of 

the femoral head-neck junction (Figure.1-D) [2]. The CEA and AEA were measured in 

all patients. All radiological assessments were performed by a single observer (RY). 

The radiographs were reviewed again 6 months after the first assessments by the same 

observer. 

Statistical analysis 

Statistical analyses were performed using SPSS ver. 12.0J (SPSS Inc., 

Chicago, IL, USA). The ages, JHEQ pain category scores, hip ROMs, CEA and AEA of 

participants in the positive and negative AIS groups were compared using 

Mann-Whitney U tests. Radiographic findings (COS, ISS, PWS, and PGD) were 

compared between the positive and negative AIS groups using Chi-square tests. 

Multiple regression analysis was performed with the JHEQ pain category score as the 

independent variable, and age, sex, hip ROM, AIS results, and radiographic findings 

(COS, ISS, PWS, PDG, CEA and AEA results) as dependent variables. In addition, 

logistic regression analysis was performed with the presence of AIS as independent 

variable, and age, sex, and radiographic findings as dependent variables. In all 

analyses, P-values < 0.05 were considered significant. 

 

Results 
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Hip Symptoms 

The mean total JHEQ pain category scores did not differ between the sexes 

(27.2 ± 2.9 and 27.0 ± 3.0 for men and women, respectively; p = 0.089; Table 2). The 

mean JHEQ pain category scores of the positive and negative AIS groups were 22.9 ± 

7.2 and 27.3 ± 2.2, respectively (P < 0.01; Table 3). 

Physical Examination 

There were 7 men (3.4%) and 29 women (7.1%) with at least one AIS 

positive hip and no difference between the sexes (p = 0.064; Table 2). All examinations 

of Hip ROM did not significantly differ between the positive and negative AIS groups 

(Table 3).  

Radiographic Assessment 

Radiographic findings shows Table 2. The mean CEA for women was 

significantly smaller than that for men (p < 0.01). Of the 36 participants in the positive 

AIS group, a few had radiographic findings typical of pincer type FAI; however, none 

had a positive COS, one participant (2.9%) had a positive ISS, three participants 

(8.3%) had a positive PWS, and 1 participant (2.9%) had a positive PGD (Table 3). 

The relationship between symptoms and radiographic findings 

Multiple regression analysis revealed that the JHEQ pain category 

score was were significantly negatively associated with the mean age (P = 0.008) and 

having a positive AIS (P < 0.001). There were no significant associations with sex, hip 
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ROM, or radiographic signs (Table 4).  

The relationship between AIS and radiographic findings 

Logistic regression analysis was performed to estimate the association of 

the presence of AIS with radiographic findings. The results indicated that a positive 

AIS was not associated with radiographic findings of FAI (Table 5). 

 

Discussion 

Our results showed no association of radiographic signs of FAI with degree 

of hip pain and AIS. This suggests that radiographic signs may not be important for the 

clinical diagnosis of FAI. As far as we know, this is the first study to investigate the 

association of radiographic signs of FAI with hip pain and provocation test results in a 

general population. 

In the general population represented by our study participants, 3.4% of men 

and 7.1% of women had a positive AIS. This sign has been reported to be highly 

specific and to be the test best able to diagnose acetabular labral tears [13]. However, 

few studies have reported the proportion of the general population with a positive AIS. 

Lene et al. did report that the estimated prevalence of anterior impingement in 19 year 

olds was 7.3% in men and 4.8% in women [14]. In our study, more women than men 

had a positive AIS; this may be because the pincer type of FAI occurs more commonly 

in middle-aged women [15]. 
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In our radiographic assessment of FAI signs, 55 hips (8.9%) showed a COS, 

106 hips (17.2%) showed an ISS, 134 hips (21.8%) had a PWS, and 12 hips (1.9%) 

had a PGD. Fujii et al. reported that seven (18%) of the 96 hips in a hip dysplasia 

group showed the COS [16], and Ezoe et al. found the COS in seven (6%) and a 

positive PWS in five (5%) of 112 hips in a normal hip group and a positive COS in 13 

(18%) and a positive PWS 13 (18%) of the 74 hips in a hip dysplasia group [17]. The 

positive rate for radiographic signs of FAI is greatly variable among studies because of 

the different participant populations in each study. However, there have been few 

reports of the prevalence rate of radiographic findings suggesting pincer-type FAI in 

the general population. 

This study showed no association between radiographic signs of FAI and 

physical examination findings consistent with FAI, such as a positive AIS and reduced 

hip ROM. Ranawat et al. reported a poor correlation between pain and radiographic 

signs of FAI, and patients with greater coxa profunda had less pain [18]. Lene et al. 

also reported that radiographic findings of pincer type FAI were not associated with a 

positive impingement test in young adults [14]. Our results were similar; in our study, 

almost no patients with a positive AIS had a concurrent COS, PWS, ISS, or any 

radiographic signs of pincer-type FAI. Clohisy et al. reported reduced internal rotation 

and hip flexion in symptomatic FAI patients [19]; however, we did not find a 

significant difference in hip ROM between the positive and negative AIS groups. A 
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reason for this may be that, in our study population, even when the AIS was positive 

the FAI was not severe enough to reduce hip ROM. 

It is said that the AIS is also described to have labral disorder with hip 

dysplasia [20]. In this study, the difference was not statistically significant between the 

positive and negative AIS groups in the CEA and the AEA which was used as the 

parameter of hip dysplasia. In addition, the JHEQ pain category was also not 

associated with the CEA and the AEA. However, the number of patients in dysplastic 

hips was small in this study, and further research will be necessary about the 

relationship between the AIS and hip dysplasia in a general Japanese population. 

This study had several limitations. First, all of the participants in this study 

were Japanese, and the study was performed in a limited region that may not be 

representative of Japan as a whole. Second, although JHEQ pain category scores were 

used to evaluate the degree of hip pain in this study, we do not verify the reliability and 

validity of JHEQ pain category scores. Third, radiographic findings indicative of cam 

type FAI, such as PGD, were not directly evaluated since lateral radiographs were not 

taken. Gosvig et al. suggested that examination of AP radiographs alone results in low 

rates of detection of PGD [21]. Since this study was based on data obtained during 

routine health checkups of the general population, performing lateral radiographs of 

hip was difficult. However, as described earlier, the exclusion criteria for the 

radiographs used in this study were strict. Fourth, the participants were not assessed 
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by CT scan or MRI and it is not known whether FAI was actually present. Finally, there 

was the possibility of a false positive or a false negative AIS. Despite these limitations, 

the results of this general population-based study clearly showed a lack of association 

between the radiographic signs of FAI and the degree of hip pain or the AIS. However, 

future detailed studies utilizing additional imaging techniques and provocation tests 

are needed to definitively prove this negative association. 

In conclusion, radiographic signs of FAI, including COS, ISS, PWS, and 

PGD, were not associated with hip pain assessed by the JHEQ score or with the results 

of the AIS provocation test. This suggests that radiographic findings may not be 

important in the clinical diagnosis of FAI, and may result in its overdiagnosis. When 

FAI is suspected in physical examinations, particularly with a positive AIS, we propose 

that MRI and CT should be performed for diagnosis of FAI even if radiographic signs 

of FAI are negative. 
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Figure 1A–D 

(A) The cross over sign (COS) was defined as the anterior wall (AW) line being more 

lateral than the posterior wall (PW) line in the superior part of the acetabulum and 

crossing medially. 

(B) The ischial spine sign (ISS) was defined as an evident prominence of the ischial 

spine from the ilioischial line. 

(C) The posterior wall sign (PWS) was defined as the posterior wall (PW) line running 

laterally to the center of the femoral head. 

(D) The pistol grip deformity (PGD) was defined as a prominent lateral offset of the 

femoral head-neck junction (arrow). 
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Table 1. The pain category of the Japanese Orthopaedic Association Hip Disease 
Evaluation Questionnaire (JHEQ) 

 Strongly A
gree 

A
gree 

U
ncertain 

D
isagree 

Strongly D
isagree 

1. Even when I am at rest, my hip is painful. □ □ □ □ □ 

2. My hip is painful when I sit in a chair. □ □ □ □ □ 

3. I feel pain in my hip when I start to move. □ □ □ □ □ 

4. I cannot move my hip joint freely because of the pain. □ □ □ □ □ 

5. The pain in my hip joint prevents me from moving with strength. □ □ □ □ □ 

6. Because of hip joint pain, I occasionally cannot sleep well. □ □ □ □ □ 
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Table 2. Age, degree of hip pain, AIS, and radiographic findings in male and female 
participants. 

Age and Hip symptoms Men (n = 207) Women (n = 409) 

Age (years) 52.3 ± 15 53.8 ± 15 

JHEQ pain score (points) 27.2 ± 2.9 27.0 ± 3.0 

Positive AIS (n) 7 (3.4%) 29 (7.1%) 

Radiographic Findings   

COS (n) 27 (13.0%) 28 (6.8%) 

ISS (n) 45 (21.7%) 61 (14.9%) 

PWS (n) 34 (16.4%) 100 (24.4%) 

PGD (n) 

CEA (deg) 

AEA (deg) 

10 (4.8%) 

30.6 ± 5.9 

4.9 ± 5.2 

2 (0.5%) 

29.6 ± 6.3 

4.1 ± 5.4 

JHEQ: the Japanese Orthopaedic Association Hip Disease Evaluation Questionnaire. 
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Table 3. Comparisons between the positive and negative AIS groups 

Age and hip symptoms Positive AIS  

(n = 36) 

Negative AIS 

 (n = 580) 

P value 

Age (years) 51.3 ± 16 53.4 ± 15 0.312 

JHEQ pain score (points) 22.9 ± 7.2 27.3 ± 2.2 < 0.001 

 Hip ROM (deg)     

Flexion 125.6 ± 8.3 123.2 ± 8.3 0.132 

Abduction 35.0 ± 5.4 36.4 ± 6.5 0.269 

Internal rotation 33.1 ± 11 34.6 ± 14 0.454 

External rotation 39.1 ± 8.6 41.2 ± 10 0.517 

Radiographic findings     

COS (n) 0 55 0.031 

ISS (n) 1 105 0.018 

PWS (n) 3 131 0.446 

PGD (n) 

CEA (deg) 

AEA (deg) 

1 

28.8 ± 7.0 

4.7 ± 5.3 

11 

30.0 ± 6.2 

4.3 ± 5.4 

0.710 

0.284 

0.663 
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Table 4. Relationship of the JHEQ pain category score with hip ROM, AIS, and 
radiographic findings 

 
Standard partial 

regression coefficient (β) 
P value 

95% confidence  

interval (CI) 

Age −0.112 0.008 −0.039 – −0.006 

Sex 0.008 0.833 −0.424 – 0.526 

Hip ROM    

Flexion −0.063 0.142 −0.052 – 0.007 

Abduction     −0.042 0.373 −0.061 – 0.023 

Internal rotation 0.058 0.241 −0.008 – 0.033 

External rotation 0.064 0.126 −0.005 – 0.042 

Positive rate of AIS −0.351 < 0.001 −5.336 – −3.457 

Radiographic findings    

COS 0.044 0.300 −0.403 – 1.306 

ISS −0.035 0.413 −0.922 – 0.379 

PWS 0.055 0.180 −0.182 – 0.970 

PGD −0.019 0.626 −1.997 – 1.203 

CEA 0.020 0.639 −0.030 – 0.049 

AEA 0.037 0.333 −0.021 – 0.061 
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Table 5. Relationship of the presence of AIS with radiographic findings 

 Odds ratio (OR) P value 
95% confidence  

interval (CI) 

Age 2.132 0.092 0.884 – 5.140 

Sex 0.988 0.330 0.963 – 1.013 

Radiographic findings    

COS 0.000 0.997 0.000 

ISS 0.179 0.094 0.024 – 1.343 

PWS 0.642 0.366 0.245 – 1.679 

PGD 2.153 0.489 0.245 – 18.946 

CEA 0.991 0.777 0.930 – 1.056 

AEA 1.008 0.810 0.945 – 1.075 

 
 
 


