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- ABSTRACT -

The prevalence of cam deformity of the hip in asymptomatic adults
using computed tomography.
Purpose: Femoroacetabular impingement (FAI) which restricts range of hip motion is
regarded as an important cause leading to early development of degenerative arthritis.
Although three-dimensional imaging such as CT and MRI are regarded as precise imaging
modalities for three dimensional morphology of FAI, the modalities have several limitations
for screening tool in out-patient clinic. The paucity of morphologic data of FAI in Korean
makes it difficult to choose which method of radiograph is the most useful to screen out
general orthopedic problems. We postulated the distribution of cam deformity have
individual variation in Korean population. Thus we investigated the distribution of cam
deformity in asymptomatic Korean population.

Materials and Methods: From Jan 2011 to Dec 2015, hip CT images of 120 subjects
without any history around hip joint were evaluated. A computer program which
reconstructs three dimensional model from CT scan was used to provide sectional images
which cross the central axis of femoral head and neck. Alpha angle was measured in each
sectional images. Alpha angle above 55 degrees were regarded as cam deformity.

Results: Mean alpha angle was 43.5°(34.7-56.1°) in 3 o’clock, 51.24°(39.5-58.8°) in 2
o’clock, 52.45° (43.3-65.5°) in 1 o’clock, 44.09°(36.8-49.8°) in 12 o’clock, 40.71°(33.545.8°) in 11 o’clock, 39.21°(34.1-44.6°) in 10 o’clock. Alpha angle in 1 and 2 o’clock was
i

significantly larger than any locations (P<0.01). The prevalence of cam deformity was 15%
and 15.8% in 1 and 2 o’clock, respectively.

Conclusion: Cam deformity of FAI was observed on 25.8% of asymptomatic hip. The
most common region of cam deformity was antero-superior area of femoral head-neck
junction (1 and 2 o’clock). The present study first reported the prevalence and the
distribution of cam deformity in asymptomatic Korean population. The results would provide
anatomical comprehension of cam deformity for diagnosis and surgical treatments.

Key words: Femoroacetabular impingement. Cam deformity. reconstructs three dimensional.
Alpha angle. antero-superior area
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I. INTRODUCTION

The design concept of femoroacetabular impingement (FAI) was first described by Ganz
et al. in 1991(Ganz et al., 1991). FAI is when the hip joint is due to abnormal of the hip,
when the hip joint movement it refers to the impingement between the acetabulum rim and
head-neck junction. Three types of FAI are recognized. The first involves an excess of bone
along the upper surface of the femoral head, known as a Cam deformity. The second is due
to an excess of growth of the upper lip of the acetabular cup and is known as a 'Pincer'
deformity. The third is a combination of the two. However, the diagnosis is often difficult,
and radiographic evaluation is controversial. Studies have suggested that 'Cam' deformities
are more common in the male, while 'Pincer' deformities are more common in females.
However, the most common situation, approximately 70%, is a combination of both (Beck et
al., 2005; Bardakos and Villar, 2009). It is known to cause functional artefacts such as
reducing the range of motion of the hip joint as a cause of premature arthritis of the hip joint
(Ganz et al., 2003; Kubiak-Langer et al., 2007; Bardakos and Villar, 2009). Especially, it is
known to occur in professional athletes who move the hip joint excessively (Anderson et al.,
2001) (Siebenrock et al., 2011). It is thought that it will occur in the general people who do
yoga and pilates that flexion and internal rotation the hips excessively.
FAI has been pointed out as an important cause of hip joint pain in young adults and it has
been pointed out as a possible cause of degenerative arthritis of the hip joint (Ganz et al.,
2003; Beck et al., 2005), and the prevalence rate is 10-15% (Leunig and Ganz, 2005). In
recent years, FAI has emerged as a cause of hip joint pain and degenerative arthritis in people
who are relatively young and excessively sports person in Korea, so early diagnosis and
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proper treatment of this disease can prevent the development of degenerative osteoarthritis
(Clohisy et al., 2010).
The alpha angle is one of the widely used index for evaluating deformity of the femoral
head-neck junction, is determined as Cam type FAI if the alpha angle value is greater than
55 ° (Notzli et al., 2002). Recently, it has been reported that alpha angle was measured by
dividing the femoral head-neck junction into several sections in order to know the
morphological abnormality of the femur three-dimensionally using proximal femoral CT or
MRI images, but this is a study of Westerners (Dudda et al., 2009; Rakhra et al., 2009; Van
Houcke et al., 2015). In Korea, there have been studies to investigate the prevalence of FAI
by radiographs, and the results of the prevalence have been reported, but the morphological
abnormality of the femoral head-neck junction has not been analyzed in three dimensions
(Kim et al., 2015; Ahn et al., 2016). In conclusion, there is a lack of data on FAI of normal
adults in Korea and lack of data related to the findings of plain radiography.
The authors used computed tomography (CT) images of patients without symptoms: (1)
frequency of radiologic findings of hip joint Cam type in asymptomatic adults, (2) when the
femoral head is observed in the three-dimensional to investigate the distribution of the Cam
type, (3) to investigate the frequency difference between male and female of radiological
findings of Cam type deformity.
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II. Materials and Methods

A. Materials

From Jan. 2011 to Dec. 2015, we performed CT using a patient who visited the
orthopedic department of Ajou University Hospital, Suwon, Korea for trauma. The subjects
were 60 men and 60 woment under 55 years old. The purpose of this retrospective study was
to investigate the clinical characteristics of the patients who were diagnosed as degenerative
osteoarthritis and osteonecrosis of the femoral head, LCP (Legg-Calve-Perthes), DDH
(Developmental Dislocation of the Hip) patients were excluded from the study. The average
age of the patients was 38.5 years (20-54 years), the height was 166.4cm (147-186cm), the
weight was 62.5kg (38-95kg) and the BMI was 22.4 (15.2-30.5)(Table1).

B. Methods
CTs were scanned use of a 64-slice CT scanner (Brilliance 64, Philips, Israel;
Somatom definision flash and edge, Siemens, Germany). The scanning parameters
were as follows: 120 kV, 300 mAs, 64 * 0.625mm, rotation time: 0.75 ; A slice
thickness was 3mm.)
The CT images selected by the PACS (Picture Archiving Communications System)
were transferred to the INFINITT Xelis (VERSION: Xelis 1.0.6.2BN13) 3D program. The
proximal femur was reconstructed at intervals of 30 degrees around the line connecting the
center of the head and the center of the neck. The proximal femur, including the head, was
-3-

seen at 12 o'clock when standing sideways. The superior part of the femur was 12 o'clock,
the anterior part was 3 o'clock, and the posterior part was 9 o'clock (Fig 1). The alpha angle
in each section was measured. The alpha angle is formed by the axis of the femoral neck
(AB) and a line (AC) drawn from the femoral head center to the point where the head
extends beyond the margin of the best-fit circle (Fig2) (Notzli et al., 2002; Kang et al., 2010;
Schmitz et al., 2013). Alpha angle above 55 degrees were regarded as cam deformity.

C. Statistical analysis
Each data was statistically analyzed using SPSS (version 22 SPSS Inc, Chicago,
Illinois) statistical program. The mean and standard deviation of each analysis were
expressed in terms of type and range (95%). The difference between the sexes was
determined using the independent sample T test. P values of 0.05 or less were considered
statistically significant.
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Table 1: The Subjects’ Demographic Data
M(60)

F(60)

Age

37.5±8.9(20-54)

39.5±9.6(20-54)

38.5±9.2(20-54)

Height(cm)

172.5±6.4(160-186)

160.0±5.3(147-173)

166.4±8.6(147-186)

Weight (kg)

71.1±10.1(48.2-95.0)

53.6±7.9(38.0-77.0)

62.5±12.6(38.0-95.0)

BMI

23.8±2.6(18.7-30.4)

20.9±2.8(15.2-30.5)

22.4±3.1(15.2-30.5)

-5-

Total(120)

Fig 1A-B: (A) The radial CT image, which are perpendicular to the femoral headneck axis, are defined on a sagittal oblique localizer. (B) The radial cuts rotate
clockwise in 30°-intervals around the femoral head-neck axis. The alpha angle
measurements were performed throughout the cranial hemisphere form 10 o’clock to
3 o’clock.
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Fig 2: The alpha angle is formed by the axis of the femoral neck (AB) and a line
(AC) drawn from the femoral head center to the point where the head extends
beyond the margin of the best-fit circle.
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III. RESULTS

Of the 120 patients, 60 were males and the mean age was 37.45 ± 9.03 (19-54 years), 60
were females and the mean age was 39.51 ± 9.61 (20-54 years), smaller than the males, but
there was no statistically significant difference.
When we look at the results of the clockwise system used by the author’s methods, the
mean value of the alpha angle from 3 to 10 o'clock is greater for men than women for each
region. There was no statistically significant difference in the remaining parts except 3 and
10 o'clock (Table2).
Mean alpha angle was 43.5°(34.7-56.1°) in 3 o’clock, 51.24°(39.5-58.8°) in 2 o’clock,
52.45° (43.3-65.5°) in 1 o’clock, 44.09°(36.8-49.8°) in 12 o’clock, 40.71°(33.5-45.8°) in 11
o’clock, 39.21°(34.1-44.6°) in 10 o’clock (Fig 3). Alpha angle in 1 and 2 o’clock was
significantly larger than any locations (P<0.01) (Table 3).
The prevalence of cam deformity was 15%, 15.8% and 3.3% in 1, 2 and 3 o’clock,
respectively. Among them, 18.3% (11 cases), 21.6% (13 cases) and 6.6% (4 cases) were
males respectively, and 11.6% (7 cases), 10% (6 cases) and 0% were females, the prevalence
of males was higher than females (Table 4). The prevalence of atypical abnormalities was
25.8% (31 cases), male 15.8% (19 cases) and female 10% (12 cases) (Table 5). In addition, 8
cases were reported in which two or more region cam type deformations were observed.
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Table2: Mean alpha angle at 10:00h to 3:00h locations by sex and total.
M

F

Total

P Value
(M vs. F)

N

60

60

120

10:00 (°)

39.71±2.36(34.8-44.6)

38.69±2.26(34.1-42.6)

39.21±2.35(34.1-44.6)

0.029

11:00 (°)

41.05±2.24(36.5-45.6)

40.35±2.36(33.5-45.8)

40.71±2.31(33.5-45.8)

0.129

12:00 (°)

44.34±2.32(39.4-49.8)

43.83±2.65(36.8-49.4)

44.09±2.49(36.8-49.8)

0.310

1:00 (°)

53.17±4.27(47-65.5)

51.71±4.21(43.3±65.1)

52.45±4.28(43.3-65.5)

0.090

2:00 (°)

51.7±4.86(39.6-58.8)

50.77±4.04(39.5-58.3)

51.24±4.48(39.5-58.8)

0.304

3:00 (°)

44.52±5.71(34.7-56.1)

42.45±4.04(36.1-52.7)

43.5±5.05(34.7-56.1)

0.040

Table3: Mean alpha angle at 1:00 and 2:00 compare each area.
Radial image

1:00(52.45°)

P Value

Radial image

P Value

10:00(39.21°)

0.000

10:00(39.21°)

0.000

11:00(40.71°)

0.000

11:00(40.71°)

0.000

12:00(44.09°)

0.000

12:00(44.09°)

0.000

2:00(51.24°)

0.664

1:00(52.45°)

0.664

3:00(43.50°)

0.000

3:00(43.50°)

0.000

2:00(51.24°)
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Fig 3: Mean alpha angle at 10:00h to 3:00h.

Table 4: Number and distribution of cam abnormalities according to sex.
Sex

10:00

11:00

12:00

1:00

2:00

3:00

Least one

M

0

0

0

11

13

4

19(15.8%)

F

0

0

0

7

6

0

12(10%)

Table 5: Distribution of Alpha angle＞55° relative to radial image location.
10:00

11:00

12:00

1:00

2:00

3:00

Male

0(0%)*

0(0%)*

0(0%)*

11(18.3%)*

13(21.6%)*

4(6.6%)*

Female

0(0%)*

0(0%)*

0(0%)*

7(11.6%)*

6(10%)*

0(0%)*

N(Total)

0(0%)†

0(0%)†

0(0%)†

18(15%)†

19(15.8%)†

4(6.6%)†

()*: Prevalence in each gender, ()†: Prevalence in total subjects
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Ⅳ. DISCUSSION
Plane radiography is the first screening test for suspected femoracetabular-impingement.
Through this, it is determined whether there is a structural abnormality of the bone in the
femoral head-neck junction. Physical examination revealed pain in the examination of the
hip joint femoral acetabulum, loss of spherical head due to bony prominence of the femoral
head, or morphological abnormality that could cause collision because the acetabulum overly
covers the femoral head, the disease can be diagnosed clinically. However, there are cases in
which asymptomatic patients are observed among radiologically abnormal findings of the
hip joint. Therefore, clinical evaluation, physical findings and comprehensive judgment are
required for the diagnosis of femoracetabular-impingement.
MRI and MRA (arthrography) are known to help identify acetabular rupture or other
lesions within the hip joint. CT scans are more accurate than MRI in assessing
morphological anomalies because they can observe bone abnormalities three-dimensionally.
The use of 3D-CT reconstruction provides the operator with the additional advantage of a
visual assessment of a cam lesion. Unlike plain radiographs, CT allows more consistent
positioning of the patients, better image quality and more reliable readings (Biswas et al.,
2009; Dolan et al., 2011). The main disadvantages in using CT as a supplementary
investigation are the additional costs and the increased radiation exposure to the
patient(Biswas et al., 2009). This study was carried out with CT in order to observe the
morphological abnormality of bone three dimensionally.
Surgical treatment of FAI is aimed at making the abnormal shape of the hip normal, and it
is the cause of arthritis when not treated surgically. Therefore, it is suggested that surgical
correction is needed(Ganz et al., 2003).
This surgical method is an open surgical method that exposes the surgical site by incising
- 11 -

the affected part. Such surgery has problems such as the risk associated with exposure of the
hip during surgery, nonunion of the electronic part, and late recovery period.
The purpose of arthroscopic treatment is to proceed through a process similar to open
surgery. It is difficult to accurately identify the anatomical structure of the surgical site and to
confirm the position of the surgical tool within the hip. In contrast, since the incision site is
small, there is less damage to the lesion and less bleeding, Arthroscopic treatment is
continuously expanding because of its short duration and low complication rate(Sampson,
2006). This is the first comprehensive study using reformatted CT which would provide
valuable data for surgeons performing open or arthroscopic bumpectomy.
In order to know the morphological abnormality of the femoral head-neck junction in
three dimensions, previous study comparing angles according to positions by rotating the
cross section measuring the alpha angle. It is known as an anterior-superior region, and to
occur mainly when the hip joint is flexion or internal rotational (Ito et al., 2001; Lavigne et
al., 2004).
We identified the mean value of alpha angle in Korea patients at the anterior (3:00),
anterior-superior (2:00 and 1:00) and superior (12:00) region. According to previous reports
that the alpha angle at the anterior-superior region using radial images is relatively large and
shows the best differential between normal and abnormal hips (Hack et al., 2010; Kang et al.,
2010; Chakraverty et al., 2013; Khan and Witt, 2014; Mimura et al., 2015). Khan and Witt
evaluated the size and location of measurements of the alpha angle using CT scans in 42
patients with cam-type FAI and showed that the greatest alpha angle was found at the 2
o’clock region, followed by the 1 o’clock region(Khan and Witt, 2014). Our results also
revealed similar propensity: greater values of alpha angle and higher abnormal rates in the
one and two o’clock region than in the three o’clock and twelve o’clock region.
Rakhr et al. measured the alpha angle at four regions by rotating the head-neck axis using
- 12 -

MRI images. It was confirmed that the region where the maximum alpha angle is distributed
is between the anterior part and the superior part (1 and 2 o’clock). Mean alpha angle was
64.7° (44.2-99.7°) in 1 o’clock, 65.9° (44.2-99.3°) in 2 o’clock, respectively (Rakhra et al.,
2009). Hack et al. Reported 400 cases of both hip joints in 200 normal adults who had no hip
disease or pain and had no surgical treatment. Alpha angles were measured at the anterior (3
o'clock) and anterior-superior (1 o'clock). The average alpha angle was 40.78°(27 ° -69.9 °)
in the anterior region and 50.15 ° (32.6 ° -76.3 °) in the anterior-superior region (1:30)(Hack
et al., 2010). Sutter et al. reported that the alpha angle of the anterior-superior region of the
femur was the largest at 53.3 ° after five-point rotation of the head-neck axis in normal adults
without hip joint pain (Sutter et al., 2012). The authors' study also compared the angles of the
six regions measured by rotating the head-neck axis. The results showed that the alpha angle
of the anterior-superior region was (1:00: 52.45 °, 2:00: 51.24 °), this is the largest value,
which is consistent with previous studies. However, the authors' study showed that the angle
of the head was rotated in six regions by rotating the head-neck axis, which is the first
reported study of asymptomatic adults in Korea.
According to Siebenrock et al. and Agricola et al., the prevalence of Cam-type FAI was
reported to be more common in men than in women, which is reported to be related to
differences in femoral anatomical features of males and females and excessive exercise in
adults (Siebenrock et al., 2011; Siebenrock et al., 2013; Agricola et al., 2014). The authors
also found that the frequency of Cam-type deformity was 15.8% for males and 10% for
females, which is consistent with previous studies.
Van Houcke et al. in a study of normal Asian adults and normal European adults with no
hip pain reported that the mean alpha angle of the anterior-superior (1:30) was 52 ° for Asian
men and 49 ° for women (P <0.001), and 56 ° for European men and 56° for women (P =
0.01), respectively. The prevalence of Cam type FAI (alpha angle> 55 °) was reported to be
- 13 -

22% in Asian males and 15% in females and 35% in European males and 32% in females.
There was a statistically significant difference in alpha angle between Asian males and
females, while there was no statistically significant difference in alpha angle between males
and females in Europe (Van Houcke et al., 2015). In the present study, the average alpha
angle of males was higher than that of females at 1 o'clock, 2 o'clock, but there was no
statistical difference. The frequency of Cam-type deformity was 18.3% for males and 11.6%
for females at 1 o’clock and frequency of Cam-type deformity was 21.6% for males and 10%
for females at 2 o'clock. These results are similar to the prevalence of FAI of Cam deformity
in Asian adults. However, the prevalence of FAI in Cam variants in European adults is
smaller than that in adults. This is thought to be related to race differences.
Nepple et al. [26] compared the CT images with the radiographs (pelvic AP view, 45 °
Dunn, frog leg lateral view) by dividing the superior part of the femur and the anterior part
of the femur in 30 ° intervals using a clock system. The pelvic AP view, Dunn view and the
frog leg lateral view were consistent with the angle of the superior region of the femur, the
anterior-superior region, and the anterior region, respectively, and we could diagnose the
Cam type FAI using three simple radiographs rather than CT with severe radiation exposure
(Nepple et al., 2013). We did not compare the radiographs with the radiographs of the thighs.
However, we used CT of the normal adult in Korea to view the morphological anomalies of
the thighs in three dimensions and report the normal range at each site.
Most studies on FAI have focused on symptomatic patients (Takeyama et al., 2009;
Fukushima et al., 2014). However, recent data based on CT images in asymptomatic Asian
patients show high prevalence of FAI. Kim et al. reported that 18% of patients with anterior
part alpha angle of greater than 55 ° and 27% of patients with a CE-angle of greater than 40 °
had a 473 hips on asymptomatic CT images. However, they studied CT images, but the alpha
angle was measured only in one area and the angle in the other area was not measured (Kim
- 14 -

et al., 2015). Therefore, it may be possible to miss the cam-type deformity that may occur at
other sites.
The limitations of this study were that 120 specimens of the study were few, and the
medical records were reviewed, and it was not confirmed that they were asymptomatic
through physical examination and follow-up, we could not evaluate the correlation and the
presence of secondary deformation by radiometric measurement of the Pincer type deformity.
The alpha angle was measured by one person.
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Ⅴ. CONCLUSION
Cam deformity of FAI was observed on 25.8% of asymptomatic hip. The most common
region of cam deformity was antero-superior area of femoral head-neck junction (1 and 2
o’clock). The present study first reported the prevalence and the distribution of cam
deformity in asymptomatic Korean population. The results would provide anatomical
comprehension of cam deformity for diagnosis and surgical treatments.
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- 국문요약 -

무증상성인에서 컴퓨터단층촬영을 이용한 고관절
cam 변형의 빈도

아주대학교 대학원 의학과
한 준
(지도교수: 원 예 연)

목적: 대퇴비구 충돌(Femoroacetabular impingement: FAI)은 고관절의 운동 범위를

감소시키는 것은 물론 초기 관절염의 초래하는 중요한 원인으로 추정되고 있다.
단순 방사선 촬영 단독보다 CT 나 MRI 와 같은 단층 촬영이 더욱 정확한
진단적

방법으로

우리나라

성인의

간주되지만
FAI에

외래에서 매번 적용하기에는 제한이 따른다.

대한

단층

촬영의

데이터가

부족하여

저자들은

한국인에서 cam 형 충돌의 위치가 개인마다 다를 것으로 가설을 수립하였다.
이에

컴퓨터

단층촬영을

이용하여

무증상성인의

cam

형

변형의

빈도를

측정하고자 한다.
대상 및 방법:

2011년 1월부터 2015년 12월까지 본원에서 120개 고관절에

특이병력 없는 무증상 성인 120명의 고관절 CT영상을 이용하였다. CT영상을
INFINITT Xelis 프로그램을 이용하여 골 두-경부 중심점을 잇는 선을 중심으로
근위 대퇴부를 시계 시스템을 이용하여 3차원적으로 분할하여 각 구간에서
알파각도를 측정하였다. 알파각도는 55도 보다 큰 값이면 고관절 Cam형 충돌로
판정하였다.
결과: 3시부터 10시(대퇴골 전방에서 후방)방향으로의 평균 알파각은 3시에서

43.5°(34.7-56.1°), 2시에서 51.24°(39.5-58.8°), 1시에서 52.45° (43.3-65.5°), 12시에서
44.09°(36.8-49.8°),
44.6°)이었다.

11시에서

전상방부(1시

40.71°(33.5-45.8°)였고
및

2시)의

평균

10시에서는

알파각이

제일

39.21°(34.1컸고(P<0.01)

고관절Cam형 충돌과 관련된 영상의학적 소견의 빈도는 1시 및 2시에서 각각
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15% 및 15.8%였다.
결론: 무증상 성인에서 cam형 충돌은 25.8%에서 발견 되었고 가장 호발하는

위치는 전상방부(1시 및 2시)였다. 한국에서 처음 시계 시스템으로 알파값을
측정한

결과를

보여주어

FAI에대한

관절경적

치료나

돌출부

제거술(bumpectomy)을 하는 수술의사들에게 도움이 될 것으로 생각된다.

색인단어: 대퇴비구 충돌, Cam 형충돌, 3차원적분할, 알파각, 전상방부
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