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Abstract. Background and aim: The purpose of the study was to compare the data obtained by two independ-
ent observers and statistically analyse the results using Cohen’s K to highlight the concordance or discord-
ance in the diagnosis of normality, pathology and, in particular, the type of femoroacetabular impingement 
(FAI) on plain films. Methods: the study was conducted retrospectively. The only inclusion criterium was the 
minimum age of 20 years. All patients underwent a radiographic examination of the pelvis in standard anter-
oposterior projection in orthostasis. Results: A hundred patients were evaluated. A good concordance between 
the two operators in the examination of normal hip joint (k= 0.68 right/ 0,74 left) was found; a similar grade 
of agreement was found for the analysis of “pincer” type FAI (k = 0.73 right, 0,67 left). The best results in 
concordance were achieved in the examination of “cam” type FAI (k= 0.82 right, 0,88 left), “mixed” type FAI 
(k = 0.85 right, 0,86 left), and in findings of “coxa profunda” (k = 0.92 right, 0,88 left). Conclusion: We found 
a good concordance between the two readers; a few cases of disagreement were found in the diagnosis of 
“pincer” type FAI and absence of disease. This discrepancy may be due to the different weight given by the 
single observer to the clinical indication that leads the patient to examination, but also by the difficulty of a 
not dedicated radiologist to show some subtle signs indicative of early FAI.
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O r i g i n a l  a r t i c l e

Introduction

The femoral-acetabular impingement (FAI) is a 
movement-related hip disease that clinically occurs 
due to abnormal and early contact between the antero-
lateral portion of the femoral neck and the acetabulum, 
due to the presence of characteristic anatomical fea-
tures. The head of the femur, normally, has a spherical 
shape and articulates in the acetabulum (cup-shaped 
concavity) without friction or contact (conflicts).

FAI is divided into three types: “cam”, “pincer” 
and mixed (1).

A chronic and repetitive trauma can lead to hip 
pain and decreased function. The abnormal bony fea-
tures include cam deformity of the femoral head-neck 
junction as well as pincer lesions of the acetabulum. 
Cam deformity is an abnormal bony prominence or 
“bump” at the junction of the femoral head and neck 
resulting in an aspherical shaped head, occurring 
most commonly along the anterosuperior femoral 
head-neck area. A pincer lesion is an abnormal bony 
overhang of the anterolateral acetabular rim result-
ing in over coverage of the femoral head, which can 
also contribute to impingement and pain. Both cam 



Acta Biomed 2021; Vol. 92, N. 4: e20212192

and pincer lesions are visible on plain radiographs 
(X-ray). Patients may present with either one or both 
(mixed) morphologies, with the mixed morphology 
being the most common in symptomatic patients. 
When impingement occurs, it results in a mechani-
cal collision of the femoral cam with the rim of the 
acetabulum, which results in pinching of the labrum 
and cartilage. Over time, this can result in cartilage 
wear and tearing of the labrum (2).

The “cam” impingement is described as a flattening 
or convexity of the femoral head-neck junction. Dur-
ing leg flexion the femoral neck and the acetabulum 
show praecox contact and, due to repeated movement, 
it results in the lesion of both the femoral head-neck 
junction and the acetabulum.

The “pincer” impingement is described as exces-
sive acetabular coverage caused by an altered orienta-
tion (retroversion) of the cup, causing compression of 
the acetabular lip and its progressive degeneration.

It affects the young-adult population (14-29% of 
the population is affected), however, the prevalence is 
higher in sportive subjects, fluctuating between 75% 
and 95%, in particular considering the “cam” type.

Symptoms include hip pain, joint stiffness, flexion 
difficulty, adduction and intra-rotation movements.

The purpose of the study is to highlight the level 
of concordance in the diagnosis of (FAI) analysing the 
reports of two independent observers obtained with 
the standardized evaluation of hip x-rays.

Methods and Materials

The study was conducted retrospectively. The 
only inclusion criterium was to use the x-ray studies 
of patients with a minimum age of 20 years. The query 
retrieval included studies from April 2018 to May 
2019. Each radiogram was examined by two inde-
pendent operators. 

Study modalities and visualization method

All patients underwent a radiographic examina-
tion of the pelvis in standard anteroposterior projection 
in orthostasis (3); using OPERA Sound® equip-
ment, 100 mAs and 80 KV. The images obtained were 

displayed on the workstations of our Institute using 
dedicated software (Elios Suite Healthcare  solutions).

The radiograms of each patient were studied by 
two independent observers. Each exam was read 5 
times using 5 different standardized reports. 

The first one assessed the absence of pathological 
findings considering the head of the femur, normally, 
has a spherical shape and articulates in the acetabu-
lum (cup-shaped concavity) without friction or con-
tact (conflicts); the second evaluated the presence of 
“cam” type impingement described as a flattening or 
convexity of the femoral head-neck junction; the third 
assessed the presence of “pincer” type impingement is 
described as excessive acetabular coverage caused by 
an altered orientation (retroversion) of the cup, caus-
ing compression of the acetabular lip and its progres-
sive degeneration; the fourth evaluated the presence of 
“mixed” type impingement; the fifth, finally, assessed 
the presence of coxa profunda measuring the Wiberg 
angle (given a vertical line through the centre of the 
femoral head the Wiberg angle is described by the 
line connecting the centre of the femoral head and 
lateral acetabular border. The Wiberg angle range was 
25-40°).

Quantitative analysis criteria

The inter-observer concordance was tested using 
Cohen’s kappa (κ). 

The degrees of agreement were considered poor if 
0< (κ) <0.4, discrete if 0.4< (κ) <0.6; good if 0.6< (κ) 
<0.8 and excellent if (κ) > 0.8. The statistical signifi-
cance of the results is reported as a confidence interval.

Results

The consecutive records of 100 patients were 
included in the study. The patients’ characteristics are 
summarized in table 1.

Side concordance analysis for “Normality”

Analyzing the normality of the findings, it was 
observed that on the right side both operators identified 
41 patients as negative and 43 cases as pathological. In 
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Table 1. Patients demographic characteristics n = 100

Age average (range).
Sex male/female
Symptomatic y/n
Previous trauma y/n
Arthropathies y/n
Previous fracture y/n

68 (20-80)
47/53 
30/100
20/100
0/100
0/100

Concordance values expressed as: Cohen’s κ value; standard 
error (SE) –Confidence Interval (CI).

Normality right/left.
CAM right/left.
Pincer right/left.
Mixed right/left.
Coxa profunda right/left.

0.68; 0.073 – 0.536-0.824 / 0.74; 0.067 – 0.608-0.872.
0.82; 0.069 – 0.691-0.960 / 0.88; 0.057 – 0.772-0.995.
0.73; 0.112 – 0.515-0.955 / 0.67; 0.135 – 0.415-0.943.
0.85; 0.072 – 0.709-0.993 / 0.86; 0.066 – 0.735-0.994.
0.92; 0.040 – 0.839-0.997 / 0.88; 0.049 – 0.780-0.972.

the remaining 16 cases, observers A and B found dis-
cordant findings (8 positive cases for A were negative for 
B and vice versa). Cohen’s K analysis documented a value 
of 0.68 (SE= 0.073; confidence interval 0.536-0.824).

Analyzing the normality of the findings, it was 
observed that on the left side both operators identified 
42 patients as negative and 45 cases as pathological. 
In the remaining 13 cases, observers A and B found 
discordant findings (6 positive cases for A were nega-
tive for B and 7 cases for A were negative and posi-
tive for B). Cohen’s K analysis documented a value of 
0.74 (SE 0.067; confidence interval 0.608 to 0.872). 
(Figure. 1)

Side concordance analysis for “cam”

Taking into consideration the “cam” type impinge-
ment findings for the right side, it emerged that both 
operators identified 75 patients negative and 19 posi-
tives. In the remaining 6 cases, the observers found dis-
cordant findings (4 positive cases for A were negative for 
B and 2 cases for A were negative and positive for B).

Cohen’s K analysis documented a value of 0.82 
(SE 0.069; confidence interval 0.691 to 0.960).

Taking into consideration the “cam” type 
impingement findings for the left side, it emerged 
that both operators identified 76 patients negative and 
20 positives. In the remaining 4 cases, the observers 
found discordant findings (2 positive cases for A were 
negative for B and 2 cases for A were negative and 
positive for B). Figure 1. Normal acetabular and femoral head morphology. 

Cohen’s K analysis documented a value of 0.88 (SE 
0.057; confidence interval 0.772 to 0.995). (Figure. 2).

Side concordance analysis for “pincer”

Analyzing the normality of the findings, it was 
observed that on the right side both operators identi-
fied 87 patients as negative and 8 cases as pathological. 
In the remaining 5 cases, observers A and B found dis-
cordant findings (1 positive case for A was negative for 
B and 4 cases for A were negative and positive for B).

Cohen’s K analysis documented a value of 0.73 
(SE 0.112; confidence interval 0.515 to 0.955).

Analyzing the normality of the findings, it was 
observed that on the left side both operators identified 
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Figure 2. A “cam” type is when the impingement’s cause is a not 
perfectly spherical femoral head which causes abrasion of the 
acetabular cup when the aspheric portion engages the acetabu-
lar rim. The concordance in diagnosis in this case was high due 
to the presence of a “cam” type conflict on the left, while on the 
right a moderate to low concordance was obtained.

Figure 3. An example of “pincer” type; the acetabular excess 
coverage with early head-neck femoral and acetabulum contact 
with possible posteroinferior joint degeneration (contrecoup) 
due to a subclinical subluxation. The concordance in this case 
was moderate bilaterally because of the inherent difficulty in 
assessing a posterior-inferior conflict.

89 patients as negative and 6 cases as pathological. In 
the remaining 5 cases, observers A and B found dis-
cordant findings (2 positive cases for A were negative 
for B and 3 cases for A were negative and positive for 
B). Cohen’s K analysis documented a value of 0.67 (SE 
0.135; confidence interval 0.415 to 0.943). (Figure. 3)

Side concordance analysis for “mixed” 

By processing the data obtained by the two observ-
ers regarding the “mixed” type impingement for the 
right side, it turned out that both operators identified 
82 patients as negative and 14 cases as pathological. In 
the remaining 4 cases, observers A and B found dis-
cordant findings (3 positive cases for A were negative 
for B and 1 case for A was negative and positive for B).

Cohen’s K analysis documented a value of 0.85 
(SE 0.072; confidence interval 0.709 to 0.993).

By processing the data obtained by the two 
observers regarding the “mixed” type impingement 
for the left side, it turned out that both operators 
identified 80 patients as negative and 16 cases as 
pathological. In the remaining 4 cases, observers A 
and B found discordant findings (3 positive cases for 
A were negative for B and 1 case for A was negative 
and positive for B).

Cohen’s K analysis documented a value of 0.86 (SE 
0.066; confidence interval 0.735 to 0.994). (Figure. 4)

Side concordance analysis for “coxa profunda”

Analyzing the diagnostic findings for coxa pro-
funda it was observed that on the right side both oper-
ators identified 54 patients as negative and 41 cases 
as pathological. In the remaining 4 cases, observers A 
and B found discordant findings (2 positive cases for A 
were negative for B and vice versa).

Figure 4. The “mixed” type shows the presence of both types 
of conflict (“cam” and “pincer”). The arrow indicates the bone 
bump while the medialization of the centre of the femoral head 
in relation to the bisector line of the acetabular roof is shown.
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Cohen’s K analysis documented a value of 0.92 
(SE 0.040; confidence interval 0.839 to 0.997).

Analyzing the diagnostic findings for coxa pro-
funda it was observed that on the left side both opera-
tors identified 56 patients as negative and 38 cases as 
pathological. In the remaining 6 cases, observers A 
and B found discordant findings (3 positive cases for 
A were negative for B and vice versa).

Cohen’s K analysis documented a value of 0.88 
(SE 0.049; confidence interval 0.780 to 0.972).

(Figure. 5)

Discussion and Conclusion

Femoral-acetabular impingement is a recognized 
cause of early hip arthrosis and its diagnosis, especially 
in the early phase in young and athletic patients which 
allows the prevention of irreversible cartilage dam-
age and helps to address the patient to conservative 
therapy (4–9).

The international literature reports a prevalence of 
FAI in the general population of 10% -15%.

The consequences of FAI are constituted by 
morphological alterations of the proximal femur and 
the acetabulum with consequent anomalous contact 
between the two articular surfaces (6,10–12).

Figure 5. An example of coxa profunda. On the x-ray of the 
pelvis, it is noted that the acetabular fossa reaches or medially 
exceeds the ilio-ischial line. The finding is more evident on the 
left than on right and, as a result, a higher concordance in diag-
nosis was obtained on the left than on right.

The diagnosis, as previously discussed, is mainly 
entrusted to the radiographic examination of the pelvis 
in the anteroposterior projection and in the axial pro-
jection of the hip, to which the Dunn projection can 
be added; it represents the first level examination to 
which patients with suspected FAI must be subjected, 
allowing the identification of subtle findings indicative 
of FAI even though the typical findings of coxarthrosis 
are not present yet (7,9,13).

The radiographic examination includes the evalu-
ation of the femoral head-neck junction, the shape of 
the femoral head, the acetabular roof and its contour. 
The evaluation of the acetabular depth, the inclination 
and the antero- or retroversion of the acetabulum are 
important findings (13).

To our knowledge, in the scientific literature, the 
radiographic examination of the pelvis has a sensitivity 
of 60% and specificity of 81%, in the anterior-poste-
rior projection; sensitivity of 70-74% and a specificity 
of 63% with the axial projection of the hip and sensi-
tivity of 91-96% if the Dunn projection is added with 
88% specificity (14).

Our study highlighted data in line with those 
reported in the international literature, according to 
which the diagnostic findings of FAI, whether “cam”, 
“pincer” or “mixed” type, are quite frequent in the gen-
eral population (13).

It was found that the diagnostic findings for FAI 
“cam” type are more frequent in young male patients, 
while the diagnostic findings for FAI “pincer” type 
show greater frequency in middle-aged female patients. 
Our results are in line with the available literature. 
Gutiérrez-Ramos et al. conducted a multicentre study 
in the Mexican population and obtained comparable 
results: FAI “cam” type predominated in men on the 
right side and pincer type predominates in women on 
the left side (15).

The prevalence of cam, pincer, and combined 
pathological conditions was also studied in a meta-
analysis following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines (14). Across different studies, significant 
heterogeneity exists in the anatomical landmarks used 
to define FAI, either “cam” or “pincer” (anterior focal 
coverage, acetabular retroversion, abnormal acetabular 
index, deep coxa, acetabular protrusion, ischial spine 
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sign, crossover sign, and posterior wall sign). This 
makes the comparison between our study and the oth-
ers in the literature difficult.

Our study showed a good agreement between the 
two observers regarding the diagnosis of “normality”, 
namely the absence of pathological diagnostic find-
ings, with a Cohen’s k of 0.68 for the right side and 
0.74 for the left side. To our knowledge, no studies 
evaluate the inter-reader coherence in the definition of 
“normal” findings on plain films. 

The data showed good agreement considering the 
diagnosis of “pincer” type impingement, with a Cohen’s 
k of 0.73 for the right side and 0.67 for the left side. 

In the analysis of the indicative findings for “cam” 
and “mixed” type FAI, an excellent agreement was 
obtained. The Cohen’s k were respectively, 0.82 for the 
right side and 0.88 for the left side in “cam”, and 0.86 
for the right and 0.92 for the left side in “mixed”. 

Results of similar significance emerged from the 
comparison of the findings indicative of coxa pro-
funda, with a Cohen’s k of 0.92 for the right side and 
0.88 for the left side. 

It has been documented that the data of the two 
observers were more evident in the diagnosis of absence 
of pathology and in that of “pincer” type impingement.

This discrepancy between the two observers may 
be due to the different weight given by each of them to 
the clinical indication with which the patient arrived 
at the examination, sometimes misleading, but also to 
the difficulty of the non-dedicated radiologist to visu-
alize some subtle diagnostic signs, indicative of early 
FAI. To our knowledge, the level of concordance in 
the diagnosis of FAI on plain radiographs has never 
been evaluated. Many recent studies focus the diag-
nosis on three-dimensional reconstructions after CT 
or MR imaging. Radiographic evaluation, however, 
is more accessible and indicated as the first imag-
ing method in asymptomatic cases than the methods 
described above (16).

Our study shows a good to an optimal overall 
agreement between the two observers even if a fair 
heterogeneity of the obtained results is still present.

Our study presents some limitations: the sample 
size, despite being big enough to achieve statistical 
significance, should be implemented to evaluate if the 
lack of agreement is due to difficult FAI recognition 

in older patients. In fact, the prevalence of femoroac-
etabular conflict may increase with age. Further studies 
should be made to verify possible differences in con-
cordance for different age groups.
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