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Measurement Changes Used for Femoroacetabular
Impingement Diagnosis in Hip Pain
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Abstract

Objectives: We aimed to determine, the mean values of the hip angles at Magnetic Resonance Imaging(MRI) of Turkish
patients, gender variances and to demonstrate the difference in measurements between the painless and painful sides
of the same case.

Methods: Retrospectively, 182 patients who underwent hip MRI for hip pain were included in the study. In MRI, Collo-
diaphyseal angle (CDA), Acetabular angle (AA), Tonnis angle (T-angle), acetabular depth (AD), anteversion angle (AnA),
protrusio acetabuli (PA) and alpha angle (AF) were measured.

Results: The mean CDA, AA, T-angle, AD, PA, AnA, AF was 131.90°, 35.90°, 7.20°, 21 mm, (-4.9) mm, 17.90°, 50° respec-
tively. CDA, T-angle and AD values were lower at women (p<0.05). In the right hip angle measurements, CDA and AF
values were found high (p<0.05) in the painful group. AnA observed higher, at right hip pain than bilateral, in the group
with unilateral pain (p<0.05); but there was no difference on the left side. In unilateral and bilateral hip pain, there was
no difference in the angle measurements.

Conclusion: CDA, T and AD were found lower at women than men. CDA and AnA increase in the group with pain. We
think that grasp of the femur head by acetabulum changes due to pain. The measurements on the right side differ from
the left, may depend on loading. Prolongation of the process may cause labrum damage and osteoarthritis.
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cetabulum consists of ilium, iskum and pubis. The de-

lays in the development or damage to any of these
bones lead to deformaties. Acetabular impingement, due
to global or focal overlay of acetabulum on the femoral
head is the most commonly encountered one (5%) among
joint deformities. In cases with idiopathic osteoarthritis, the
rate of acetabular retroversion is 20%. FAI (femoroacetabu-
larimpingement) and acetabular retroversion cause labrum
damage, cartilage lesions and subsequent osteoarthritis if
left untreated. Therefore, chronic hip pain that is not caused
by arthritis is becoming increasingly important.”
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Parameters used in the assessment of hip dysplasia on
Pelvis anterior posterior (AP) radiograph are; centre-edge
angle (CEA), the acetabular angle (AA) with acetabulum in-
clination in the frontal plane, the acetabular index defined
by Tonnis for the inclination of the acetabulum roof, and
the acetabulum head index, which is the percentage of the
acetabulum covering the femur head.®!

Magnetic Resonance Imaging (MRI) facilitates the differen-
tial diagnosis of persistent pain, since it gives information
on the hip soft tissues such as labrum, tendon, and bursa.
In young cases, the possibility that the etiology of hip pain
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is of soft tissue origin, is higher. For this reason, it is possi-
ble to achieve rapid and early diagnosis with MRI without
exposing the pelvis to radiation by radiographs, in young
patients with persistent hip pain.

In our study, it was aimed to determine the mean values of
the hip angles defined in direct radiographs of the Turkish
patients in hip MRI examinations, the presence of variance
between the genders, and to demonstrate whether there is
a difference in angle values between the painless and the
painful sides of the same case.

Methods

The study was initiated with 97 cases younger than 60
years of age and having MRI due to hip pain, retrospec-
tively, April-June 2016. The cases with Toénnis grade 2 and
above osteoarthritis, lumbar fusion, hip surgery, and scans
which were not suitable for evaluation were excluded. One
patient with a partial hip prosthesis and a lumbar spondy-
lolisthesis operation, one patient with scoliosis and three
patient with a scan that is not suitable for evaluation were
excluded from the study and 91 cases, 182 hips were evalu-
ated. The study was approved by the Fatih Sultan Mehmet
Training and Research Hospital Research Ethics Board.

Pelvic AP radiograph can be taken in standing or lying po-
sition. Correct pelvic AP radiograph should be in standing
position, neutral pelvic tilt and rotation according to the
definition of Tannast et al.”! Tonnis criteria were used in the
evaluation of osteoarthritis on pelvis radiograph.®

Acetabular inclination (Acetabular Angle, Sharp angle, AA)
is the angle between the line drawn between the sclerotic
corner of the acetabulum in the inferior aspect of the ace-
tabulum and the sclerotic corner of the acetabulum lateral
aspect of acetabulum in the AP graph of the pelvis; and the
horizontal line.®

Acetabular depth (AD) is used to assess the relation of ace-
tabular ceiling to femur head according to ilioiskial line on
AP pelvis graph. If the medial corner of the femur head is in
the medial region of the ilioiskial line, it is called protrusio,
if it is not, it is called profundo. There is a risk in terms of FAI
in both cases.”

The Tonnis angle (T-angle) measures the relationship be-
tween the acetabulum gradient and the weight bearing
surface. The angle is between the medial and lateral corner
of the acetabulum and the horizontal line. The downside is
that it is affected by rotation and inclination of the pelvis.>"

The alpha angle (AF) is the angle between the line drawn
from the center of the femur neck to the center of the fe-
mur head and the line drawn from the center of the femur
head to the point where the femur head sphericity deteri-

Figure 1. Alpha angle measurementinT1 MR examination in axial plane.

orates in the anterior direction. AF, increases with FAI, and
as the value of alpha angle increases, the rate of damage to
cartilage and labrum increases. AF does not correlate with
age® (Fig. 1).

The collodiaphyseal angle (CDA) is the angle between the
femur neck and its body. In adults, it is normally 120-130°
and it decreases with weight increased on the joint® (Fig. 2).

All patients were scanned with a 1.5 Tesla MR device (Gen-
eral Electric, WI, USA) and with superficial coilled straps. Pa-
tients were placed in the device, lying on their back, with
adequate internal rotation of the feet and legs parallel to
each other. Bilateral crista ilia anterior superior and femur
proximal metaphyseal diaphysis region were included in
the study. The images taken on the coronal and axial plane
were taken into consideration. The imaging protocol was
performed with axial plane T1 (TR: 740, TE: 8.6-25.7) and
T2 fat sat (TR: 4564, TE: 85), coronal plane T1 (TR: 401, TE:
8.6-25.7), STIR: 4765, TE: 42 TI: 150) (cross sectional thick-
ness:4mm, spacing: 1 mm, FOV: 32-35 cm and NEX: 2).
Sagittal plane PD (TR: 2000, TE: 30) (cross-sectional thick-
ness 4 mm, spacing 0.5 mm, FOV: 28 cm) was added when
deemed necessary in some cases.
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Figure 2. Collo-diaphyseal angle measurement in T1 MR examination
in coronal plane.

In MRI, on coronal plane; CDA, AA, T-angle and in axial
plane, AD, ante-version angle (AnA), PA (protrusio acetabu-
li), and AF were measured.

Hip MRI scans were evaluated as double blind by two ra-
diologists with at least 10 years of experience.

Statistics

SPSS (Statistical Package for Social Sciences) version 15.0
for Windows (SPSS Inc., Chicago, IL) was used for statisti-
cal evaluations. It was assessed whether the data exhibited
normal distribution according to Kolmogorov-Smirnov and
Shapiro-Wilk and whether it can be subjected to paramet-
ric tests. Although the data do not show a normal distribu-
tion, since the Skewness and Curtosis values are within + 2,
it was concluded that parametric tests can be used.

A paired sample T-test was used to compare bilateral hip
measurements of the patients with unilateral and bilater-
al pain. Independent sample T-test was used to compare
the angle measurements of hips according to gender and
right/left hip of patients with bilateral hip pain and the
measurements of right or left hip, in those who have pain
only on one side.

Results

In our study, 91 cases, 61 women and 30 men, were includ-
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Figure 3. Mean hip measurements in men and women.

ed. Of the cases, 28 (8 males, 20 females) felt pain in the
right hip and 26 (6 males and 20 females) felt pain in the
left hip, totally 54 (14 males, 40 females) felt pain in one hip
only and 37 (16 males and 21 females) complained of pain
on both hips. The average age is 54.6+16.54years (21-60)
forwomen, 47.1£21.33 (9-60) years for men and 52.2+18.42
(9-60) years in general.

In MRI, mean CDAxSD is 131.9+4.57° (120-148.7), mean
AA£SD is 35.9+2.66° (33.7-39.9), mean T-anglexSD is
9.1£1.94° (8-11.9), mean AD#SD is 21+3.08 mm (12.8-
29.4), mean PA£SD is (-4.9+£2.91) mm [(-12)-(-8.1)], mean
AnA angle+SD is 17.9+9.57° (8.4-37), mean AF angle £SD
is 50+6.95° (37-54). There was no statistically significant dif-
ference between the measurements of the two radiologists
except for the alpha angle.

Mean CDA angle for women is 131.3+£3.95°% mean AA is
35.7£3.19°% mean T-angle is 8+1.45°% in axial plane, mean
AD is 20.6£2.36 mm; mean AnA is 18.0+£3.19° mean AF is
49.4+0.56°, mean PA is (-4.8)£2.58 mm.

CDA angle in males is 133.2+0.61°%; mean AA is 36,4+4.49°%
mean T-angle is 8.6+0.32°, mean AD is 21.7+0.49 mm; mean
AnAis 17.6+£2.13°% mean AF is 51.1+1.07°, and the mean PA
is (-5.0)2£0.39 mm (Fig. 3).

When we look at the genders, CDA, T and AD values were
statistically significantly lower in women (p<0.05).

In 54 cases with unilateral hip pain, there was no statistical-
ly significant difference in the angle measurements of the
painful and painless hips were compared.

In cases with pain complaints on both sides; there was no
statistically significant difference between the two sides
when we compared the right and left hip measurements.

When angle measurements were compared between pain-
ful and painless hips, only CDA increased statistically sig-
nificantly in the group with pain (p<0.05) (Table 1).
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Collodiaphyseal Acetabular Tonnis Acetabular Protrusio acetabuli Alpha

angle (9) angle (9) angle (°) depth (mm) (mm) angle (9)
Mean (+SD) Mean (+SD) Mean (£SD) Mean (£SD) Mean (xSD) Mean (+SD)

Right painless 131.06+0.61 21.39+0.39 7.37+0.28 21.16+0.37 -5.02+0.44 50.25+1.02
Left painless 131.71+0.57 21.10+0.37 7.22+0.24 20.80+0.38 -4.62+0.35 51.42+1.01
Right hip pain 131.93£1.26 21.55+£1.08 8.39+0.75 21.16+0.37 -5.73+0.88 50.25+1.02
Left hip pain 132.34+£1.08 21.18+1.03 7.70+0.60 24.76+0.79 -5.13+0.65 53.30+£2.13
Bilateral hip pain 132.83+0.80 20.67+0.42 7.20+0..32 21.39+0.56 -5.34+0.43 4891+1.05

SD: Standard deviation.

When the right hip angle measurements of the patients
with bilateral hip pain were compared with the right hip
of those with complaint of pain only on the right hip, AnA
was found to be statistically significantly higher in those
patients with unilateral pain (p<0.05).

When the left hip angle measurements of the cases with
bilateral pain were compared with the left hip angle mea-
surements of the cases with pain on their left hip only, no
statistically significant difference was observed.

In the right hip angle measurements, CDA and AF values
were found to be statistically significantly higher (p<0.05)
in the group with pain than the group without pain.

In left hip angle measurements, when the patients with
pain and without pain were compared, no statistically sig-
nificant difference was observed.

Discussion

Hip angle measurements are defined on the direct radi-
ography. Direct radiographs are usually taken in standing
position, while hip MRI are performed in lying position. In a
study comparing Computerized tomography (CT) in lying
position and pelvic radiographs in standing position, there
was no significant difference between two shots, in cross-
over, ischial spine and posterior wall findings.'"® ' In anoth-
er study, it was observed that crossover and ischial spine
findings were reduced in the horizontal position, when
pelvis AP radiographs taken in the standing and lying po-
sitions were compared. CEA does not change depending
on the position."” In a study comparing Dunn 45° and 90°
direct X-rays, axial oblique MRI and alpha angle measure-
ments at CT, there was no significant difference between
values in other modalities except Dunn 45° radiography.
Dunn 45° was found to have higher alpha angle than the
others.l"?

In our study, one of our aims was to determine the average
of the measurements used in the routine assessment of FAI
in routine hip MRI scans in Turkish patients. Mean angle
measurements in women were 131.3° for CDA; 35.7° for AA;

8° for T, 20.6 mm for AD, 18.0° for AnA; 49.4° for AF, (-4.8)
mm for PA. In the case of men, mean angle measurements
were 133.2° for CDA; 36.4° for AA; 8.6° for T, 21.7 mm for
AD; 17.6° for AnA; 51.1° for the AF, and (-5.0) mm for the PA.
When we look at gender, CDA, T and AD values were found
to be lower in women.

The majority of CDA-related studies report average value
without specifying gender discrimination. In the study, in
which CDA and anteversion were evaluated by pelvic ra-
diographs, it was reported that when genders were com-
pared, no significant difference between the groups was
observed in terms of CDA. However, a significant correla-
tion between femur length and CDA is reported in women.
In the same study, the mean value of anteversion was high-
er in females than males, and both genders, it was found to
be higher in the right side than in the left side.”

Similary, in a study conducted on healthy young individ-
uals in Turkish patients by direct radiography, the average
value of Sharp angle in males was 37.9£2.5° and in females
it was 38.5t2.1°. Although, the difference between the
genders was significant.!'™

In another study comparing CEA and acetabular angle in
two hips in Turkish patients, the CEA angle was found to be
higher at the left and the acetabular angle was higher at
the right. Although both angle values were higher in males
than females, the difference was not statistically significant.
It was also found that the CEA angle increased with increas-
ing weight and acetabular angle decreased with age.l'”

Preoperative axial MRI and direct radiographic examina-
tions of adolescent FAI cases were evaluated. No significant
difference was found between genders in terms of T- an-
gles and CEA. However, it has been demonstrated that AF
is higher in males.®

There are studies in the literature that show an increase in
AF in cases with high BMI. In the same study, it was stated
that the acetabular morphology did not change depend-
ing on BML.I™

Hip joint morphology may vary in different ethnic groups
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and populations.'*'¥ The normal values of radiographic
measurements used in the evaluation of adult hip dyspla-
sia in Turkish population have been reported by Ozcelik et
al.?" When CEA angle was evaluated in terms of right-left
and gender, different interpretations of different popula-
tions were encountered.!'4 16201

In a study conducted on volunteers, the minimum range
of joint space, CEA, acetabular depth-to-width ratio (ADR)
and acetabular head index (AHI) were measured. Joint
width, CEA, ADR, and AHI measurements were found to be
associated with hip pain.’"

Sagittal spinopelvic angle and acetabulum angle were
compared with radiographs in asymptomatic adolescents.
There was no correlation between CEA and T-angle and
sagittal spinopelvic angle. However, the increase in pelvic
tilt and lumbar lordosis does not cause an increase in AA."!

In our study, in cases with pain on both sides, no significant
difference was found between the sides. When the left hip
angle measurements of the left side of the patients with
bilateral pain and the left hip of the patients with pain only
on the left side were compared, no statistically significant
difference was observed. When the right hip angle mea-
surements of the patients with bilateral hip pain were com-
pared with those of the right one who felt pain only on the
right side, AnA was found to be higher in the group with
unilateral pain complaints. This was thought to be second-
ary to the acetabulum adaptation to optimally grasp the
femoral head, due to pain.

In a study by Watarai et al., where acetabulum was assessed
three-dimensionally by CT for various reasons, complete
peripheral bone extension was found to be rare but if there
was, it was generally bilateral and accompanied a very
small proportion of pain.?

In the follow-up patients with pathologic CEA between the
ages of 13 and 60, it was observed that they developed
osteoarthritis within 4 to 28 years. 2 Another study of
20-year follow-up of cases with a CEA value of less than 20
showed that osteoarthritis developed.*2#

In a study consisting of athletes with a restriction of hip
joint motion (internal rotation <10 degrees) and a control
group, the progressive degenerative changes in young ath-
letes were observed to be more than the control group, in
their five year MRI and direct radiography follow-up.?*

In a two-year follow-up of cases with CEA>40 degrees and
profunda acetabuli, when the group in which acetabulum
covered the femur head normally, was compared with the
group in which it covered excessively, it was demonstrated
that the group with excessive covering was likely to devel-
op labral tears and pain.

In a study evaluating acetabular rim cartilage in cases with
Tonnis grade 0 and 1 coxarthrosis, cartilage damage was
detected in 70.3% of 152 cases. The fact that the Tegner ac-
tivity scale is greater than 6 times increases the risk of car-
tilage damage, as the alpha angle is more than 55 degrees
and the complaints are 20 months or longer.?”!

Femur head-neck offset reduction and cam deformity are
common in developmental hip dysplasia.?® In acetabu-
lar FAI cases, there are studies showing that cartilage and
labral damage increased and the range of motion de-
creased as the anterior offset and alpha angle of the head
and neck increased.”

There are many studies in the literature indicating that
some selected hip measurements show inter and intraob-
server variation, 3033

In a study evaluating FAI-like features in CT, FAIl-like features
were seen at a high frequency in a young asymptomatic
population. Accordingly, it has been reported that the cut
off values for defining the morphological abnormalities as-
sociated with FAI may be set too low in the current litera-
ture. In the same study, it was concluded that axial plane AF
measurements could be more accurate than axial oblique
plane.B¢

In a study by Wynne-Davies, associates the difference in
CEA angle between the right and left hip with the differ-
ence in load on the hips.5”

The limitation of our study is the fact that it is retrospective.
For this reason, routine hip examinations of the cases were
taken into consideration. Labrum evaluation is not optimal.
Lack of long-term follow-up is our other limitation. Previous
researches in the Turkish patients have usually been made
on direct radiography. In the Turkish patients, these mea-
surements have never been performed on MRI. This is the
advantage of our study. In addition, the cases in the previ-
ous studies belong to the young population. In our study,
the fact that our case group consists of a wide range of age
and different age groups, has the advantage of giving an
idea about the general population. This is the advantage
of our study.

Conclusions

In our study, which has a wide range of age in our society,
the incidence of CDA, T and AD was found to be lower in
women than in men. The angle of the CDA was higher in
painful hips than painless hips. AnA was higher in cases
with unilateral pain on the right side, than those with bilat-
eral pain. CDA and AF values increased in cases with pain
on the right side, compared to those without pain on the
right side. We think that this is due to the fact that acetab-
ulum changes its grasp of the femur head due to pain. The



fact that the measurements on the right side differ signifi-
cantly from the left, may depend on the weight applied on
the hip.

CDA and acetabular anteversion increase in patients with
chronic hip pain. For these reason chronic pain may lay the
ground for joint limitation. However, further studies are
needed to demonstrate long-term follow-up and its asso-
ciation with labrum injury.

Disclosures

Ethics Committee Approval: The study was approved by the
Fatih Sultan Mehmet Training and Research Hospital Research
Ethics Board (2016/4 meeting, 2016/16 research, document num-
ber:17073117-050.99).

Peer-review: Externally peer-reviewed.

Conflict of Interest: The Authors declares that there is no con-
flict of interest.

Authorship Contributions: Construction idea for research were
found by HCC and EDC. Planning methodology, organising and
supervising the course of the project were done by HCC and EDC.
HCC wrote all the manuscript. HCC and EDC reviewing the article
before submission not only for spelling an grammar but also for
its intellectual content.

Financial Disclosure: The authors declare that this study has re-
ceived no financial support.

References

I. Tanaka H, Watarai K, Osawa |, Shiibashi M, Kim YK, et al. Fo-
cal concavity of posterior superior acetabulum and its relation
with acetabular dysplasia and retroversion in adults without
advanced hip osteoartrhritis. BMC Musculoskeletal Disorders
2015;16:330.

2. Jorgsen RW, Dippmann C, Dahl L, Strirup J. Treatment al-
gorithm for patients with non-arthritic hip pain, suspect for
an intra articular pathology. The open orthopaedics Journal
2016;10:404-41 1.

3. Eceviz E, Séylemez MS, Uygur ME, Ozkan K, Ozkut AT, et al.
Mid-term radiological and clinical results of incomplete triple
pelvic osteotomy. Acta Orthopedica et Traumatologica Turcica
2016;50:660-4.

4. Clohisy JC, Carlisle JC, Trousdale R, Kim Y], Beaule PE, et al.
Radiographic Evaluation of the Hip has Limited Realibity. Clin
Orthop Relat Res 2009;467:666-75.

5. Tannast M, Sienbenrock KA, Anderson SE. Femoroacetabu-
lar Impingement: radiographic diagnosis-what the radiologist
should know. AJR Am | Roentgenol 2007;188:1540-52.

6. Schmitz MR, Bittersohl B, Zaps D et al. Spectrum of radio-
graphic femoroacetabular Impingement morphology in adoles-
cents and young adults: An EOS-based double-cohort study. |
Bone Joint Sug Am 2013;e90:1-8.

7. Pytiak A, Bomar ]D, Peterson ]B, Schmitz MR, Pennock AT, et

233

al. Analysis of spinal alignment and pelvic parameters on up-
right radiographs: implications for acetabular development. |
Hip Preserv Surg 2016;3:208-214.

8. Hooper P, Oak SR, Lynch TS, Ibrahim G, Goodwin R, et al. Ad-
olescent Femoroacetabular Impingement: Gender Differences
in Hip Morphology. Arthroscopy 2016;32:2495-502.

9. Hulki Basaloglu, Abdulkadir Akbas. Insan femurlarinda torsiyon
ve kolladiafizer agilari, birbirleri arasindaki iligkiler ve agi deger-
leri tizerinde etkili bazi faktorler. Acta Orthop Traumatol Turc
1996;30:299-302.

10. Jackson TJ, Estess AA, Adamson GJ. Supine and Standing AP
Pelvis Radiographs in the Evaluation of Pincer Femoroacetab-
ular impingement. Clinical Orthopedics and Related Research
2016;474:1692-6.

I'l. Ross JR, Tannenbaum EP, Nepple JJ, Kelly BT, Larson CM, et al.
Functional acetabuler orientation varies between supine and
standing radiographs. Clinical Orthopedics and Related Re-
search 2015;473:1267-73.

12. Smith KM, Gerrie BJ, McCulloch PC, Lintner DM, Harris JD.
Comparison of MRI, CT, Dunn 45° and Dunn 90° alpha angle
measurements in femoroacetabular impingement. Hip Int 2017.

I3. Ege T, Kése O, Demiralp B, Bek D, Sanal T. Erigkin kalga displa-
zisinin degerlendirilmesinde normal radyolojik 6lgiim degerleri;
Anadolu toplumunda 1732 saglikli kalganin degerlendirilmesi.
Giilhane Tip Derg 2016;58:245-9.

14. Demir M, Seringeg N, Ulutagdemir N, Dokur M, Ertugrul R,et
al. Normal Values of the Hip Joint Space Width and Angles in
Young Healthy Adults. Bozok Med | 2017;7:17-24. SN - 2146-
4006-2148-2438 M3 - UR - Y2 - 2018 ER

I5. Novais EN, Shefelbine §J, Kienle KP, Miller PE, Bowen G, et al.
Body Mass Index Affects Proximal Femoral but Not Acetabu-
lar Morphology in Adolescents Without Hip Pathology. | Bone
Joint Surg Am 2018;100:66-74.

16. Mandal S, Bhan S. The centre-edge angle of Wiberg in the
adult Indian population. | Bone Joint Surg Br 1996;78:320-1.
PMID:8666652.

17. Jeremic D, Macuzic IZ, Vulovic M. Sex differences in anatomical
parameters of acetabulum among asymptomatic Serbian popu-
lation. Vojnosanit Pregl 201 1;68:935-9. PMID:22191310.

18. Laborie LB, Engesater I, Lehmann TG, Sera F Dezateux C, et
al. Radiographic measurements of hip dysplasia at skeletal ma-
turity-new reference intervals based on 2,038 19-year-old Nor-
wegians Skeletal Radiol 2013;42:925-35.

19. Baharuddin MY, Zulkifly AH, Kadir MRA, Saat A, Aziz A, et
al. Morphometric Study of the Acetabular in Malay Population
Normal Hips and its Clinical Applications. Journal of Medical
Sciences 201 1;11:213-9.

20. Ozgelik A, Omeroglu H, inan U, Seber S. Tiirk toplumun-
da gocuk ve erigkinlerin normal kalgalarinda merkez-kenar
agisi (CE agisi) degerleri. Artroplasti Artroskopik Cer Derg
2001;12:115-9.



234

21.

22.

23.

24.

25.

26.

27.

28.

29.

Cevik Cenkeri et al., Measurement Changes in Hip Pain / doi: 10.14744/ejmi.2020.84296

lidaka T, Muraki S, Oka H, Kodama R, Tanaka S, et al. Radio-
graphic measurements of the hip joint and their associations
with hip pain in Japanese men and women: the Research on
Osteoarthritis/osteoporosis Against Disability (ROAD) study.
Osteoarthritis Cartilage 2017;25:2072-9.

Watarai K, Kimura F, Kadono Y, Kim YT, Niitsu M, et al. Com-
plete Circumferential Osseous Extension in the Acetabular
Rim Occurs Regardless of Acetabular Coverage. Clin Orthop
Relat Res 2017;475:2074-80.

Wieberg G. Studies on dysplastic acetabula and congenital sub-
luxastion of hip joints. Stocholm: PA. Norstedt&Sorner 1939.
Cooperman DR, Wallensten R, Stulberg SD. Acetabular dyspla-
sia in adult. Clin Orthop Relat Res 1983:79-85. PMID: 683961 1.
Wyles CC, Norambuena GA, Howe BM, Larson DR, Levy BA,
et al. Cam deformities and Limited Hip Range of Motion Are
Associated with early osteoarthritic changes in adolescent Ath-
lets: A prospective matched cohort study. Am ] Sports Med
2017:363546517719460.

Chandrasekaran S, Darwish N, Chaharbakhshi EO, Suarez-Ahe-
do C, Lodhia P, et al. Minimum 2-Year Outcomes of Hip Ar-
throscopic Surgery in Patients With Acetabular Overcoverage
and Profunda Acetabulae Compared With Matched Con-
trols With Normal Acetabular Coverage. Am ] Sports Med
2017:363546517708769.

Mas Martinez J, Sanz-Reig ], Verdd Roman CM, Bustamante
Sudrez de Puga D, Morales Santias M, et al. Tonnis stage 0 and |
acetabular rim cartilage injuries: Incidence, grade, location and
associated pre-surgical factors. Rev Esp Cir Ortop Traumatol
2017;61:154-61.

Wells ], Nepple JJ, Crook K, Ross JR, Bedi A, et al. Femoral
Morphology in the Dysplastic Hip: Three-dimensional Charac-
terizations With CT. Clin Orthop Relat Res 2017;475:1045-54.
Johnston TL, Schenker MLBS, Briggs KKMPH, Phillippon M).

30.

31

32.

33.

34.

35.

36.

37.

Relation between Offset Angle Alpha and hip chondral injury
in femoroacetabular impingement. Arthroscopy: The Journal of
Arthroscopic&Related Surgery 2008;24:6:669-75.

Closhisy JC, Nunley RM, Otto R}, Schoenecker PL. The frog-leg
lateral radiograph accurately visualized hip cam impingement
abnormalities. Clin Orthop Relat Res 2007;462:1 15-121.

Eijer H, Leuning M, Mahomed M, Gnaz R. Cross table lateral
radiograph for screening of anterior femoral head-neck offset
in patients with femoroacetabular impingement Hip int 2001;
11:37-41.

Gosving KK, Jacobsen S, Palm H, Sonne-Holm S, Magnusson E.
A new radiological index for assessing asphericity of the femoral
head in cam impingement. | bone Joint Surg Br 2007;89:1309-
16.

Meyer DC, Beck M, Ellis T, Ganz R, Leuning M. Comparison of
six radiographic projections to assess femoral head/neck asphe-
ricity. Clin Orthop Relat Res 2006;445:181-5.

Nelitz M, Guenther KP, Gunkel S, Puhl W. Reliability of ra-
diological measurements in the assessment of hip dysplasia in
adults. Br ] Radiol 1999;72:331-4.

Omeroglu H, Bicimoglu A, Agus H, Tumer Y. Measurement
of center-edge angle in developmental dysplasia of the hip: a
comparison of two methods in a patients under 20 years age.
Skeletal Radiol 2002;31:25-9.

Chakraverty JK, Sullivan C, Gan C, Narayanaswamy S, et al.
Cam and pincer femoroacetabular impingement: CT findings
of features resembling femoroacetabular impingement in a
young population without symptoms. AR] Am] Roentgenol
2013;200:389-95.

Wynne-Davies R. Acetabular dysplasia and familial joint laxity.
Two etiological factors in congenital dislocation of the hip. |
Bone Joint Surg 1970;2:704-16. PMID:5487570.



