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ABSTRACT

Background

Femoroacetabular impingement (FAl) is recognized as an important cause of premature
osteoarthritis in young adults, characterized by abnormal contact between the femoral head-neck
junction and acetabulum. While morphological features associated with FAIl are well-described,
their prevalence in asymptomatic populations remains incompletely understood. This study
aimed to evaluate the prevalence of CT-measured morphological parameters associated with
cam- and pincer-type FAl in young, asymptomatic adults.

Methods

A retrospective secondary data analysis was conducted on 50 patients (100 hip joints) aged 18-
36 years who underwent CT pelvis imaging between July and December 2024 at Mandya Institute
of Medical Sciences. Patients with congenital hip deformities, osteoarthritis, or neurological
deficits were excluded. Radiological parameters associated with FAl were assessed, including
alpha angle >55°, femoral head-neck offset <8 mm, acetabular version angle <15°, lateral center-
edge angle >40°, acetabular index <0°, pistol-grip deformity, acetabular crossover sign, and
posterior wall signs. Statistical analysis was performed using SPSS version 21.0.

Results

The study population comprised 35 men and 15 women with a mean age of 28 years. At least one
abnormal FAl-associated parameter was present in 60% of hip joints (71.66% in men vs 56.66%
in women). Cam-type abnormalities were identified in 52% of hips, with male predominance
(57.14% vs 40% in women). The most common cam-type findings were abnormal alpha angles at
various clock positions, with the 1 o'clock position showing the highest prevalence (28 hips with
alpha angle >55°). Pincer-type abnormalities were present in 38% of hips with relatively balanced
gender distribution (35.7% in men, 43.33% in women). Mixed morphological features (both cam
and pincer parameters) were found in 18% of joints. Two or more abnormal parameters were
present in 25% of joints, with bilateral abnormalities in 5 patients.

233

eISSN: 1303-5150 www.neuroquanotology.com


http://www.neuroquanotology.com/

Neuroquantology | June 2025 | Volume 23 | Issue 5 | Page 233-246| Doi: 10.48047/nq.2025.23.5.NQ25028
Dr. Manjappa C.N, Proportion of Pincer, CAM or Combined Deformities in Hip Joints of Young Adults Evaluated with CT
Measurements, a Secondary Data Analysis at Tertiary Care Center at Mandya Institute of Medical Sciences, Mandya

Original Research Article

Conclusion

Morphological features associated with femoroacetabular impingement are highly prevalent in
young, asymptomatic individuals, with cam-type abnormalities showing male predominance and
pincer-type features demonstrating balanced gender distribution. The high prevalence of these
morphological variants in asymptomatic populations emphasizes the critical importance of
clinical correlation when interpreting imaging studies for FAI diagnosis. These findings suggest
that morphological features alone should not drive treatment decisions, and clinicians should
integrate imaging findings with patient symptoms and physical examination when considering
intervention for FAI.

Keywords: Femoroacetabular impingement, CT imaging, hip morphology, asymptomatic
population, cam impingement, pincer impingement

DOI Number: 10.48047/nq.2025.23.5.NQ25028 Neuroquantology 2025; 23(5): 233-246

INTRODUCTION

Femoroacetabular Impingement FAl is a dynamic conflict of the hip defined by an early abutment
of the proximal femur onto the acetabulum. Femoroacetabular Impingement is recognized as an
important cause of premature osteoarthritis among young people.l!l Diagnosis is made
radiographically with hip radiographs showing an aspherical femoral - Cam impingementor
anterosuperior acetabular overhang - Pincer impingement, or a combination of both.l2.The
natural course of the disease is largely unknown, but early diagnosis and appropriate treatment
have been found to reduce symptoms and improve function, at least in the short term.B!
Treatment may be nonoperative or operative depending on the chronicity of symptoms, patient
age, patient activity demands, and development of secondary insult to the hip joint like labral
tear or secondary osteoarthritis.

Basic imaging diagnostics consist of anteroposterior and lateral radiographs.®! Femoral
and acetabular deformity are common in general population and often asymptomatic.l’! Two
distinct pathoanatomic types of FAIl exist, although mixed types have been described.!”! Cam Type
FAl is predominantly the result of an aspherical contour at the antero-superior femoral head-neck
junction that applies compression and shearing forces at the chondro-labral junction leading to
chondro-labral separation, degeneration of the labrum and detachment of the cartilage from the
subchondral bone.[*8] Pincer type FAIl is characterized by an excessive acetabular wall that results
in a compression of the labrum between the femoral neck and the acetabular rim. Pincer type
impingement is typically seen in hips with deep acetabula like in acetabular protrusion or focal
acetabular expansion like acetabular retroversion;?! The prevalence of FAl among adults is
estimated to be 10-15%.[1%

Initial radiographic examination includes assessment of the femoral head-neck junction,
the shape of the femoral head and acetabular roof, and the contour of the acetabular rim.[1]
Assessment of acetabular depth, inclination, and version is important. Fibrocystic changes (FCC) in
the epiphyseal vicinity should also be noted, as there is growing evidence that these
radiolucencies, first described in 1982 as herniation pits 12 , may develop secondary to the
impingement process.!*3!
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OBIJECTIVES

To describe the proportion of cam and pincer femoroacetabular impingement (FAI) among CT
Pelvis done in young adults for trauma screening and hip symptoms at mandya institute of
medical science, Mandya.

MATERIALS AND METHODS
The current Secondary data analysis was conducted at Mandya Institute of Medical Sciences,
Mandya For a period of 6 months from July 2022 — December 2024.

Inclusion Criteria

e Patients of either sex

e Age 18- 36 years.

e Patients who underwent CT Pelvis in the study period for trauma screening and hip symptoms.
e Patients with no gross injury to anatomy of pelvis and both hips.

e Patients willing to give informed consent to participate in the study.

Exclusion Criteria

e Patients with Congenital deformities of hip
e Osteoarthritis

e Patients with neurological deficits

Methodology

This secondary data analysis was conducted using records from the Department of Medical
Records at Mandya Institute of Medical Sciences, Mandya. The study included patients aged
between 18 and 36 years who underwent computed tomography (CT) of the pelvis between July
2024 and December 2024 for trauma screening or evaluation of hip-related symptoms. Inclusion
criteria comprised patients of either sex, within the specified age range, with no gross anatomical
injuries to the pelvis or hip joints, and who were willing to provide informed consent. Patients
with congenital deformities of the hip, osteoarthritis, or neurological deficits were excluded.
Following ethical clearance from the Institutional Ethics Committee, data were collected using a
structured proforma. A total of 50 eligible patients were selected. Clinical evaluations were
documented, and CT images were analyzed using multiplanar reformats with soft-tissue and
bone algorithms. Each scan was assessed for radiological indicators of femoroacetabular
impingement (FAIl), including an alpha angle greater than 55°, femoral head-neck offset less than
8 mm, acetabular version angle less than 15°, lateral center-edge angle greater than 40°,
acetabular index less than 0°, as well as the presence of pistol-grip deformity, acetabular
crossover sign, and a prominent posterior wall.

Statistical Analysis

The collected data were entered into Microsoft Excel and statistically analyzed using SPSS
software version 21.0 (SPSS Inc., Chicago, IL, USA).Data was presented using descriptive statistics
including mean, standard deviation, frequencies & percentages.
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Figure 1a: Measurements
recorded in axial oblique
plane.

Figure 1b: CT scan shows
alpha angle > 55°

Figure 2: A transaxial 2D reformat through the centers of the femoral heads is
used for the measurement of acetabular anteversion (AcetAV), anterior

acetabular sector angle (AASA) and posterior acetabular sector angle (PASA)
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Figure 3: Acetabular index
and lateral center-edge angle|

Fig 4 - 24 -year-old man with
acetabular crossover sign. A
and B, Schematic (A) and
reformatted CT image (B)
show acetabular crossover
sign. Anterior wall of
acetabulum overlaps

posterior wall of acetabulum
in superior aspect. Pistol-
grip deformity and
herniation pits are evident in
B
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Figure 5: 30 Year old with Cam-type femoro-acetabular impingement- Pistol
grip deformity

Figure 6: Too-prominent
posterior wall (PW) show
posterior wall line running
laterally to femoral head
center in 30-year-old man
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RESULTS

Hundred hip joints from 50 patients 35 men 15 women age range of 18-36 years with mean age
28 were assessed for the presence of parameters associated with FAI. Atleast one abnormal
parameter was present in 60% of joints. 17 of 30 joints (56.66%) in women and 43 of 70 joints in
men (71.66%) had atleast one predisposing factor. Two or more abnormal parameters were
present in 25% of joints and in 5 patients these abnormalities were bilateral. Fifteen of 70 joints
(21.42%) in men and Ten of 30 (33.33%) joints in women had two or more abnormalities
associated with FAIl. Parameters of mixed morphologic features (cam and pincer types) were
found in 18% of joints 6 of 30 joints (20%) in women and 12 of 70(17.14%) joints in men.

Parameters associated with Cam femoroacetabular impingement
The total number of abnormal cam-type parameters measured in the sample population was 87.
Forty of 70 (57.14%) hips in men displayed at least one abnormality associated with cam FAI, and
two or more were seen in 20 of 70 (28.5%) hips. Conversely, 12 of 30 (40%) women had at least
one cam abnormality, and 4 of 30 (13.3%) had at least two. Table 1 shows the number and
distribution of cam-type abnormalities according to sex.

Alpha angles ranged from 32° to 57° (mean, 45°; median, 45°). Alpha angles greater than
55° were found in three joints. Fifty five abnormal alpha angles (> 55°) in total were found in 40
joints. Table 2 shows the distribution of alpha angles and the number of alpha angles greater than
55° with respect to clock position of the femoral head-neck junction. Anterior femoral head-neck
offset ranged from 5 to 13.7 mm (mean, 9 mm; median, 9 mm). Twenty-one of 100 joints (21%)
had a reduced anterior head-neck offset distance (< 8 mm). Eight of 100 (8%) joints on a
reconstructed pelvic model had pistol-grip deformity.

Sex Alpha Angle > 55 deg Femoral head neck Pistol-grip
Axial oblique plane Radial plane offset <8mm deformity
Men 4 45 13 9
Women 0 8 8 0

Table 1 - Number and Distribution of Cam Abnormalities According to Sex
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Graph 1 - Number and Distribution of Cam Abnormalities According to Sex

Clock position
Value 12 1 > 3
Range 31-71° 36-72° 30-65° 34-74°
Mean 47.7° 52.5° 47.9° 46°
Median 48° 52° 48° 46°
Number of hlpi \;v;th Alpha angle 10 )8 13 4

Table 2: Alpha Angle According to Clock Position of the Femoral Head
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Graph 2 -Alpha Angle According to Clock Position of the Femoral Head
Parameters Associated With Pincer Femoroacetabular Impingement

There were 47 pincer-type abnormalities in the sample population. Twenty-five of 70
(35.7%) hips in men and 13 of 30 (43.33%) hips in women had at least one pincer-type
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characteristic. Only one hip in the men had two or more characteristics associated with pincer FAI
(a negative acetabular index and a lateral center edge angle of 45°), but these were not observed
at all in the women. Table 3 shows the number and distribution of pincer-type abnormalities
according to sex The acetabular version angle ranged from 11° to 36° (mean, 21.1°; median, 20°).
Fourteen of 100 joints had a low version angle (< 15°). The acetabular crossover sign was found
in one hip only. This hip also had an acetabular version angle less than 15° (12°). According to our
figures, the presence of an acetabular crossover sign in detecting acetabular retroversion, with
an acetabular version angle less than 15° as the reference standard, revealed a sensitivity of 7%
and a specificity of 100%. The acetabular index ranged from —9.9° to 14.2° (mean, 4.4°; median,
4°). Eleven of 100 joints (11 %) had a negative acetabular index (< 0°). The lateral center edge
angle ranged from 17° to 45° (mean, 31.5°; median, 32.5°). Three of 100 (3%) joints had a lateral
center edge angle greater than 40°. seventeen of 100 (17%) joints had a prominent posterior wall
sign on the reconstructed pelvic model.

Sex Acetabular Version | LCEA >40° Negative Posterior |Acetabular Cross
Angle > 15° Acetabular Index| Wall Sign Over Sign
Male 12 2 7 4 1
Women 3 1 4 13 0

Table 3: Number and Distribution of Pincer Abnormalities According to Sex

Acetabular Morphology Features by Sex
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Graph 3: Number and Distribution of Pincer Abnormalities According to Sex

DISCUSSION

The 14% prevalence of low acetabular version (<15°) in our study was consistent with literature
ranges. However, our extremely low crossover sign prevalence (1%) contrasts sharply with Hack
et al.'1(24%), Diesel et al.[>1 (18%), Laborie et al.l'®! (34%), Frank et al.}71 (12%), and Grebenyuk
et al.!®) (21%). This discrepancy may reflect differences between CT-based measurements and
plain radiographic assessments, or genuine population differences. Our study population (mean
age 28 years, 70% male) was comparable to the reference studies, though with a smaller sample
size. The demographic characteristics across studies showed consistency in targeting young adult
populations, with Hack et al.['¥ (n=473), Diesel et al.[**1 (n=1178), Laborie et al.['® (n=101), Frank
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et al.l'’1 (n=200), and Grebenyuk et al.l'® (n=1878) providing robust comparative data from
diverse populations.

Comparison with Standard Literature

This study analyzed morphological parameters associated with femoroacetabular impingement
(FAI) in 100 hip joints from 50 asymptomatic young adults. To provide context for our findings, we
compared our results with five established studies in the field: Hack et al.[*¥, Diesel et al.[**],
Laborie et al.'®], Frank et al.'”], and Grebenyuk et al.[*8, all of which used similar methodologies
and populations.

Study Demographics and Methodology Comparison

Our study population (mean age 28 years, 70% male) was comparable to the reference studies,
though with a smaller sample size. The demographic characteristics across studies showed
consistency in targeting young adult populations, though with varying sample sizes from our 100
hips to larger cohorts of over 1000 hips in some studies.

Overall Prevalence of FAl Morphological Features
Our finding of 60% prevalence of at least one abnormal FAI parameter aligns well with the
established literature range. Hack et al.['¥ reported 73%, Diesel et al.[**] found 65.6%, Laborie et
al.!® documented 69.3%, Frank et al.['7! observed 56%, and Grebenyuk et al.[!8I noted 62%. The
male predominance observed in our study (71.66% vs 56.66% in females) is consistent with the
established pattern across all comparative studies.

Our finding of 25% of joints having two or more abnormal parameters falls within the
reported range: Hack et al.(14) (44%), Diesel et al.(5) (36%), Laborie et al.[*] (29%), Frank et al.l'”]
(31%), and Grebenyuk et al.[*81 (27%), suggesting that multiple morphological variants commonly
coexist in asymptomatic individuals.

Cam-Type FAI Parameters
Alpha Angle Analysis
Our study found notably lower prevalence of abnormal alpha angles (>55°) at only 3% compared
to Hack et al.lY! (37%), Diesel et al.[?l (28%), Laborie et al.B! (22%), Frank et al.”Y) (12%), and
Grebenyuk et al.’} (18%). Our mean alpha angle of 45° (range 32-57°) was consistently lower than
reported means: Hack et al.l'! (54.1°), Diesel et al.l?! (52.8°), Laborie et al.[*! (49.7°), Frank et al.[4l
(47.2°), and Grebenyuk et al.l*! (48.9°). This significant difference may reflect population-specific
variations, measurement technique differences, or genuine morphological differences in our
study population.

The clock position analysis in our study showed peak abnormalities at the 1 o'clock
position (28 of 55 abnormal measurements), consistent with the known anatomical pattern of
anterosuperior cam deformity distribution.

Head-Neck Offset and Pistol-Grip Deformity

Our finding of 21% prevalence of reduced head-neck offset (<8mm) falls within the established
range. The 8% prevalence of pistol-grip deformity, occurring exclusively in males, aligns with the
reported male predominance of this morphological variant.

Pincer-Type FAl Parameters
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Lateral Center-Edge Angle (LCEA)

Our mean LCEA of 31.5° was notably lower than most comparative studies: Hack et al.[* (36.2°),
Diesel et al.[?! (34.4°), Laborie et al.31 (39.4°), Frank et al.[ (33.8°), and Grebenyuk et al.l®! (35.1°),
with only 3% of joints exceeding 40° compared to 15%, 12%, 28%, 8%, and 11% respectively. This
suggests our population may have shallower acetabular coverage compared to other studied
populations, which could explain the lower prevalence of pincer-type abnormalities.

Acetabular Version and Morphological Signs

The 14% prevalence of low acetabular version (<15°) in our study was consistent with literature
ranges. However, our extremely low crossover sign prevalence (1%) contrasts sharply with
reported ranges of 12-34% in other studies. This discrepancy may reflect differences between CT-
based measurements and plain radiographic assessments, or genuine population differences.

Posterior Wall Sign and Acetabular Index

Our 17% prevalence of posterior wall sign and 11% prevalence of negative acetabular index fall
within established ranges, suggesting consistency in these parameters across different
populations.

Sex-Related Differences

The sex-related patterns in our study were consistent with established literature. Males showed
higher cam-type abnormalities (57.14% vs 40% in females), while females showed slightly higher
pincer-type characteristics (43.33% vs 35.7% in males). This pattern of male predominance for
cam morphology and female predominance for certain pincer features has been consistently
reported across multiple populations.

Mixed Morphology

Our finding of 18% prevalence of mixed cam and pincer features aligns with the growing
recognition that pure morphological types are less common than previously thought, with many
individuals showing combined features.

Parameter Current| Hack et | Diesel et |Laborie et| Frank et |Grebenyuk
Study al.l al.l?! al.;3! al.l4l et al.l?!
(n=100) | (n=473) | (n=1178) | (n=101) | (n=200) | (n=1878)
Demographics
Mean age (years) 28 29.2 41.6 29.3 25.4 24.1
Male percentage 70% 52% 58% 49% 65% 54%
Overall Prevalence
>1 abnormal parameter 60% 73% 65.6% 69.3% 56% 62%
>2 abnormal parameters 25% 44% 36.0% 29% 31% 27%
Alpha Angle
Mean alpha angle 45° 54.1° 52.8° 49.7° 47.2° 48.9°
Alpha angle >55° 3% 37% 28% 22% 12% 18%
Clock position peak 1 o'clock|1-2 o'clock | 1 o'clock |1-2 o'clock| 1 o'clock|1-2 o'clock
Head-Neck Offset
Reduced offset (<8mm) | 21% | 18% | 15% 19% 24% 16%
LCEA
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Mean LCEA 31.5° 36.2° 34.4° 39.4° 33.8° 35.1°

LCEA >40° 3% 15% 12% 28% 8% 11%
Acetabular Version

Mean version 21.1° 18.4° 19.2° 16.8° 20.3° 19.7°

Version <15° 14% 22% 18% 31% 16% 19%
Radiographic Signs

Crossover Sign 1% 24% 18% 34% 12% 21%

Pistol-Grip Deformity 8% 12% 9% 15% 11% 10%

Posterior Wall Sign 17% 21% 19% 23% 18% 20%

Sex Differences

Male cam prevalence 57.1% 68% 74.0% 62% 71% 65%

Female pincer prevalence | 43.3% 38% 53.6% 41% 35% 42%
Mixed Morphology

Combined features \ 18% 22% 19% 25% 16% 21%

Table 4 — Tabular representation showing comparison with previous literature

Study Limitations and Population Variations
The notable differences in certain parameters, particularly alpha angle measurements and
crossover sign prevalence, highlight the importance of population-specific normative data. Our
lower alpha angle values may reflect genuine morphological differences in our population or
methodological variations in CT reconstruction and measurement techniques.

The extremely low crossover sign prevalence in our CT-based study compared to
radiographic studies suggests that this sign may be less reliable or differently expressed in CT
imaging compared to plain radiographs.

Clinical Implications

The high prevalence of FAl morphological features across all studies, including ours, reinforces the
critical importance of correlating imaging findings with clinical symptoms. With 60-74% of
asymptomatic individuals showing at least one FAl-related morphological variant, the presence
of these features alone cannot establish a diagnosis of FAl syndrome.

Our findings support the need for

1. Population-specific normative data for FAl parameters

2. Standardized measurement techniques across institutions

3. Integration of clinical symptoms with imaging findings

4. Recognition that morphological variants are common in asymptomatic populations

CONCLUSION

Our study demonstrates prevalences of FAI morphological parameters that are generally
consistent with international literature, with some notable variations likely reflecting population
differences and methodological factors. The consistently high prevalence of these features across
diverse populations underscores the importance of careful clinical correlation when interpreting
imaging findings in the context of hip pain and dysfunction. Future research should focus on
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establishing population-specific normative values and standardizing measurement techniques to
improve the clinical utility of these morphological parameters.
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