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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Femoroacetabular impingement (FAI) is an
often-unnoticed cause of hip and groin pain in adolescents
and adults. If untreated, it is a precursor of early primary hip
osteoarthritis. The prevalence of FAI in Indian population
is under-documented. Current study aims to determine the
prevalence of radiographic morphology of FAI in random
individuals undergoing pelvic radiography at the tertiary
healthcare referral hospital and analyze the associated groin
pain, etiological factors and clinical management.

Methods: This observational cross-sectional study included
550 patients, 18 to 50 years of age. Pelvic radiographs were
prospectively analyzed for FAI signs. Groin pain was assessed
with Non-Arthritic Hip Score (NAHS). Hips were classified
based on the number of present radiological abnormalities
and symptomatic groin pain. Patients with clinical symptoms
were investigated by computed tomography (CT) scans and
conservatively managed. Multivariate logistic regression
analysis was used for etiological risk factor analysis.

Results: Radiographic morphology of FAI was prevalent
in total 453 individuals (82%) and 803 hips (73%). Out of
these, 350 individuals (77%) had bilateral and 103 (23%) had
unilateral findings. Mean age of study population with mixed
urban rural ethnicity was 32.3+17.8 years. Male to female
ratio was 2:1. Lateral center-edge angle was the most common
finding (32.6%), and crossover sign was the least (6%). Pincer
morphology was predominant finding (36.2%), followed by
mixed (22.8%) and cam (13.5%). Among these, only 110 hips
(10%) clinically experienced pain (with mean NAHS score
of 87.4) of which 69 hips presented multiple radiological
morphologies of FAI that significantly corelated with CT scan
findings. Significant associations of result (p-value <0.05) were
revealed with demographic parameters, baseline characteristics
and multiple etiological factors.

Conclusion: Radiographic morphology of FAI is prevalent in
82% of studied Indian population and 73% of total hips. These
findings were accurately validated on CT scans in symptomatic
10% patients. Causal etiological association found out can
successfully guide future self-preventive measures required to
prevent development of this musculoskeletal disease in young
adults. Long-term conservative management shows encouraging
results with possible pain free survival.

Key words. Femoroacetabular impingement, pincer
morphology, cam morphology, young population, osteoarthritis,
pelvic radiographs.
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and acetabulum lead to abnormal bony contacts during hip
movements, particularly during flexion in internal rotation
[1]. This abnormal contact increases stress and friction at the
hip joint interface, causing structural damage to the articular
cartilage and acetabulum labral tissue. This in turn might lead to
painful hip movements, functional impairment and an increased
risk of early hip joint degeneration, potentially progressing
to osteoarthritis [2]. FAI is not an uncommon cause of pain
around the hip joint in teenagers and young adults. If untreated,
it is a precursor of primary hip osteoarthritis. Pincer or Cam
impingement conditions, marked by abnormal acetabular or
femoral head-neck junction morphology, lead to joint stress,
cartilage erosion, labral injury, and early arthritis.

The concept of hip impingement was first introduced by
Smith-Peterson et al. in 1936 [3], with a more comprehensive
description provided by Ganz et al. in 2003 [4], who identified
FAI as a precursor to hip osteoarthritis. Numerous studies
have explored the prevalence of FAI in various populations.
For instance, a 2021 study by Hasegawa et al. [5] in Japan
reported a prevalence of FAI of 25.2% in individuals over 50
years old, with cam, pincer, and mixed deformities accounting
for 4.2%, 20.3%, and 0.7%, respectively. Another study from
Turkey by Polat et al. [6] in 2017 found a prevalence of FAI
in asymptomatic individuals of around 40 years of age to be
29.6%, with cam, pincer, and mixed morphologies comprising
15.9%, 10.6%, and 3.1% of cases, respectively.

In the Indian context, a multicentric study by Pachore et al.
[1] reported a 68% prevalence of FAI, with pincer deformity
observed in 47.5% of cases, cam deformity in 7.9%, and
mixed deformity in 10.8%. Another study by Raina et al.
[7] found a 36.7% prevalence of pincer morphology in the
asymptomatic Indian population. There is limited data on FAI
prevalence in the Indian subcontinent, particularly among
symptomatic populations. Understanding its prevalence is
crucial for monitoring specific groups and preventing early
hip degeneration. Accurate diagnosis requires history, clinical
examination, and imaging, with radiographs as the first step
and computed tomography (CT) / magnetic resonance imaging
(MRI) for confirmation. Early detection allows for timely
intervention to preserve joint function. Current study aims to
determine the prevalence of radiographic morphology of FAI in
random individuals undergoing pelvic radiography at the tertiary
healthcare referral hospital. It also compares radiographic and
CT findings, offering a more accurate assessment to support
targeted interventions for preventing osteoarthritis in this
population. Secondary objectives were to assess etiological
factors associated with FAI and clinical management of
symptomatic hip pain patients prospectively.
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Materials and Methods.

This study is an observational, cross-sectional analysis
conducted at the Orthopedics department of tertiary health care
referral hospital from 2022 to 2024. Written informed consent
was obtained from all participants. Ethical clearance was granted
by the institution's ethical committee for this study. Patients were
selected based on following inclusion criteria: a) age between
18 to 50 years willing to answer history taking questions, b)
individuals presenting or being admitted in outpatient, inpatient,
emergency departments and ¢) undergoing pelvic radiographic
investigations in radiology department. Exclusion criteria
included a) patients with hip, pelvis or lower limb fractures, b)
previous hip surgery or history of hip pathology and treatment,
¢) pregnancy, d) moribund polytrauma and e) psychiatric illness.
Random sampling was done from a collective sample of random
individuals presenting to random specialty departments of the
hospital and undergoing pelvic radiographic imaging in the
radiology department. Sample size was calculated using power
analysis based on the expected prevalence of radiographic
morphology of FAI in Indian population [1]. After adjusting
for a 10% data loss factor and 5% chance of occurrence of
type 1 error for a 95% significance level, minimum sample
size required was 200. A computer-generated permuted block
randomization model was employed for random sampling of
final 610 individuals from a random pool of 1348 Indian people
in order to substantially enhance the power of study.

The study involved the radiographic evaluation of 610
individuals using pelvic radiographs (pelvis with bilateral hip
anteroposterior view, hip lateral view) to identify signs of FAIL
60 participants were not included in the final analysis due to
poor imaging. Finally, a random sample of 550 individuals with
1100 hips was achieved for further analysis. Sample displayed
homogeneity in terms of race, ethnicity and accurately
represented the general Indian population. History of groin pain
was also taken from the study participants. If present, groin
pain was assessed and scoring performed according to the Non-
Arthritic Hip Score. Patients with groin pain underwent pelvis
CT scans for confirmation of radiographic findings.

Radiographs were analyzed for qualitative signs of FAI such
as crossover sign, posterior wall sign, pistol grip deformity
and ischial spine sign. Quantitative parameters such as alpha
angle and lateral center-edge (LCE) angle were measured
using GeoGebra Geometry software, which permits geometric
constructions based on radiographic images. In order to warrant
the precision, repeatability and reproducibility of radiographic
measurements, a standardized measurement protocol was
followed thoroughly and a reliability analysis was conducted
to calculate Intraclass correlation coefficients (ICC). A single
observer blinded to the initial results, re-measured the angles in
50 randomly selected hips after an interval of 2 weeks to assess
intra-observer reliability. A second observer independently
measured the same set of 50 hips using the same software and
protocol to evaluate inter-observer agreement. CT scans were
evaluated for quantitative parameters such as alpha angle and
LCE angle. All data, including demographic details, baseline
characteristics, patient history, radiographic and CT findings,
were meticulously recorded on patient data sheets for further
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analysis. A patient reported questionnaire was prepared to assess
association with common etiological factors. Patients with
clinical symptoms were investigated by computed tomography
(CT) scans and conservatively managed along a standardized
longitudinal follow-up visit protocol.

Assessment of Pelvis CT scan:

. Alpha angle: Alpha angle was measured on the
coronal sections of the pelvic CT scans. “An abnormal alpha
angle suggesting FAI was defined as an angle > 50°” [§].

. The ‘Lateral center-edge angle’: LCE angle was
measured on the coronal sections of hip CT. An abnormal
center-edge angle was defined as an angle > 40° [9].

Analysis of Radiographic Findings:

. Radiographic Findings Categorization: Acetabular
Rotation Abnormalities (R): Includes the crossover sign, ischial
spine sign, and posterior wall sign. Acetabular Over-Coverage
Abnormalities (O): Includes the lateral center-edge angle and
acetabular index. Femoral Head-Neck Abnormalities (H):
Includes the alpha angle and pistol grip deformity.

. Classification of Hip Deformities: Cam Type:
Hips with femoral head-neck abnormalities (H). Pincer Type:
Hips with both acetabular rotation (R) and over-coverage
(O) abnormalities. Mixed Type: Hips exhibiting overlapping
features of cam and pincer deformities.

. Further Categorization Based on Abnormalities:
Type N: Normal hips without any abnormalities. Type I: Hips
with a single abnormality (R, O, or H). Type II: Hips with two
abnormalities (R/O, O/H, or H/R). Type III: Hips with all three
abnormalities (R, O, and H).

Statistical Analysis:

Statistical analysis was performed using SPSS software.
Pelvic radiographs were analyzed for abnormal morphologies,
both qualitative and quantitative. The presence of radiographic
signs of FAI and types of deformities were estimated and
tabulated by gender. Standard descriptive statistics like means,
standard deviations (SD), ranges and percentiles were employed
to describe the demographic and baseline characteristics.
Student’s t-test was applied for numeric variables and Chi-
square test for categorical variables and assessing associations
between different radiographic signs, hip deformities, and
gender. Additionally, the relationship between FAI, groin
pain and varied etiological factors were evaluated. The mean
alpha angle and mean LCE angle were calculated. Correlaton
between right and left sides was analyzed by Spearman’s
correlation coefficient. Findings based on the observations
between radiographs and CT scans were compared for abnormal
alpha and LCE angles. Multivariate logistic regression analysis
was used for determination of possible interactions between
observed parameters and etiological risk factor analysis. A
p-value<0.05 was considered statistically significant.

Results.

Radiographic morphology of FAI was prevalent in total
453 individuals (82%) and 803 hips (73%). Out of these, 350
individuals (77%) had bilateral (Figure 1) and 103 individuals
(23%) had unilateral (Figure 2) findings. Mean age of individuals
with mixed urban rural ethnicity was 32.3+17.8 years. Male to



Figure 1. Young adult of 37 years has developing bilateral painful Cam lesions, as clearly seen in following magnified views of bilateral femoral

necks.

Figure 2. Pistol grip deformity in CAM type of FAI of unilateral painful right hip as clearly seen on anteroposterior and lateral radiographs of

22 years old athlete.

Figure 3. Bilateral mixed type of FAI with bilateral LCEA > 40 degrees on measurement as depicted. Marked pistol grip deformity is evident in

left hip in 48 years old male patient.

female ratio was 2:1. ICC obtained for intra- and inter-observer
reliability were 0.97 and 0.91 respectively. This indicates
excellent reliability and repeatability of GeoGebra based hip
angle measurements in this study.

The most common radiographic abnormality evident was
abnormal lateral center-edge (LCE) angle, present in 359 hips
(32.6%) (Figure 3). This sign was more prevalent in females
(35.8%) than males (31.1%, p=0.6). The mean LCE angle
was 36.6° for males and 37.9° for females, with the highest
values being slightly higher in males (54.2°) compared to
females (53.6°). The crossover sign, an indicator of acetabular
retroversion, was the least common, found in 66 hips (6%). It
was slightly more common in males (6.6%) compared to females
(4.7%). The pistol grip deformity was observed in 152 hips
(13.8%), with a higher prevalence in males (16.9%) compared
to females (7.4%) demonstrating a significant difference
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between genders (p=0.024) (Figure 4). The ischial spine sign
was present in 138 hips (12.6%), more common in females
(16.9%) compared to males (10.6%). The posterior wall sign
was seen in 286 hips (26%), more common in males (27.1%)
than in females (23.6%). The abnormal alpha angle was present
in 294 hips (26.7%), occurring more frequently in females
(33.8%) compared to males (23.1%). The mean alpha angle was
45.4° for males and 47.3° for females, with the highest values
being similar (83.8° for males and 83.3° for females).

The most common deformity type was ‘pincer’ only, found
in 402 hips (36.2%) (Figure 5). The ‘cam’ only deformity
was present in 150 hips (13.5%), and mixed deformity was
observed in 251 hips (22.6%). Normal hips accounted for 297
hips (26.7%). Males had a marginally higher prevalence of cam
and pincer deformities and a slightly lower prevalence of mixed
deformities in comparison to opposite sex (p>0.05) (Table 1).



correlation.

Hips with a single abnormality were the most common, present
in 464 hips (42.2%), with acetabular rotational abnormality
(16.2%), femoral head abnormality (13.5%), and acetabular
over coverage (12.4%). Two types of abnormalities were found
in 261 hips (23.7%), with acetabular rotational and femoral
head abnormalities being the most common combination. Only
73 hips (6.6%) had all three types of abnormalities (Table 2).
100 (18.2%) out of total 550 patients reported presence of hip
or groin pain (p-value>0.05) and were prospectively analyzed
for natural history, evolution of symptoms along with outcomes
of conservative management along a standardized longitudinal
follow-up visit protocol. Painful hips were found in 110 out of
1,100 hips (10%), having mean NAHS of 81.4 with maximum
and minimum score of 93 and 62.5 respectively. 69 painful
hips (62.7%) in 62 individuals among these had radiological
morphology of FAI 55 (88.7%) out of 62 individuals reported
unilateral hip or groin pain. However, only 7 individuals
(11.3%) complained of bilateral groin pain and simultaneously
demonstrated radiographic morphology of both hips. 41 painful
hips (37.3%) in 38 individuals without any radiographic
morphology of FAI were diagnosed as muscle spasm, sprain or
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early stages of avascular necrosis of hip accordingly to the results of
further investigations like MRI. There was no significant difference
(p=0.139) between hips with or without radiological signs of FAI
regarding the presence of groin pain (Table 3). The pain was mild
to moderate in nature, aggravated on weight bearing, squatting and
clinical examination demonstrated pain on higher ranges of hip
internal rotation, flexion and abduction. Patients presented with
antalgic gait with shorter stance phase on the affected side.

We analyzed CT scans of the 100 patients (58 males, 42
females) who had pelvis x-rays for suspected FAI and presence
of groin pain. Cam morphology, indicated by the alpha angle,
was present in 54 hips on radiographs and 46 hips on CT
scans. Pincer morphology, measured by the LCE angle, was
found in 66 hips on radiographs and 70 on CT scans. Mixed-
type morphology was observed in 30 hips on CT scans. The
mean alpha and LCE angles were 47.3° + 9.7° and 37.1° +
7.3° on radiographs, compared to 44.1° = 9.1° and 39.2° +
6.3° on CT scans. Maximum alpha and LCE angles were 83.8°
and 54.2° on radiographs, and 78.6° and 56.7° on CT scans.
Tight correlation between both right and left hips was evident
(r=0.621, p-value<0.05).



Table 1. This table shows the distribution of prevalence of Cam, Pincer, and Mixed hip deformities divided by gender (N = number of hips having
the deformity).

% prevalence

% prevalence

% prevalence

14.2% 45 12.1% 150 13.5% 0.660
36.4% 133 35.8% 402 36.2% 0.917
22.1% 87 24.3% 251 22.8% 0.634
27.1% 97 27.7% 297 27.3% 0.911

Table 2. This table presents the number and prevalence of various types of hip abnormalities categorized into Type 1, Type 2, and Type 3, along
with the number of normal hips.

Table 3. This table summarizes the distribution of hips based on their radiographic findings suggestive of Femoroacetabular impingement (FAI),
categorized into painful and painless hips, along with the total counts in each category.

41 110

257 990

297 1100

The group of individuals with radiographic morphology of
FAI and presence of groin pain consisted of total 62 patients
with mean age of 39.7+20.8 years. 55 patients (88.7%) among
them demonstrated bilateral radiographic morphology, while
rest 7 (11.3%) had only unilateral. All had multiple radiological
morphologies of FAI present that significantly corelated with
CT scan findings. These patients were definitely diagnosed as
FAI. Natural history and causal etiological factors responsible
for the disease were searched for from detailed history taking
and pathological investigations. Etiological association of
FAI was noticed with age, height, body mass index, vitamin
D deficiency, trauma, prolonged squatting, repeated single
leg standing or jumping, physically demanding occupations,
competent endurance training, osteopenia, osteoporosis and
alcohol intake (p-value<0.05). All symptomatic patients
had association with more than one etiological factor. Linear
relationship was observed between the number of etiological
factors associated with the patient and clinical expression of
radiographic morphology of FAI as well as groin pain. Presence
of at least one etiological factor in all of the asymptomatic
patients with radiographic findings of FAI further validates the
causal association. After detailed counselling regarding prevention
or modification of the risk factors of FAI present, none of the patient
reported development of groin pain over time.

Natural history of FAI disease generally shows a gradual
protracted course with symptoms flair ups seen to be temporally
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associated with exposure to one or more of the above etiological
factors. In young athletic population, Cam deformity is
commoner as they undergo strenuous endurance training for
sports (Figure 6). Association of more than one etiological
factor, predispose them to development of pain symptoms.
Correct initiation of conservative management and avoidance of
associated postural or lifestyle related causal etiological factors,
successfully treat the symptoms and alter the natural course of
FAI This finding supports the basic developmental nature of
this disease commonly evident in adolescent males at the time
of physeal closure (Figures 7 and 8). Undiagnosed neglected
hip impingement pain when left untreated, overtime reveals
its natural course leading to distortion of hip anatomy, earlier
degenerative osteoarthritis, decrease in neck shaft angle causing
pistol grip deformity and eventually protrusio acetabuli (Figure
9). The affected limb is unable to bear body weight in upright
posture and the patient is finally self-forced to mobilize with
trunk flexed at the pelvis with the aid of support.

In patients having mixed associated acetabular over-coverage
and minimal anterior head-neck offset, trivial trauma due to
prolong stressful squatting posture causes bony impingement
between the two closely contacting bony surfaces and resultant
stress fracture development through the pathological bone
on the anterosuperior surface of head-neck junction. Timely
rest and conservative treatment show promising functional
results in terms of union, range of motion and gait recovery



Figure 6. Young patient of 20 years doing athletics endurance training for past 4 years, maltreated by massage, presenting with bilateral marked
radiographic Cam morphology and demonstrating symptomatic right groin pain on squatting.

Figure 7. 19 years old male, physiotherapy student, gives positive history of habitual squatting posture during daily activities and presents with
moderate right hip pain of mid-term duration. Radiograph demonstrates bilateral (right>left) developing Cam lesions at anterosuperior head neck

epi-metaphyseal junction due to non-anatomical physeal overgrowth.

Figure 8. 20 years male shoe factory labourer with 3 years history of daily occupational prolong squatting mal-posture present with bilateral

mixed FAI and moderate right groin pain being exaggerated by work.

(Figure 10). Neglected inadequate treatment of the pathology
further instigates the rate of bilateral hip osteoarthritis due to
development of abnormal bony contacts and joint reaction forces
from resulting coxa-vara. Patient’s ability to bear body weight
gets compromised as he continues exposure to associated risk
factors, thereby reducing the limb function and quality of life
(Figure 11).

Conservative management of symptomatic patients in the
form of rest, posture correction, lifestyle modification, physical
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therapy, gait training, hip joint hydro dilation with saline
injection, platelet rich plasma injection, anti-osteoporotic
treatment, guided resistance training along with oral calcium,
vitamin D and collagen supplementation showed promising
outcomes at prospective longitudinal follow-up of 2 years, with
mean NAHS score of 97.5, with maximum and minimum score
of 100 and 93 respectively. None of the patients developed
radiological signs of hip osteoarthritis. NAHS is a patient
reported outcome measure and demonstrated a significant rise



Figure 9. Radiographs of 2 middle aged female patients, 45 and 49 years of age showing painful mixed FAI and advanced osteoarthritis.
Common associated etiological factor was housemaid occupation requiring continuous squatting posture. Misdiagnosed and further neglected
hip impingement pain when left untreated, overtime reveals its natural course leading to distortion of primary hip anatomy, earlier degenerative
osteoarthritis, decrease in neck shaft angle causing coxa vara and eventually protrusio acetabuli.

o T .

»

Figure 10. 42 years old male, alcoholic patient history of prolong squatting for recreational purposes, having mid-term insidious groin pain due
to bilateral mixed FAI naturally coursed into acute hip pain aggravating on internal rotation, during an episode of prolong squatting posture.
X-rays reveal fragile fracture line running across the Cam lesion in the neck femur. Patient undergo timely rest and conservative management
involving anti-osteoporotic medications. Monthly radiographs were taken to assess fracture union for 3 months as shown above. Callus formation
was evident on final Xray and gradual partial weight baring was initiated with the aid of walker. Patient is walking pain-free without support at 9
months. Full range of motion is regained successfully through physiotherapy.
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Figure 11. 27 years old long jumper having a past history of femoral
neck stress fracture while jumping 2 years back. Neglected inadequate
treatment of the pathology further instigates the rate of bilateral hip
osteoarthritis due to development of abnormal bony contacts and joint
reaction forces from resulting coxa-vara. Patient’s ability to bear body
weight gets compromised as he continues exposure to associated risk
Bt s b ien e L fervaive
management (p=0.01). This increment in mean NAHS score
after conservative treatment was higher than minimal clinically
important difference reported earlier. The statistically significant
improvement in NAHS validates the efficacy of conservative
management in clinical treatment of FAIL

Discussion.

FAI is an evolving clinical entity wherein abnormal hip
morphology and altered biomechanics contribute to early
degenerative changes in the hip joint [2,10]. Our findings indicate
a prevalence of 73% for radiographic FAI, which is significantly
higher than what has been reported in other studies. For instance,
Agricola et al. (2013) [11] and Reichenbach et al. (2011) [12]
reported prevalence rates of 67% and 60%, respectively, among
asymptomatic individuals. These differences likely stem from
variations in study populations, imaging techniques, and
diagnostic criteria. Our higher FAI detection rate may result
from a rise in number of patients seeking healthcare services,
leading to greater identification of FAI abnormalities.

Our study found that 36.2% of hips had pincer deformities,
13.5% had cam deformities, and 22.8% exhibited mixed
deformities. These results are slightly lower than those reported
in Mascarenhas et al.'s systematic review, which found a
57% prevalence for pincer impingement and 22% for cam
impingement among asymptomatic individuals [13]. Variations
in the prevalence of different deformity types across studies can
be attributed to differences in population characteristics and
diagnostic approaches. We observed a significant proportion
of bilateral deformities, with 77% of patients exhibiting this
feature. This prevalence is consistent with findings by Byrd
and Jones (2009) [14]. Despite the high prevalence of FAI in
our cohort, only 10% of hips were symptomatic, and 62.7% of
these painful hips exhibited FAI morphology. No significant
association was found between radiographic morphology of
FAI and groin pain, aligning with results from Hasegawa et al.
(2020) [5]. This suggests that while FAI is common, its direct
link to pain and degeneration may need further investigation.
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Our study revealed that the most common radiographic
finding of FAI was an abnormal lateral center-edge (LCE)
angle, indicating acetabular over-coverage (32.6%), while the
crossover sign, an indicator of acetabular rotation abnormality,
was the least common (6%). This is in contrast to previous
study which identified the crossover sign as the most prevalent
radiographic finding in similar population groups [1]. Derived
high prevalence of radiographic morphology of FAI in both
symptomatic and asymptomatic individuals provide substantial
evidence regarding the pervasive and progressive nature of this
developmental disorder. Nontreated pathological changes of FAI
can decrease work capacity, quality of life and independency of
affected individuals. Current study presents FAI as a major cause
of developmental hip pain in adult Indian population. Further
prognostic evaluation of affected population is necessary so as
to formulate a universal classification and grading system for
this diagnosis. In athletes and individuals having physically
demanding occupations, FAI develops insidiously and naturally
courses into hip osteoarthritis at rates swifter than the normal
population. Negative calcium bone metabolism causes similar
changes overtime even in sedentary individuals. Primary
clinical diagnosis and treatment of FAI is need of the hour for
the existent Indian population. Clinicians require to maintain a
high degree of suspicion in order to timely and correctly manage
this developmental disorder of adults, in order to limit future
morbidity and disability.

Role of pincer deformity in the development of osteoarthritis
remains unclear, with some studies suggesting a protective
effect [15]. Cam deformity, on the other hand, is known to be
a significant risk factor for groin pain, though not all cases of
cam deformity led to symptoms or osteoarthritis [16]. Studies
have identified additional morphologies beyond what standard
radiographs can detect, making CT scans increasingly important
for FAI assessment [17]. The lateral center-edge angle (LCE
angle) is often used to identify pincer morphology, but its
interpretation varies, with most studies suggesting an abnormal
angle is greater than 40° [18]. Advanced imaging techniques,
including CT scans, are becoming essential in preoperative
planning and diagnosis, but methods for measuring LCEA need
further validation [19]. Our research compared alpha and LCE
angles on radiographs and CT scans, showing higher maximum
alpha angles and mean LCE angles than those in previous studies
[20]. While CT scans offer clear depictions of bone deformities,
they come with drawbacks such as higher radiation exposure
and costs. MRI, while useful for visualizing anatomical
structures, lacks the three-dimensional reformatting capabilities
of CT [20]. Three-dimensional imaging can enhance diagnostic
accuracy, but radiographs are still commonly used, despite their
limitations. Future assessments might benefit from integrating
various imaging techniques and accounting for pelvic tilt [21].
Present study highlights dominant etiological factors found
associated with FAI. Symptomatic patients with radiographic
morphology of FAI reported history of adolescence trauma to
the hips, increase in groin pain with rise in age, body height
and body mass index. Pathological investigations revealed
vitamin D insufficiency and rise in markers of bone resorption
such as serum alkaline phosphatase. Clinical examination



revealed osteopenia and osteoporosis related bony pains that
were differentiated using bone mineral densitometry in older
patients. Lifestyle related factors such as prolonged squatting,
repeated single leg standing or jumping, physically demanding
occupations such as police, army, shoe factory workers, manual
labourers and competent endurance training for sports were
readily evident as correlated causal factors and suggested
towards the acquired nature of this deformity. Certain patients
did report presence of similar symptoms in family members and
siblings sharing blood relations and lifestyle. Genetic basis of
this disease cannot be ignored and attracts future research [22].

Conservative approach of management has been studied and
validated in global researches for FAI. Regular and prolonged
adherence to postural correction, lifestyle modification and
guided resistance training protocols lead to comfortable complete
recovery of FAI patients [23]. Inclusion of core strengthening
exercises along with resistance exercises of hip musculature is
deemed necessary for restoration of biologically healthy pelvic
anatomy [24]. Gait training focuses on maintenance of normal
speed gait with decreased stride length and increased ankle
push off at terminal stance phase with erect spinal posture, in
order to stabilize hip joint reactive forces at the terminal range
of motion [25]. Overuse or over training of FAI effected hip
can cause muscle soreness, joint effusion and pain inhibition.
This is solely preventable by vigilant counselling of both
patients as well as training physiotherapists, guiding them to
strictly promote adherence to prescribed gradually progressive
resistance training program, defined safety protocols while
performing overactivity and inclusion of sufficient rest periods
in between exercises. Regular resistance training periods and
walking sessions are included in daily routine in order to
preserve sustainability and strength of hip joint biomechanics
with advancing age.

Significance of this study is augmented by achievement of
excellent intra- and iter-observer reliability and repeatability of
GeoGebra software based radiographic hip angle measurements.
Evidence regarding higher than existent prevalence of
asymptomatic FAI radiographic morphology and its association
with groin pain in symptomatic patients is clear and present.
In comparison to similar population-based prevalence studies
conducted globally, higher values are obtained in current study
involving homogenous Indian population of mixed urban and
rural backgrounds. Still prevalent malnourishment, osteopenia,
low socio-economic status and sedentary lifestyle have causal
etiological association as evident by significantly improved hip
scores demonstrable after modifying these risk factors through
monitored conservative treatment. Clinically, young adult males
present with cam type FAI deformity after regular overloading
of hip joint with abnormal reactional forces. Older adult males
display development of concomitant pincer morphology. On the
other hand, adult females predominantly present with mixed
type FAI Neglected and misdiagnosed FAI can naturally course
into advanced primary hip osteoarthritis with limitation of range
of motion and femoral neck stress fracture on trivial injury
in asymptomatic population with radiographic morphology
of FAIL Clinically disabling nature of FAI in symptomatic
population raises an alarming bell for clinical intervention in the
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asymptomatic population with radiographic morphology of FAI
Regular trivial trauma sustained to the susceptible hip during
daily activities by the latter can eventually lead to progression
of the developmental pathology of FAI Increase in the values
and number of radiographic morphological signs of FAI present
in an asymptomatic hip naturally increase gradually overtime if
activity modification is not initiated. Basically, early recognition
and treatment of this pathology can surely halt its progression.
Reversal of the radiographic morphology on further continuous
conservative interventions is a topic for future research in this
peculiar patient group.

Our study has limitations, including challenges in precisely
measuring anterior head-neck offset because of varying
positioning of amplification indicator. We did not analyse the
acetabular index or os acetabuli, and our reliance on radiographs,
while cost-effective, limited the accuracy of alpha angle
measurements compared to CT or MRI. The single-center study
design may introduce selection bias, and the low occurrence of
groin pain limited our evaluation of symptomatic FAI. Future
research with larger, more diverse populations and advanced
imaging is needed to address these limitations and better
understand FAI's progression to osteoarthritis. FAI is a chronic
hip disease that develops over time due to repeated microtrauma
to the intra and juxta-articular structures. The inflammatory and
pathological changes of FAI create intraarticular stress areas that
might add up with concomitant bony weakness present to end up
in creating an intraarticular femoral neck fracture occurring on
trivial falls. Further long-term prospective longitudinal follow-
up studies of these patients are necessary and planned in order
to reveal the natural course and modifiability of this structural
abnormality.

Conclusion.

Our study reveals a high prevalence of Femoroacetabular
impingement (FAI) in the Indian population, with 73% of hips
exhibiting radiographic signs of FAI. Notably, only 10% of hips
experienced groin pain, suggesting that structural abnormalities
are widespread even among asymptomatic individuals. 62.7%
of painful hips showed radiographic morphology of FAI that
was validated on CT scans. These findings highlight the need
for comprehensive screening and precise imaging, such as
CT imaging, to accurately diagnose and monitor FAI. Causal
etiological association found out can successfully guide future
self-preventive measures required to prevent development of
this musculoskeletal disease in young adults. Continuously
monitored conservative management shows encouraging results
with possible pain free survival. Ethnic or regional variations in
FAI prevalence underscore the importance of tailored diagnostic
approaches. Long-term follow-up and further research are
crucial to understand the progression of FAI to osteoarthritis
and to evaluate preventive interventions.
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