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ABSTRACT

Frequencies of combined abnormalities of femoral version (FV) and acetabular version (AV) and of abnormalities of the McKibbin index are
unknown. To investigate the prevalence of combined abnormalities of FV and AV and of abnormalities of the McKibbin index in symptomatic
patients with femoroacetabular impingement (FAI), a retrospective, Institutional Review Board (IRB)-approved study of 333 symptomatic
patients (384 hips) that were presented with hip pain and FAI was performed. The computed tomography/magnetic resonance imaging based
measurement of central AV, cranial AV and FV was compared among five subgroups with distinguished FAI subgroups and patients that under-
went a hip preservation surgery.The allocation to each subgroup was based on AP radiographs. Normal AV and FVwere 10–25◦.TheMcKibbin
index is the sum of central AV and FV. Of patients that underwent a hip preservation surgery, 73% had a normal McKibbin index (20–50◦) but
27% had an abnormal McKibbin index. Of all patients, 72% had a normal McKibbin index, but 28% had abnormal McKibbin index. The preva-
lence of combined abnormalities of FV and AV varied among subgroups: a higher prevalence of decreased central AV combined with decreased
FV of patients with acetabular-retroversion group (12%) and overcoverage (11%) was found compared with mixed-type FAI (5%). Normal AV
combined with normal FV was present in 41% of patients with cam-type FAI and in 34% of patients with overcoverage. Patients that underwent
a hip preservation surgery had normal mean FV (17± 11◦), central AV (19± 7◦), cranial AV (16± 10◦) and McKibbin index (36± 14◦).
Frequency of combined abnormalities of AV and FV differs between subgroups of FAI patients. Aggravated and compensated McKibbin index
was prevalent in FAI patients.This has implications for open hip preservation surgery (surgical hip dislocation or femoral derotation osteotomy)
or hip arthroscopy or non-operative treatment.

INTRODUCTION
Combined acetabular version (AV) and femoral version (FV)
are becoming increasingly recognized as important factors in
patients with femoroacetabular impingement (FAI). Both have
a profound influence on hip range of motion [1, 2], especially
internal and external rotations [1, 3]. Combined abnormalities
of AV and FV were associated with hip pain and hip degen-
eration before the description of FAI [4]. Although this has
been well investigated in the arthroplasty literature [5, 6], their
prevalence and their influence on the hip joint in patients with
FAI are discussed controversially. The prevalence of increased
and decreased FV varies in the literature and depends on the
measurement method. Previous reports are characterized by dif-
ferent definitions for the normal values of FV and a large hetero-
geneity ofmeasurement techniques and imagingmodalities.The
reported prevalence of patients with abnormal FV in FAI ranged
from 13% [7] to 24% [8] for <5◦ and from 15% [8] to 34% [1]

for >20◦. A prevalence of increased FV > 25◦ of 22% was found
for patients with hip dysplasia [4].The effect of= both increased
and decreased FV was investigated for patients that underwent
hip arthroscopy [9]. Recently, decreased FV has been identified
as a factor associatedwith a revision surgery after hip arthroscopy
at 2-year follow-up [10]. Variations in FV and McKibbin index
were recognized as contributing factors to hip pain and FAI
[11]. However, a recent systematic review investigating the influ-
ence of FV for the outcome of hip arthroscopy summarized five
studies [12] and they reported that hips with normal FV and
hips with femoral retroversion (FV < 5◦) exhibited mostly sim-
ilar outcome scores and similar failure rates [12]. It has been
previously described that abnormal AV, mainly acetabular retro-
version can be associated with hip pain [13], hip impingement
[16] and the development of osteoarthritis of the hip [4, 15].

Variations in rotational morphology of both the acetabulum
and proximal femur play a large role in the biomechanics of the
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hip joint. Severe femoral and acetabular retroversion was asso-
ciated with anterior extra-articular subspine hip impingement
[2, 16]. While increased FV was associated with in-toeing gait
[17] and posterior extra-articular ischiofemoral hip impinge-
ment [14] that could potentially lead to hip instability. A recent
studyhas shown that abnormalities of FVcanoutweigh the effect
of cam impingement on hip internal rotation [18]. But these
rotational deformities and abnormalities of the McKibbin index

Fig. 1. Exclusion criteria and subgroups for the patients are shown.

remain poorly understood and different measurement methods
and definitions of abnormal FV add confusion.

The clinical significance of combined abnormalities of FV and
AV in FAI patients undergoing a hip preservation surgery is con-
troversial [1, 3, 19–21]. Especially two combined abnormalities
of FV and AV could be a concern for patients undergoing a hip
preservation surgery because they could aggravate each other.
IncreasedFVcombinedwith increasedAV results in a highMcK-
ibbin index and increases hip internal rotation [1, 3] and could
be contributing factors to anterior hip instability [14]. On the
other hand, decreased FV combined with decreased AV results
in a low McKibbin index and decreased hip internal rotation [1]
and could aggravate anterior hip impingement conflict [2]. The
aim of this study was to investigate the prevalence of these unfor-
tunate combinations. Furthermore, it is unclear if specific sub-
types of FAI are associated with abnormalities of the McKibbin
index.

Thus, the purpose of this study is to investigate the prevalence
of combined abnormalities of FV andAV and of abnormalities of
the McKibbin index in symptomatic FAI patients.

PATIENTS AND METHODS
This is an IRB-approved retrospective study of 333 patients
(384 hips) seeking to compare abnormalities of FV and AV
among different distinguished subgroups of FAI. All symp-
tomatic patients that had been referred to the university hospital
of Bern in a 5-year period were evaluated for a hip preservation
surgery ( January 2011–December 2015). All patients presented
with pain at the time of image acquisition. Inclusion criteria
included the presence of hip pain, radiographic signs of skele-
tal maturity, no previous surgery of hip joint altering AV and/or
FV, no post-traumatic condition, no avascular necrosis of the
femoral head, availability of standard plain radiographs and the

Table I. (A)Definition of study groups. The allocation to a specific group was performed based on the morphological analysis of the conven-
tional anteroposterior pelvic radiograph and the cross-table lateral radiographs of the hip. (B) Excluded patients are listed below with the
definitions. See also Fig. 1

(A) Group Definition Number of hips (patients)

Total 384 (333)
Subgroups Five subgroups were analysed.
Cam-type FAI Alpha angle > 50◦ [29] with neck-shaft angle of 125–140◦ and with normal

acetabulum (LCE angle 23–33◦) [30], not all retroversion signs positive
165 (142)

Mixed FAI* Alpha angle > 50◦ [29] and LCE angle 34–39◦, not all retroversion signs positive 137 (118)
Overcoverage LCE angle 34–39◦ [30] with alpha angle < 50◦, not all retroversion signs positive 38 (33)
Severe overcoverage LCE angle > 39◦ [4], and/or protrusio acetabuli (defined as femoral head

touching or crossing the ilioischial line)
46 (41)

Acetabular Retroversion Positive cross-over sign [13], positive ischial spine sign [53], positive posterior
wall sign [13], retroversion index > 30% [35] and independent from alpha angle

77 (65)

(B) Excluded

Hip Dysplasia LCE angle < 22◦ [30] 90 (78)
Perthes Documented avascular necrosis of femoral head in childhood 30 (25)
No obvious pathology No obvious acetabular and femoral pathology, normal LCE angle (22–34◦) and

normal alpha angle (< 50◦)
23 (19)

THA Patients treated with total hip arthroplasty (THA) 11 (11)

FAI= femoroacetabular impingement; LCE= lateral centre edge angle.
*The hips in the mixed group can overlap with the other subgroups.
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availability of either computed tomography (CT) [22] or mag-
netic resonance imaging (MRI) of the pelvis/hip including the
distal femur condyles [23] to allow for measurement of FV
according to the method described by Murphy et al. [24]. Out
of a total of 462 patients (538 hips) of a previous study [11], 154
hips were excluded for the following reasons: hip dysplasia [78
patients (90 hips)], patients with Legg-Calvé-Perthes disease
[25 patients (30 hips)], patients with no obvious pathology
[19 patients (23 hips)] patients with osteoarthritis that under-
went THA and avascular necrosis of the femoral head [5 patients
(5 hips), Fig. 1].This resulted in a total of 384hips in 333patients
for inclusion in this study (Table I).

As part of the routine workup, all patients were clinically eval-
uated by one of the attending hip surgeons (KAS and MT) with
more than 10 years of experience in the hip preservation surgery.
This included a thorough acquisition of the patient history,
a goniometric measurement of the hip range of motion, the
evaluation of the anterior and posterior impingement tests
[25], the assessment of hip instability [26] (using the posterior
impingement test or the FABER tests), the assessment of abduc-
tor strength [27] and general joint laxity [28]. The posterior
impingement test was used as a potential indicator for anterior
hip instability [25].

Routine radiographic evaluation generally consisted of a
supine anteroposterior (AP) pelvic radiograph takenwith a stan-
dardized technique [25] and a cross-table lateral radiograph of
the hip. Additional projections or functional viewswere acquired
if needed for diagnosis or surgical planning. The AP pelvic
radiograph was then assessed with previously described and
validated computer software (Hip2Norm) to correct for pelvic
tilt and obliquity if needed. This software allows accurate and
reliable measurement of eight radiographic parameters of the
hip. The alpha angle was measured as a measure of femoral
asphericity on the axial cross table radiograph. All radiographic
measurements were performed by two independent observers
(TDL and IAST) with experience in musculoskeletal radiol-
ogy. Good interobserver reliability was described in a previous
publication [11].

Based on the analysis of the conventional supine radio-
graphs, the patient cohort was subdivided into five different
subgroups (Table I): (i) cam-type FAI (alpha angle >50◦), (ii)
Pincer-type FAI due to overcoverage [lateral centre edge (LCE)
angle 35–39◦], (iii) Pincer-type FAI due to severe overcoverage
(LCE angle > 39◦), (iv) Pincer FAI due to acetabular retrover-
sion and (v) mixed-type FAI. The allocation to each group was
based on previously published reference values for acetabular

Table II. Radiographic parameters and surgical treatment of all patients and of the subgroups are shown

Parameter
Overall study
group

Patients
treated
surgically

Patients
treated
non-surgically Overcoverage

Severe over-
coverage

Retroverted
acetabulum

Cam-type
FAI

Mixed-type
FAI

Number of hips
(patients)

384 (333) 192 (170) 192 (163) 38 (33) 46 (41) 77 (65) 165 (142) 137 (118)

Age at imaging
(years)

33± 12
(14–71)

31± 11
(14–60)

33± 12
(16–71)

30± 12
(15–71)*

39± 11
(17–60)

27± 9
(14–59)

34± 12
(16–65)

31± 11
(14–67)

LCE angle (◦) 33± 7
(23–63)

33± 7
(23–63)

33± 7
(23–52)

35± 2
(32–40)

45± 5
(36–63)

35± 7
(23–54)

28± 3
(23–35)

37± 6
(23–63)

Acetabular index
(%)

1± 6
(−14–21)

0± 6
(−14–17)

2± 5
(−14–21)

−1± 5
(−13–9)

−6± 5
(−14–2)

0± 5
(−14–15)

5± 5
(−9–21)

−1± 5
(−12–17)

Extrusion index
(%)

18± 7
(−3–36)

18± 7
(−3–36)

17± 7
(−1–36)

15± 4
(10–26)

7± 5
(−3–22)

16± 7
(1–29)

22± 5
(10–36)

15± 5
(−1–29)

Retroversion index
(%)

15± 18
(0–100)

15± 16
(0–63)

15± 19
(0–100)

11± 10
(0–29)

6± 9
(0–28)

43± 16
(30–100)

8± 9
(0–45)

22± 21
(0–100)

Neck-shaft angle
(◦)

131± 6
(107–161)

132± 7
(110–161)

130± 7
(107–148)

133± 8
(117–161)

130± 7
(118–153)

131± 7
(110–146)

130± 6
(107–148)

130± 7
(110–150)

Alpha angle (◦) 61± 11
(33–95)

61± 11
(35–95)

59± 11
(33–88)

46± 7
(33–65)

55± 13
(38–85)

58± 12
(37–87)

65± 9
(51–95)

64± 9
(50–91)

Cross-over sign
pos. (%)

81% 82% 79% 84% 59% 100% 78% 85%

Posterior wall sign
pos. (%)

60% 59% 61% 50% 41% 100% 53% 68%

Ischial spine sign
pos. (%)

62% 65% 59% 66% 57% 100% 41% 82%

COS, PWS, ISS
and RI > 30%

36% 39% 33% 0% 0% 100% 0% 38%

Surgical treatment 50% 100% 0%
SHD 33% 65% 0% 32% 48% 30% 22% 40%
HAS 15% 29% 0% 5% 7% 8% 24% 9%
PAO 3% 6% 0% 0% 0% 16% 0% 6%

Continuous values are expressed as mean± SD with range in parentheses, LCE= lateral centre edge angle, FAI= femoroacetabular impingement; COS=Cross-over sign;
ISS= ischial spine sign; PWS= posterior wall sign; RI= retroversion index; SHD= surgical hip dislocation including femoral osteotomies, PAO= periacetabular osteotomy;
HAS= hip arthroscopy.
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and femoral morphology (Table I) [4, 29, 30]. Half of the
384 hips (333 patients) with FAI underwent surgical treatment
(192 hips, 50%), and the mean age of all patients was 33 years
(Table II). An equal number of hips were treated operatively and
non-operatively (192 and 192 hips, Table II) with 170 (51%)
patients in the operative group and 163 (49%) patients in the
non-operative group. Overall, hip arthroscopy and open surgi-
cal hip dislocation were most often performed for treatment of
these patients (Table II). Hip arthroscopy was most often per-
formed for patients with cam-type FAI while open surgical hip
dislocation was most often performed for patients with severe
overcoverage (Table II). A minority of patients with mixed-type
FAI can be in more than one subgroup. The sum of the hips in
subgroups can be higher than 384 hips.

In order to calculate FV and AV, all symptomatic patients
either underwent standardized protocol-specific magnetic reso-
nance imaging (68% of the patients) and/or CT of the hip. The
use of each of these imagingmodalities for this purpose has been
validated by previous studies that compared the measurement
of FV [31] and AV [32] on MRI and on CT, which showed
comparable results and good correlation [33]. MR arthrography
[34, 35] was obtained according to a standardized technique.
In brief, the scans were performed using a Siemens TRIO 3.0T
high field scanner (Erlangen, Germany). The patients were posi-
tioned supine, and the feet were fixed using tape in a neutral
position to prevent motion during scanning. A radial proton
density sequence was acquired for evaluation of chondrolabral

lesions. Sagittal and coronal proton density-weighted and axial
T1-weighted were acquired of which the axial slices were used
for measurements of FV and AV. A second axial T1-weighted
sequence of the femoral condyles was used for measurements
of FV [11, 36]. These sequences were taken immediately after
the original axial T1-weighted sequences and the patient was
instructed not to move the leg to ensure the accurate measure-
ment. If needed for surgical planning, CT was acquired in a
minority of patients according to a previously validated protocol
[2] in supine position. A slice thickness of 2mm and an interval
of reconstruction of 1.7mm were chosen. Radiation dose of the
pelvic CT scan had a range between 119 and 539 mGycm (dose
length product).

FV was measured according to Murphy et al. [24] by two
different independent observers (TDL and FS) using three ref-
erence points on transverse slices at different femoral locations:
the femoral head centre, the centre of the base of the femoral
neck and the condylar axis. The method described by Murphy
et al. is performed by superimposing the centre of the femoral
head on the CT section through the base of the femoral neck
[24] and showed better reproducibility (variance of 0.4◦ and
a standard deviation of 0.6◦) compared with one single trans-
verse CT section through the femoral neck [37]. This method
showed a good reproducibility [36] and the similarity tomethod
of a summation image described by Tönnis et al. [4]. Nor-
mal FV was 10–25◦ according to Tönnis et al. [4]. Decreased
FV was defined as FV < 10◦. Other reported normal values

Fig. 2.The nine possible combinations of FV and AV are shown. Two combinations (top left, A and right below, I) had an aggravated McKibbin
index (red). Normal values for both AV and FV were between 10◦ and 25◦ according to Tönnis et al. [4]. The two combinations on below left
(C) and on top right (G) had a compensated McKibbin index.
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Fig. 3. (A and B) Prevalences of possible combinations of FV and AV are shown for all patients (A) and for patients treated surgically (B).

[38–42] for FV ranged from 8◦ to 18◦ using various measure-
ment methods. Definitions and categories for FV vary in the
orthopaedic literature. Reported thresholds for categorizing FV
were >25◦ [43], <10◦ [4, 33], <5◦ [7, 44] and <0◦ [40] and for
increased FV reported thresholds were >15◦ [44], >22◦ [33]
and >25◦ [4, 7, 43].

Central AV was measured by two different observers accord-
ing to Hetsroni [45] (3 o’clock version) was defined as the angle
between a sagittal line and a line connecting the anterior and
posterior acetabular rim on the level of the femoral head centre.
Pelvic positioningwasneutralized connecting thebilateral centre

of the femoral head on axial images as described previously [11].
Normal central AV and FVwere defined from10◦ to 25◦ (Fig. 2)
[4]. Decreased AV was defined as <10◦. Increased AV and FV
were characterized as >25◦. Abnormal AV and FV were defined
as <10◦ or >25◦ (Fig. 3). Cranial AV was measured similarly to
the central AV on an axial slice 5mmdistal to the acetabular roof
according to Jamali et al. [46]. The McKibbin index [9, 47] is
defined as the sum of FV and AV (also called Combined femoral
torsion and acetabular version index [1]). An increased McKib-
bin index was defined as >50◦ and a decreased McKibbin index
was defined as <20◦.
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Table III. Results of mean FV and AV and prevalence analysis for FV andMcKibbin index are shown

Parameter
Overall
study group

Patients
treated
surgically

Patients
treated non-
surgically Overcoverage

Severe over-
coverage

Retroverted
acetabulum

Cam-type
FAI

Mixed-type
FAI

Number of hips
(patients)

384 (333) 192 (170) 192 (163) 38 (33) 46 (41) 77 (65) 165 (142) 137 (118)

Femoral version (◦)
[24]

16± 11
(−16–58)

17± 11
(−15–58)

16± 11
(−16–55)

17± 14
(−16–58)

20± 11
(−12–47)

16± 11
(−4–48)

15± 10
(−15–55)

17± 11
(−13–46)

Central Acetabular
version (◦)

18± 7
(−1–38)

19± 7
(1–35)

17± 7
(−1–35)

20± 5
(5–29)

19± 7
(6–35)

13± 6
(−1–26)

19± 6
(2–33)

16± 7
(−1–33)

Cranial Acetabular
version (◦)

16± 7
(−21–40)

16± 10
(−21–40)

16± 9
(−14–39)

18± 8
(−9–33)

20± 10
(−5–40)

9± 10
(−21–28)*

19± 8
(−8–35)

14± 10
(−21–34)

McKibbin index (◦)
[47]

34± 14
(−5–83)

36± 14
(−5–80)

33± 14
(−5–83)

37± 17
(2–80)

39± 14
(4–71)

28± 13
(−1–72)*

35± 13
(−5–83)

32± 13
(−5–77)

Prevalence analysis
McKibbin index
20–50◦

72% 73% 70% 66% 70% 66% 76% 72%

McKibbin index <20
or >50◦

28% 27% 30% 34% 30% 34% 24% 28%

Decreased FV <10◦ 25% 21% 30% 29%* 11% 31%* 28%* 23%
Increased FV >25◦ 20% 21% 19% 29% 24% 14% 15% 20%
Abnormal FV (<10◦

or >25◦)
45% 42% 49% 58%* 35% 45% 43% 44%

Normal FV (10–25◦) 55% 56% 51% 42%* 65% 55% 57% 56%

Continuous values are expressed as mean± SD with range in parentheses, level of significance was adjusted with a Bonferroni correction for five groups (0.05/5= 0.01),
FAI= femoroacetabular impingement.
*Significant difference compared with severe overcoverage.

Two different observers (TDL and FS) measured FV and AV
independently at two different time points on a random sam-
ple of 50 hips taken from the patient cohort. A good agreement
(defined as intraclass correlation coefficient [ICC] >0.8 [48])
was found for both reproducibility and reliability of FV (Intraob-
server ICC of observer 1 of 0.93, ranging from 0.87 to 0.96 and
Intraobserver ICC of observer 2 of 0.97, ranging from 0.95 to
0.98). A substantial agreement (defined as ICC >0.6 [48]) was
found for reproducibility and reliability of central AV (ICC of
observer 1 of 0.8, ranging from 0.65 to 0.89 and ICC of observer
2 of 0.78, ranging from 0.61 to 0.87). Interobserver agreement
for FV was 0.96 (0.94–0.97) and for AV was 0.75 (0.62–0.83).

A power analysis and sample size calculation was performed
for FV in a fixed effect, one-way analysis of variance (ANOVA)
design with a level of significance of 1%, beta error of 5%, given
previously reported mean values of FV of 21◦ in 27 normal hips
[14], 10◦ in 33 cam-type hips [49], 18◦ in 10 pincer hips [49]
and 58◦ in 13 valgus hips [14] and a published standard devia-
tion of 17◦ [14].With five groups, this resulted in a total number
of 140 hips (28 hips per group). A post-hoc power analysis using
the results of FV of the group with cam-type FAI and alpha of
1% (0.01) showed a power of 97% (clincalc.com, accessed on 15
September 2021).

A normal distribution was present for all continuous parame-
ters, whichwere confirmedusing theKolmogorov–Smirnov test.
Continuous variables among the study groups were compared
using the univariate ANOVA. Adjustment for multiple compar-
isons was done with the Bonferroni correction for five groups
(0.05/5= 0.01). A P-value below 0.01 was considered signifi-
cant. Continuous values for each study group were compared

using the unpaired Student’s t-test. Categorical variables were
compared among the study groups using the Chi-squared test.

RESULTS
Of patients that underwent a hip preservation surgery, 73%
had a normal McKibbin index (20–50◦) but 27% had an
abnormal McKibbin index. Of all patients, 72% had a normal
McKibbin index but 28% had an abnormal McKibbin index
(Table III).

The prevalence of abnormalities of FV andAV varied between
the subgroups: Decreased AV combined with decreased FV was
prevalent in acetabular-retroversion group (12%) and overcov-
erage (11%). None of the patients with severe overcoverage had
decreased AV combined with decreased FV (Table IV).

The prevalence of combined normal AV and normal FV var-
ied between the subgroups (Figs 3 and 4): The prevalence
of normal FV combined with normal AV was lower of the
patients with overcoverage (34%) and acetabular retroversion
(34%, Table IV) compared with severe overcoverage (37%) and
mixed-type FAI (37%, Fig. 5). Normal AV combined with
normal FV was present in 41% of patients with cam-type
FAI.

The prevalence of the abnormal McKibbin index varied
among subgroups. Patients with overcoverage had higher preva-
lence (34%) of the abnormal McKibbin index (<20◦ or >50◦)
compared with patients with cam-type FAI (24%, Table III).
Of all patients, decreased AV combined with decreased FV was
present in 5% (Table IV) while increased AV (>25◦) combined
with increased FV (>25◦) was present in 3% (Table IV).
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The prevalence of decreased FV (FV< 10◦) combined
with normal AV was higher in patients with cam-type FAI
(21%, Fig. 4) compared with mixed-type FAI (17%, Table IV)
and compared with patients that underwent a hip preservation
surgery (14%). Mean FV of patients treated with a hip preserva-
tion surgery (16± 10◦) and of all subgroups was in the normal
range (Table III).

DISCUSSION
Variations of AV and FV have been increasingly recognized as
important factors in FAI patients undergoing a hip preservation
surgery [3]. The vast majority of the literature on FAI predates
the recent advances in understanding of FAI and combinations
of FVandAVand its impact on thehip [4, 24, 50].Theaimof this
study was to detect the prevalence of combined abnormalities of
AV and FV and the prevalence of abnormalities of theMcKibbin
index in FAI patients.

Most importantly, 28% of all patients presented with a
decreased or increased McKibbin index (Table III). The preva-
lenceof a decreased and increasedMcKibbin index varied among
subgroups. Decreased AV combined with decreased FV was
prevalent in acetabular-retroversion group (12%) and overcov-
erage (11%). Theoretically, FAI patients with an increased or
decreased McKibbin index (aggravated McKibbin index) could
be at risk for anterior or posterior (Fig. 2) extra-articular hip
impingement [2]. Interestingly, the mean of AV and FV of all
patients was in the normal range (10–25◦, Table III). The mean
values of FV and AV could be neutralized by subgroups with
increased and decreased FV/AV.

Comparing the results for the prevalence of combined abnor-
malities of AV and FV (Table III) with the results found in
the literature, a previous study found a slightly higher preva-
lence. Tönnis and Heinecke [4] reported a prevalence of 16%
of combined abnormalities of AV and FV using the same
thresholds for abnormal AV and FV. They found that 10% of
their patients had decreased AV combined with decreased FV
while 6% had increased AV (>25◦) combined with increased
FV (>25◦) [4]. Another study defined a normal McKibbin
index (Combined femoral torsion and acetabular version index)
between 20◦ and 45◦ and found that 19% of 442 hips had
increased AV (>20◦) combined with increased FV (>20◦)
while 7% had decreased AV (<15◦) combined with decreased
FV (<10◦) [1]. Interestingly, 21% of the patients with cam-
type FAI (without pincer deformity) had normal AV com-
bined with decreased FV. This is important because decreased
FV was associated with anterior extra-articular subspine hip
impingement [2].

There are different definitions for normal values of AV and
FV and for prevalence of abnormal FV and AV [1, 7, 51]. In
a previous study by Tibor et al. [51] and in contrast to the
results of the current study, normal AV was defined between
15◦ and 20◦ (Supplementary Table I). They reported a preva-
lence of normal [51] AV of 40% while others reported a preva-
lence of normal AV of 27% using the same definition [1]. The
reason for a discrepancy compared with other studies could
be different definitions of normal AV used in other studies
[1, 51].

Using the normal range of 10–25◦, only 38% of patients pre-
sented with normal FV combined with normal AV (Table IV).
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Fig. 4. Prevalences of possible combinations of FV and AV are shown for patients with cam-type FAI. Two combinations (top left, and right
below) had an aggravated McKibbin index (red). Normal values for both AV and FV were between 10◦ and 25◦ according to Tönnis et al. [4].
The two combinations on below left and on top right had a compensated McKibbin index.

Fig. 5. Prevalences of possible combinations of FV and AV are shown for patients with mixed-type FAI. Two combinations (top left, and right
below) had an aggravated McKibbin index (red). Normal values for both AV and FV were between 10◦ and 25◦ according to Tönnis et al. [4].
The two combinations on below left and on top right had a compensated McKibbin index.

A previous large cohort study [1] reported a prevalence of
normal FV combined with normal AV of 7% (Supplementary
Table II) using different definitions for normal values (10–20◦
for FV and 15–20◦ for AV).

When analysing the prevalence of abnormalities of the
McKibbin index for the subgroups, considerable differences
between the subgroups were detected. Hips with abnormalities

of the McKibbin index (Fig. 3A) are potentially at risk for extra-
articular hip impingement (aggravatedMcKibbin index) and for
decreased or increased hip internal rotation [3]. On the other
hand, decreased AV combined with increased FV could poten-
tially compensate (Figs 2 and 3A) each other and this subgroup
had a mean McKibbin index in the normal range. The same
effect could play a role for hips with increasedAV combinedwith
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decreasedFVand this combination couldbe called compensated
combination (Fig. 2, Table IV) and also had a mean McKibbin
index in the normal range.

This study has implications. We recommend to analyse both
FV and AV in every patient evaluated for the hip preservation
surgery, especially for patients with mixed-type FAI (Fig. 5).
Therefore, we changed clinical practice and assess the AV and
FV in all patients evaluated for the hip preservation surgery to
search for combined abnormalities. This study supports patient-
specific evaluation of young FAI patients [35] because of the
variability of FV and AV. This could help to decide for operative
or non-operative treatment, for example, in case of a compen-
sated combination (e.g. increased AV combined with decreased
FV), non-operative treatment could theoretically be a successful
option before operative treatment.

There are several limitations for this study. First, despite the
large number of patients, this study group does not represent
a cross-sectional analysis. Although collected consecutively, it
rather should be considered as a selective patient group from a
university hospital, which may contain a higher percentage of
abnormal values compared with the general population. There
is a potential selection bias of patients seen in a university cen-
tre. This study is a prevalence analysis and we cannot comment
on surgical outcome or on implications for femoral osteotomies.
Second, measurements of FV depend on the used measurement
method and should be interpreted with caution. The results
of FV are based on the Murphy method while other measure-
ments methods showed variation in FV [36]. In addition, we
did not standardize the values for AV to the anterior pelvic plane
and had no three-dimensional information [52]. Given a mean
pelvic tilt of 4◦ in a supine position, we could generally have
underestimated AV [53]. However, by using the same method
of previous studies [45], this allows for a direct comparison to
the reported values from previous studies. Third, the age of the
patients ranged from 14 to 71 years. This might be problem-
atic because AV and FV could be age-dependent, and associ-
ations with age were previously described [1]. However, the
change of AV and FV occurs mostly in childhood and adoles-
cence before closure of the growth plates [54]. To the best of
the author’s knowledge and in accordance to previous reports,
there is no evidence of relevant age-dependent changes of AV or
FV once skeletal maturity is reached, except the changes asso-
ciated with the development of osteoarthritis [4]. Since all hips
from the study group had closed physes and the mean age of
the study group was 32 years, this should not have influenced
the results. In addition, some patients were analysed in more
than one subgroup, because patients with mixed-type FAI can
be in more than one subgroup. This could have influenced the
results, but only few patients were included in more than one
subgroup.

This study differs from the previous reports for variable rea-
sons. Some authors did not distinguish among subgroups of
impingement [45, 55], such as acetabular retroversion. Acetab-
ular retroversion is a known cause for pincer-type FAI [16, 53].
In contrast, this analysis contains a large number of symptomatic
FAI patients, linking combined abnormalities of FV andAVwith
subtypes of FAI.

CONCLUSION
In summary, an abnormal McKibbin index was prevalent in
27% of FAI patients that underwent open hip preservation
surgery or hip arthroscopy. The frequency of combined abnor-
malities of AV and FVdiffers between subgroups of FAI patients.
The aggravated and compensated McKibbin index was preva-
lent in FAI patients. Based on the results of this study, eval-
uation of AV and FV for young and active patients with hip
pain can be recommended. This could help to detect patients
with abnormalities of the McKibbin index in order to guide
surgical decision-making and optimize patient outcomes of
patients undergoing hip arthroscopy or open hip preservation
surgery. This could also help for decision-making for operative
or non-operative treatment.
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50. Tönnis D, Heinecke A. Diminished femoral antetorsion syndrome:
a cause of pain and osteoarthritis. J Pediatr Orthop 1991; 11:
419–31.

51. TiborLM,LiebertG, SutterR et al.Twoormore impingement and/or
instability deformities are often present in patients with hip pain.Clin
Orthop Relat Res 2013; 471: 3762–73.

52. Zeng G, Schmaranzer F, Degonda C et al. MRI-based 3D models
of the hip joint enables radiation-free computer-assisted planning of
periacetabular osteotomy for treatment of hip dysplasia using deep

learning for automatic segmentation. Eur J Radiol Open 2021; 8:
100303.

53. Lerch TD, Boschung A, Schmaranzer F et al. Lower pelvic tilt, lower
pelvic incidence, and increased external rotation of the iliac wing
in patients with femoroacetabular impingement due to acetabular
retroversion compared tohipdysplasia.Bone JtOpen2021;2: 813–24.

54. Albers CE, Schwarz A, Hanke MS et al. Acetabular version increases
after closure of the triradiate cartilage complex. Clin Orthop Relat Res
2017; 475: 983–94.

55. Klingenstein GG, Zbeda RM, Bedi A et al. Prevalence and preopera-
tive demographic and radiographic predictors of bilateral femoroac-
etabular impingement. Am J Sports Med 2013; 41: 762–8.


