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ABSTRACT

Objective: To analyze anatomical variations of the 
proximal end of femur that could cause a femoroacetabu-
lar impact. Methods: 199 skeletically mature anatomical 
specimens of femurs were used. The femurs were measured 
in order to determine the anteversion angle of the femoral 
neck, neckshaft angle, sphericity of the femoral head at 
anteroposterior and superoinferior, angle between epiphysis 
and the anterior femoral neck, angle between epiphysis and 
the neck at lateral plane, anteroposterior distance at 5mm of 
the head and neck junction and anteroposterior distance of 
the neck base. Results: we found that the impact subgroup 

presented a significantly larger junction diameter of 5mm 
(p = 0.0001) and cam-head (%) (p= 0.0001), while base-cam 
(%) (p = 0.0001) showed a significantly smaller diameter 
than the subgroup without impact. It was identified that 
 !"#$%!&'()*'+',-'%'.!/%# !"'()*'0'12'3%4%'5&%67585%&'!/'
the optimal impact points. Conclusion: our study showed 
that the effect cam, caused by anatomical variations of the 
proximal femoral end focused the head-neck junction and 
base of the neck-junction head-neck. These rates can be 
predictive factors of the impact.
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INTRODUCTION

Primary osteoarthritis of the hip, also known as 
idiopathic, may be secondary to mechanical causes. 
It is most commonly caused by femoroacetabular 
impact in the final stages of osteoarthritis in the 
hips of both males and females(1,2). In hips with no 
dysplasia, the cause of hip osteoarthritis has been 
suggested to be repetitive microtrauma in the re-
gion of the femoral head and neck against the ac-
etabular rim(3). This leads to the cam effect, in which 
the region between the increased femoral head and 
neck collides with the edge of the acetabulum. 
Several authors have cited the relationship between hip 
osteoarthritis and the deviation of the femoral head, 
called the pistol-grip deformity, and decreased femo-
ral neck anteversion(4-7). In these circumstances, the 

reduction in space may impact during flexion, and par-
ticularly during internal rotation. These findings can be 
seen on true anteroposterior and lateral radiographs(8). 
This was demonstrated in the slippage of the proximal 
femoral epiphysis when a posterior displacement of 
the femoral head occurs and in cases of femoral neck 
fracture consolidation with mild rotation deformity(7,9). 
The objective of this study was to analyze changes in 
the femoral neck in anatomical specimens that could 
indicate the femoroacetabular impact or cam effect. 
This study protocol was approved by the Ethics Com-
mittee of the Faculdade de Medicina de Petrópolis.

METHODS

One hundred and ninety-nine femurs were used 
from the Faculdade de Medicina de Petrópolis, RJ. 
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Femurs with prior deformities, or signs of fracture or 
wear on the femoral head were excluded. One hundred 
and three of the anatomical specimens were from the 
right side and 96 were from the left. The femurs were 
measured to determine the angle of femoral neck ante-
version (FNA), cervico-diaphyseal angle (CD), sphe-
ricity of the femoral head from the anteroposterior 
and superior-inferior, the angle between the epiphysis 
and the anterior femoral neck, the angle between the 
epiphysis and the neck in profile, the anteroposterior 
distance 5mm from the junction of the head and neck, 
and the anteroposterior distance from the base of the 
neck. All these distances and angles were measured with 
a caliper and goniometer. Table 1 provides the means, 
standard deviations (SD), medians, and minima and 
maxima of the measurements and angulations of the 
femora of the total sample.

The anatomical specimens were separately ana-
lyzed by three evaluators to observe the frequency 
of impacted bone according to the evaluator and the 
number of evaluators. Tables 2 and 3 show the fre-
quency (n) and percentage (%) of impacted bone by 
evaluator and number of evaluators, respectively.

Table 1 – Overview of the measurements and angulations of 
the femora.

Variable n Mean SD Median Minimum Maximum

FNA angle 199 10.8 5.8 10 -2 32

CD angle 199 127.0 6.0 128 110 145

AP sphericity 199 44.0 3.3 44 33.5 54

SI sphericity 199 43.5 3.5 44 33 54

5 mm diameter 

head-neck junction
199 33.1 4.0 34 23 42

Diameter base-neck 199 25.6 2.4 25 19.5 34

Head-neck AP 

angle
199 95.0 7.5 94 78 121

Head-neck profile 

angle
199 93.0 6.9 92 75 118

SD – Standard deviation

Source: Faculdade de Medicina de Petrópolis

Table 3 – Frequency of impacted bone according to the number 

of evaluators.

Impacted bone n %

No impacted bone 119 59.8

By one evaluator 48 24.1

By two evaluators 21 10.6

By three 

evaluators
11 5.5

Source: Faculdade de Medicina de Petrópolis

Statistical Methodology

Statistical analysis was performed using the Mann-
Whitney test to test for differences in the measure-
ments and angulations of femurs between two sub-
groups, with and without impacted bone, according 
to three evaluators. A nonparametric test was used 
since the measurements and angulations did not have 
a normal distribution (Gaussian distribution) due to 
the dispersion of data and/or lack of symmetry of 
the distribution. The criterion for determining signifi-
cance was set at 5%.

RESULTS

This study aimed to draw a general profile of 199 
femurs. The percentages between the cam and the 
head, the base of the femoral neck and the cam, and 
the base of the femoral neck and head are shown in 
Table 4, in Figures 1 (a and b) and 2 (a and b).

Our second objective was to test for significant 
differences in the measurements and angulations of 
femurs between subgroups with and without impacted 
bone. The classification of impacted bone was calcu-
lated using three criteria:

– Impact- 1: at least one evaluator described the 
presence of impacted bone (80 bones);

– Impact- 2: at least two evaluators described the 
presence of impacted bone (32 bones); 

– Impact- 3: all three evaluators described the pres-
ence of impacted bone (11 bones).

We use the impact - 2 classification where two 
evaluators reported the presence of impacted bone in 
the same anatomical specimen.

Table 5 provides the mean, standard deviation 
(SD), median, minimum and maximum measure-
ments and angulations of the femurs, according to 
the subgroup (with and without impacted bone) and 
the corresponding descriptive level (p) of the Mann-
Whitney test for impact-2.

Table 2 – Frequency of impacted bone according to the evaluator.

Evaluator n %

1 23 11.6

2 45 22.6

3 55 27.6

Source: Faculdade de Medicina de Petrópolis
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Figure 1b – Photograph of the same specimen.

Figure 2a – Tomographic slice of a specimen without anterior 

impacted bone, where A: head and base of the femoral neck; B: 

head and cam, and C: base of the femoral neck and cam.

Figure 1a – Tomographic slice of a specimen with anterior impac-

ted bone, where A: head and base of the femoral neck; B: head 

and cam, and C:  base of the femoral neck and cam. Figure 2b – Photograph of the same specimen.
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Table 4 – Description of the ratios between the variables.

Variables n Mean SD Median Minimum Maximum

CAM – HEAD (%) 199 75.3 6.9 76 57.5 92.2

BASE – CAM (%) 199 77.8 7.7 78.3 58.8 96.2

BASE – HEAD (%) 199 58.2 4.4 57.8 44.7 72.7

SD = Standard deviation

Source: Faculdade de Medicina de Petrópolis

The impacted bone subgroup was observed to have 
an SI sphericity (p = 0.040), a diameter of 5 mm (p = 
0.0001) and a significantly larger cam-head (%) (p = 
0.0001) and a significantly smaller base-cam (%) (p 
= 0.0001) than the subgroup without impact-2. There 
is no difference at the 5% significance level between 
the two subgroups for the other measures studied. 

Our third objective was to identify the optimal 
cut-off point for the 5 mm diameter to the head-neck 
junction, cam-head (%) and base-cam (%) related to 
impact. The ROC (receiver operator characteristic) 
curve expresses the relationship between sensitivity 
and specificity, and can be used to choose the best cut-
off point. In this study sample, according to the ROC 
curve, we found that 5 mm diameter to the head-neck 
9:6 75;6'+'2<=<>' !"#$%!&'()*'+',-'!6&'.!/%# !"'()*'
0'12'3%4%'7$%';?75"!@'?;567/'8;4'7$%'5"?! 7'!  ;4&56A'
to criterion 2.

Table 6 provides measurements accuracy for the 
cut-off of 5 mm diameter to the head-neck junction, 
cam-head (%), and impact.

DISCUSSION

The measures tested here had as their main objec-
tive to identify and quantify the abnormal contour of 
the head-neck junction and the possible variations 
observed between the femoral head and neck. Using 
these measures, differences were observed between 
groups with and without changes in the anterior re-
gion within the head and neck junction.

Abnormalities within the head-neck junction in 
skeletally mature individuals have been associated 
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Table 5 – Statistical analysis of measurements and angulations of femurs according to impact-2.

Variable Impact-2 n Mean SD Median Minimum Maximum p

FNA angle yes 32 12.1 5.9 10 2 28
0.25

no 167 10.6 5.8 10 -2 32

CD angle yes 32 128.3 5.6 128 111 140
0.20

no 167 126.8 6.1 128 110 145

AP sphericity yes 32 45.0 2.3 45 40 50
0.058

no 167 43.8 3.4 44 33.5 54

SI sphericity yes 32 44.5 2.9 45 38 50
0.040

no 167 43.3 3.6 44 33 54

5 mm diameter head-neck junction yes 32 37.0 2.8 37 30 42
0.0001

no 167 32.4 3.8 32.2 23 40

Diameter base-neck yes 32 26.3 2.7 26 19.5 34
0.054

no 167 25.4 2.3 25 20 32

Head-neck AP angle yes 32 93.2 8.9 93 80 121
0.18

no 167 95.3 7.2 94 78 116

Head-neck profile angle yes 32 91.6 8.0 93 75 108
0.45

no 167 93.3 6.6 92 76 118

Cam-head (%) yes 32 82.3 4.8 82.6 69.8 92.2
0.0001

no 167 74.0 6.5 73.9 57.5 89.5

Base-cam (%) yes 32 71.1 6.3 68.4 60.2 87
0.0001

no 167 79.1 7.2 79.4 58.8 96.2

AP/SI yes 32 1.013 0.037 1 0.978 1.158
0.48

no 167 1.012 0.030 1 0.950 1.158

Base/Head (%) yes 32 58.4 4.3 57.3 45.3 68
0.91

no 167 58.2 4.4 58 44.7 72.7

SD: Standard deviation

Source: Faculdade de Medicina de Petrópolis

with osteoarthritis of the hip(4,6,7,10,11). As long as pa-
tients have no history of hip disease, the etiology of 
the deformity remains uncertain, but several research-
ers have linked subclinical displacement of the femo-
ral epiphysis with the risk of osteoarthritis(5,7,11,12). 
Stulberg et al.(11) introduced the term pistol-grip de-
formity to describe the radiographic appearance of 
the abnormal head-neck in the anteroposterior view. 
They noted that this deformity is found predominantly 
in active males and is present in many patients with 
so-called idiopathic arthritis, but did not, however, 

elucidate the pathological mechanism involved. Goo-
dman et al.(7) showed that the main deformation in 
the subclinical displacement of the femoral epiphysis 
is in the sagittal plane, predominantly anterior, and 
that without a quantitative or objective definition, de-
scriptions such as pistol-grip and post-slip cannot be 
used to determine the severity of the deformity or to 
distinguish normal from pathological forms. In our 
study, of the 199 anatomical specimens analyzed, no 
significant deviation was found between the femoral 
head and neck that would justify anterior impact and 
therefore be the main factor in the development of 
osteoarthritis.

Crestani et al.(2) demonstrated that the axis of the 
femoral neck clearly shows how changes in its con-
tour can affect the function of the articular surface of 
the femoral head. Enlargement of the anterior neck 
reduces the anatomic concavity of the neck, which 
may cause impact. To date, an acceptable method for 
identifying hips that are at risk or criteria demonstrat-
ing the abnormal relationship between the head and 
neck have not been defined. Lateral radiographs are 

Table 6 – Measures of accuracy of 5 mm diameter to the head-

-neck junction, cam-head (%), and base-cam (%) for the clas-

sification of impact.

Measure
Sensitivity 

(%)

Specificity 

(%)
+PV (%) -PV (%)

Accuracy 

(%)

5 mm diameter 

  35,5
71.87 76.05 36.51 93.38 75.38

Cam-head 

  80%
78.12 81.44 44.64 95.10 80.90

Base-head 

! 73%
71.87 76.65 37.10 93.43 75.88

+PV: positive predictive value

-PV: negative predictive value

Source: Faculdade de Medicina de Petrópolis



124

 1.  Murphy S, Tannast M, Kim YJ, Buly R, Millis MB. Debridement of the adult hip 

for femoroacetabular impingement: indications and preliminary clinical results. 

Clin Orthop Relat Res. 2004;(429):178-81.

 2.  Crestani MV, Telöken MA, Gusmão PDF. Impacto femoroacetabular: uma 

das condições precursoras da osteoartrose do quadril. Rev Bras Ortop. 

2006;41(8):285-93.

 3.  Ganz R, Parvizi J, Beck M, Leunig M, Notzli H, Siebenrock KA. Femoroaceta-

bular impingement: a cause for osteoarthritis of the hip. Clin Orthop Relat Res. 

2003;(417):112-20.

 4.  Tönnis D, Heinecke A. Acetabular and femoral anteversion: relationship with 

osteoarthritis of the hip. J Bone Joint Surg. Am 1999;81(12):1747-70.

 5.  Murray RO. The aetiology of primary osteoarthritis of the hip. Br J Radiol. 

1965;38(455):810-24.

 6.  Solomon L. Patterns of osteoarthritis of the hip. J Bone Joint Surg Br. 

1976;58(5):176-83.

 7.  Goodman DA, Feighan JE, Smith AD, Latimer B, Buly RL, Cooperman DR. 

Subclinical slipped capital femoral epiphysis: relationship to osteoarthrosis of 

the hip. J Bone Joint Surg Am. 1997;79(10):1489-97.

 8.  Eijer H, Leunig M, Mahomed MN, Ganz R. Crosstable lateral radiograph for 

screening of anterior femoral head-neck offset in patients with femoro-acetabular 

impingement. Hip Intern. 2001;11:37-41.

 9.  Leunig M, Casillas MM, Hamlet M, Hersche O, Notzli H, Slongo T, et al. Slipped 

capital femoral epiphysis: early mechanical damage to the acetabular carti-

lage by impingement of the prominent femoral metaphysis. Arta Orthop Scand. 

2000;71(4):370-5.

10.  Murray RO. The aetiology of primary osteoarthritis of the hip. Br J Radiol. 

1965;38(455):810-24.

11.  Stulberg SD, Cordell LD, Harris WH, Ramsey PL, MacEwen GD. Unrecognized 

childhood hip disease: a major cause of idiopathic osteoarthritis of the hip. In: 

The Hip. Proc 3rd meeting of The Hip Society. St Louis: CV Mosby Co.; 1975. 

p.212-28.

12.  Ito K, Minka MA 2nd, Leunig M, Werlen S, Ganz R. Femoroacetabular impinge-

ment and the cam-effect: a MRI-based, quantitative anatomical study of the 

femoral head-neck offset. J Bone Joint Surg Br. 2001;83(2):171-6.

13.  Shrader MW, Sucato DJ. Surgical dislocation with trochanteric osteotomy: 

a surgical approach for femoroacetabular impingement. Curr Opin Orthop. 

2005;16(6):439-44.

14.  Meyer DC, Beck M, Ellis T, Ganz R, Leunig M. Comparison of six radiographic 

projections to assess femoral head/neck asphericity. Clin Orthop Relat Res. 

2006;(445):181-5.

15.  Eijer H, Leunig M, Mahomed MN, Ganz R. Cross-table lateral radiograph for 

screening of anterior femoral head-neck offset in patients with femoro-acetabular 

impingement. Hip Intern. 2001;11:37-41.

16.  Nötzli HP, Wyss TF, Stoecklin CH, Schmid MR, Treiber K, Hodler J. The contour 

of the femoral head-neck junction as a predictor for the risk of anterior impin-

gement J Bone Joint Surg Br. 2002;84(4):556-60

REFERENCES

Rev Bras Ortop. 2009;44(2):120-4

used to quantify the offset of the anterolateral por-
tion in the cephalocervical-femoral junction and to 
assess the sphericity of the femoral head(13). Meyer 
et al.(14) concluded that the Dunn view with 45° and 
90° and lateral cross-table view are more accurate for 
this evaluation. The offset is measured in the cross-
table view using the method described by Eijer et 
al.(15). Murray(5) used anteroposterior radiographs to 
characterize the tilt deformity of the femoral head. 
He drew a line in the axis of the femoral neck using 
the midpoint between the trochanter and the narrow-
est portion of the femoral neck as demarcations and 
then calculated the ratio of the femoral head, divid-
ing the width of the head by the axis. The critique of 
this technique is that it did not distinguish between 
standards for a normal and abnormal femoral head-
neck junction. In their technique, Nötzli et al.(16) used 
magnetic resonance imaging to draw a line in the nar-
rowest region of the femoral neck to the center of the 
femoral head. After the anterior margin is defined, it 
is measured by the alpha angle. In addition, the width 
of the head-neck junction is measured in two different 

places. Using this technique, they demonstrated that 
there was significantly less concavity at the femoral 
head-neck junction in patients with impacted hips 
than in normal hips(16).

Our results demonstrated that in the 199 anatomi-
cal specimens, the subgroup classified as having 
impacted bone had 5 mm diameter to the head-neck 
junction (p = 0.0001) and significantly higher head-
neck percentage (p = 0.0001), than the group without 
impacted bone.

In this sample, we also observed that, according 
to the ROC curve, the specimens with a ratio of 80% 
or more to the head-neck and a ratio of 73% or less 
between the head-neck junction and the base of the 
femoral neck present the possibility of developing an 
impacted femur.

CONCLUSION

Our study showed that the cam effect, caused by 
anatomical variations of the proximal femur, was loca-
@5B%&'!7'7$%'$%!&#6% C'9:6 75;6'()*'+',-'!6&'7$%'.!/%'
;8' 7$%'6% C'!6&'$%!&#6% C'9:6 75;6'()*'0'12='D$%/%'
indices may be predictive factors of impacted bone.
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