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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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.
Introduction.

Femoroacetabular Impingement (FAI) is a condition 
where anatomical incongruences between femoral head 

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 c) 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, 
c) 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 FAI. 
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 

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°” [8].

•	 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 



67

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 

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). 

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.
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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 

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).

Figure 4. Bilateral mixed type of FAI confirmed by CT scan angle measurements of LCEA and alpha angles, showing evident pistol grip deformity 
in both hips of a 46-year-old male patient.

Figure 5. Pincer type of FAI of right hip of 43 years old male farmer diagnosed by LCEA measurement on radiograph and validated on CT 
correlation.
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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 

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 

Hip 
Deformity 

Male Hips (n=738) Female Hips 
(n=362) Total Hips (n=1100) 

P value 
N % prevalence N % prevalence N % prevalence 

‘Cam’ only 105 14.2% 45 12.1% 150 13.5% 0.660 
‘Pincer’ only 269 36.4% 133 35.8% 402 36.2% 0.917 
Mixed 164 22.1% 87 24.3% 251 22.8% 0.634 
Normal 200 27.1% 97 27.7% 297 27.3% 0.911 

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). 

HIP ABNORMALITY SUBTYPE NUMBER % PREVALENCE 

TYPE 1 

O 138 12.4% 
R 179 16.2% 
H 150 13.5% 
Total 467 42.2% 

TYPE 2 

OR 84 7.5% 
HO 61 5.5% 
HR 118 10.6% 
Total 263 23.7% 
   

TYPE 3 ORH 73 6.6% 
Normal hip N 297 27.3% 

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. 

 Number of hips with FAI Number of hips without FAI Total 
Number of painful hips 69 41 110
Number of painless hips 734 257 990 
Total 803 297 1100 

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. 
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(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 

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 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.



71

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.

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 
factors, thereby reducing the limb function and quality of life.of 16.1 points after 2 years of strictly adhered conservative 
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 FAI.
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. 

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 
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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 FAI. Clinically disabling nature of FAI in symptomatic 
population raises an alarming bell for clinical intervention in the 

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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ფემოროაცეტაბულური იმპინგმენტი: რადიოლოგიური 
მორფოლოგიის გავრცელება ინდოეთის პოპულაციაში, 
ეტიოლოგია და კლინიკური მართვა

დოქტორი ამრიტ გოიალი1, დოქტორი ვივეკ მიტალი1, 
დოქტორი კ.ს. დინკარი1, დოქტორი მაიურ გუპტა1, 
დოქტორი ამიტ აგარვალი1, დოქტორი ჰარი სინგჰი2

1ორთოპედიის განყოფილება, საროჯინი ნაიდუს 
სამედიცინო კოლეჯი და საავადმყოფო,

2რადიოდიაგნოსტიკის განყოფილება, საროჯინი 
ნაიდუს სამედიცინო კოლეჯი და საავადმყოფო, აგრა, 
უტარ-პრადეში, ინდოეთი.

რეზიუმე
შესავალი: ფემოროაცეტაბულური იმპინგმენტი (FAI) 

ხშირად შეუმჩნეველი მიზეზია თეძოსა და საზარდულის 
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ტკივილისა მოზარდებსა და მოზრდილებში. თუ არ 
მოხდება მისი მკურნალობა, ის ადრეული პირველადი 
ბარძაყის სახსრის ოსტეოართრიტის წინამორბედია. 
ინდოეთის მოსახლეობაში მუცლის ღრუს 
არტერიების ინფექციის გავრცელება არასაკმარისად 
არის დოკუმენტირებული. ამჟამინდელი კვლევის 
მიზანია მუცლის ღრუს არტერიების დაზიანების 
რენტგენოგრაფიული მორფოლოგიის გავრცელების 
დადგენა შემთხვევით პირებში, რომლებსაც ჩაუტარდათ 
მენჯის რენტგენოგრაფია მესამეული ჯანდაცვის 
რეფერალურ საავადმყოფოში და გააანალიზოს 
მასთან დაკავშირებული საზარდულის ტკივილი, 
ეტიოლოგიური ფაქტორები და კლინიკური მართვა.

მეთოდები: ამ დაკვირვებით ჩატარებულ კვლევაში 
მონაწილეობდა 18-დან 50 წლამდე ასაკის 550 
პაციენტი. მენჯის რენტგენოგრაფიული სურათები 
პერსპექტიულად გაანალიზდა მუცლის ღრუს 
არტერიების დაზიანების ნიშნების დასადგენად. 
საზარდულის ტკივილი შეფასდა არაართრიტული 
ბარძაყის სახსრის ქულით (NAHS). ბარძაყები 
კლასიფიცირდა არსებული რადიოლოგიური 
დარღვევების და სიმპტომური საზარდულის 
ტკივილის რაოდენობის მიხედვით. კლინიკური 
სიმპტომების მქონე პაციენტები გამოკვლეული იქნა 
კომპიუტერული ტომოგრაფიის (CT) სკანირებით და 
კონსერვატიულად იმართნენ. ეტიოლოგიური რისკ-
ფაქტორების ანალიზისთვის გამოყენებული იქნა 
მრავალვარიანტული ლოგისტიკური რეგრესიული 
ანალიზი.

შედეგები: მუცლის ღრუს დაზიანების 
რენტგენოგრაფიული მორფოლოგია გავრცელებული 
იყო სულ 453 პირში (82%) და 803 პირში (73%). მათგან 
350 პირში (77%) იყო ორმხრივი და 103-ში (23%) - 
ცალმხრივი დაზიანებები. კვლევის პოპულაციის 
საშუალო ასაკი, რომელიც შედგებოდა შერეული 

ქალაქ-სოფლის ეთნიკური წარმომავლობისგან, იყო 
32.3+17.8 წელი. მამრობითი და მდედრობითი სქესის 
თანაფარდობა იყო 2:1. გვერდითი ცენტრი-კიდის კუთხე 
ყველაზე ხშირი ნიშანი იყო (32.6%), ხოლო გადაკვეთის 
ნიშანი ყველაზე იშვიათი (6%). პინსერის მორფოლოგია 
დომინანტური ნიშანი იყო (36.2%), შემდეგ შერეული 
(22.8%) და კამ (13.5%). მათ შორის, მხოლოდ 110 თეძოს 
სახსარში (10%) კლინიკურად აღენიშნებოდა ტკივილი 
(NAHS საშუალო ქულით 87.4), საიდანაც 69 თეძოს 
სახსარში იყო მუცლის ღრუს ანთებითი დაავადების 
მრავლობითი რადიოლოგიური მორფოლოგია, 
რომელიც მნიშვნელოვნად უკავშირდებოდა 
კომპიუტერული ტომოგრაფიის მონაცემებს. შედეგის 
მნიშვნელოვანი კავშირი (p-მნიშვნელობა <0.05) 
გამოვლინდა დემოგრაფიულ პარამეტრებთან, საწყის 
მახასიათებლებთან და მრავალ ეტიოლოგიურ 
ფაქტორთან.

დასკვნა: მუცლის ღრუს ანთებითი დაავადების 
რენტგენოგრაფიული მორფოლოგია გავრცელებულია 
შესწავლილი ინდოელი პოპულაციის 82%-ში და თეძოს 
სახსრის საერთო რაოდენობის 73%-ში. ეს მონაცემები 
ზუსტად დადასტურდა კომპიუტერული ტომოგრაფიით 
სიმპტომური პაციენტების 10%-ში. გამოვლენილი 
მიზეზ-ეტიოლოგიური კავშირი წარმატებით 
განსაზღვრავს ახალგაზრდებში ამ კუნთოვანი 
დაავადების განვითარების თავიდან ასაცილებლად 
საჭირო სამომავლო თვითპროფილაქტიკურ ზომებს. 
გრძელვადიანი კონსერვატიული მართვა აჩვენებს 
წამახალისებელ შედეგებს უმტკივნეულო გადარჩენის 
შესაძლო შესაძლებლობებით.
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