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Abstract

Purpose: to evaluate spinopelvic angles in patients with hip pain and femoroacetabular impingement (FAI). After the discovery of the FAI in
2003, a complete biomechanical analysis of the lower limb and its relationship with the spine became indispensable, in the context of preservative
surgery and/or at hip arthroplasty.

Methods: twenty patients aged between 18 and 60 years with hip pain were evaluated. All had pain for more than 3 months and FAI syndrome.
All signed the informed consent form, had their anthropometric data and Harris Hip Score (HHS) evaluated.

Results: the average age was 40 years and female gender in 76%. The mean Body Mass Index (BMI) was 21 kg/m2 and the mean HHS was 70
points. The time between hip pain onset and clinical evaluation was two and a half years. Alterations of the spinopelvic angles were found in 58%
of the patients. We found statistically significant differences at the sacral slope (SS) (p: 0.006) and anterior pelvic plane (APP) angles (p: 0.013),
between patients with and without hip arthrosis, and a decrease in both angles between standing and sitting positions. This translates into a
more up verticalization pelvis position and posterior tilt, the greater the arthrosis.

Conclusion: the presence of lower back pain associated with angular spinopelvic alterations in 58% of patients with FAI and the difference
between patients according to the degree of hip arthrosis reveal the importance of evaluating this parameters and showing this early results.

Keywords: Femoroacetabular impingement; Spinopelvic angles; Hip arthrosis; Lumbar spine arthrosis; Hip preservation surgery; Hip
arthroplasty

Introduction

The evaluation of the spinopelvic angles have been subject
of increased interest in the biomechanical assessment of the hip
[1]. It is known that there is an association between degenerative
diseases of the hip and lumbar spine, first described by Macnab
as Hip-Spine Syndrome in 1983, when it was reported that 27%
of the patients over 45 years of age had symptoms in both places
[2]. The incidence of hip and spinal arthrosis has increased in the
population, and it may be difficult to differentiate the origin of the
pain when concomitant, due to the complaints being generally
subjective and possibly overlapping [2-4].

The change to bipedalism led to increased verticalization of
the pelvis and this resulted in a change in the structure of the
muscles that support the spine [5]. The orthostatic position is a
unique, stable and ergonomic posture, which has led the pelvis to
be a key structure in the human motor apparatus, also called the
pelvic vertebrae [6]. The sacral plateau forms the base to support
the spine and is the point of load transfer from the trunk to the
pelvis. The normal pelvis is horizontal in the frontal plane, but this
geometry is more complex in the sagittal plane, whose parameters
needs to be defined for a better biomechanical interpretation [7].
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In a progressively unbalanced spine, there is a tilting of the upper
body anteriorly, and consequently the posterior muscles from
the trunk exert more force to counterbalance the gravitational
moment of force. The lack of sagittal balance progressively leads
to lumbar hyperextension, posterior pelvic tilt, knee flexion and
ankle extension [8,9].

FAI is a dynamic conflict between the femoral head and the
acetabulum, that can be of three types: CAM type, when there
is an absence of sphericity in the femoral head-neck transition;
Pincer type, which occurs when the acetabulum provides
excessive coverage of the femoral head; and Mixed type, which
is a combination of both types of impingement [9-12]. FAI
occurs mainly in younger patients, especially at those who play
high-impact sports, perform torsional or lateral movements, or
constant squatting [10,11]. The aim of the study was to evaluate
patients with hip pain by FAl and to investigate possible variations
of the spinopelvic angles as sacral slope and anterior pelvic plane
between standing and sitting positions.

Materials and Methods

Thirty-eight patients aged over 18 years who spontaneously
presented to the doctor’s authors and co-author’s outpatient
offices for hip pain assessment were evaluated, in the period
from June 2020 to June 2021, after approval of the study by
the research ethics committee, respecting the statement of the
Human and Animal Rights. Subsequently, 18 patients could not
complete all the images protocol due to covid-19 restrictions
and were excluded. Three patients were excluded too, one for
having angular alteration of the femur (varus), another due to
torsional alteration of the femur (antetorsion) and other one

due to a concomitant lesion of the gluteus medius musculature
(tendinosis). Four patients had bilateral pain, totaling 17 patients
evaluated and 21 hips with radiographic alterations of FAI.

The patients presented hip pain for more than three monthsand
were submitted to a complete anamnesis, physical examination
and complementary radiographic series, according to the protocol
described by Tannast et al. [13,14]. On physical examination, hip
pain was presented with intra-articular features on specific tests.
The patients had their anthropometric data measured and HHS
performed [15]. All other possible causes of hip-related diseases
were excluded.

The determining angles for the radiographic diagnosis of FAI,
were measured on the AP X-ray, were the alpha angle, acetabular
center-edge angle, acetabular index, cervical-diaphyseal angle
and the measurement of joint space. The radiographic incidence
of Lequesne was also used to evaluate posteroinferior acetabular
arthrosis and the hip profile view was used to measure the alpha
angle. Computed tomography (CT) was requested to evaluate
the acetabular version and the torsional alterations of the femur
[16]. The spinopelvic angles of the patients were evaluated in the
radiographic profile view of the lumbar spine, in the standing and
sitting positions, where we measured the SS and the APP angles.
The SS is the angle of inclination of the sacral plateau relative to
the ground and determines the position of the lumbar spine, since
it forms the base of the spine. It has an average inclination of 41.2°
+ 7° [8]. The PPA is the angle between the line connecting the
pubic symphysis to the anterior superior iliac spines, measured
in comparison to the line perpendicular to the ground, with an
average variation of 0° to 12° [17] (Figures 1 & 2).

Figure 1: A) Profile x-ray of the pelvis at standing position, with normal tilt. B) Profile x-ray of the pelvis at seated position, demonstrating
normal variation of SS angle. Green line: anterior pelvic plane. Blue line: sacral slope.

How to cite this article: Cabral FMP, Pantoja RDV, Locks R, Figueiredo F, Contreras MEK, Fernandes D, et al. Early Results from the Evaluation of

DOI: 10.19080/0R0A]J.2023.21.556069

Spinopelvic Angles in Patients with Hip Pain by Femoroacetabular Impingement. Ortho & Rheum Open Access J. 2023; 21(4): 556069.


http://dx.doi.org/10.19080/OROAJ.2023.21.556069

Orthopedics and Rheumatology Open Access Journal (OROAJ)

anterior tilt. Green line: anterior pelvic plane.

Figure 2: A) Profile x-ray of a patient at standing position, with normal tilt. B) Profile x-ray of another patient at standing position, with

The evaluation of the lumbar spine mobility was done by the
difference between the angle of the SS in standing and sitting
positions. The normal values ranges from 10° to 30°. Values
below 10° are considered a stiff lumbar spine and values above
30° are classified as hypermobile [8]. The position of the pelvis
was assessed by the APP angle in the standing position. Negative
values were considered as posterior tilt and values greater than
12° were considered as anterior pelvic tilt (Figures 1 & 2).

Patients were classified based on the degree of hip arthrosis

according to the classification recommended by Tonnis [18],
where grades 0 and 1 meant hips with joint space greater than
50% or 2 millimeters, were considered normal or mild alterations
respectively and categorized with less arthrosis. Grades 2 and 3
meant hips with a compromised joint space more than 50%, with
moderate and severe arthrosis respectively, categorized with
more arthrosis and used as a comparative group. All angles were
checked manually at two different times by the author, with a
goniometer measured in degrees and millimeters (Figure 3).
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Figure 3: Comparison from different angles between patients with different joint space width (JSW). Light blue: Ténnis 0/1 JSW >2mm and
dark blue: Tonnis 2/3 JSW <2mm. The higher arthrosis showed lower SS and APP angles. LCEA: lateral center-edge angle, Al: acetabular
index, SS: sacral slope.
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Demographic characteristics such as gender, age, BMI and
clinical characteristics such as side and time of pain, occurrence of
lower back pain, HHS, type of FAI, spinopelvic mobility and Tonnis
classification, were described as mean standard deviation (SD)
or frequency and proportion in percentage (%), as appropriate.
Continuous variables were compared between groups with
a linear model adjusted for sex, age and BMI of participants
(ANCOVA), allowing adjustment for covariates to correct for
confounding. All analyses were performed at 5% significance
level. All hypothesis tests were calculated at two-tailed confidence
intervals. The software used was R, version 4.1.1.

Results

The average age was 40 years, and the female gender was
more prevalent in this study (76%). The mean BMI was 21 kg/
m?. Patients had hip pain on average for 2 and % years before

the evaluation, mainly on the right side (41%). Bilateralism was
present in 24% of cases (Table 1). The mean HHS was 70 + 11
points, but in patients with more arthrosis, the mean score was
61 points (Tonnis > 1), found in 17% of the patients in the study.

Regarding FAI, CAM type was the most present among the
patients, in 73% of the cases, with an average alpha angle of 58°
+ 3° Mixed type was observed in 21% of cases and the Pincer
type in 6% of cases. Of the patients with less arthrosis (Tonnis
0 or 1), 53% had type 0 and 29% had type 1. In the groups with
more arthrosis (Tonnis 2 or 3), 6% had moderate, type 2 and 12%
had type 3, severe (Table 1). The SS angle showed a statistically
significant difference between the group with less arthrosis,
compared with the group with more arthrosis (p: 0.0006), being
found on average 46° and 32° respectively. The pelvic tilt also
showed a statistically significant difference between those groups,
with a mean of 5° and -6° respectively (p: 0.013) (Table 2).

Table 1: Epidemiological and clinical characteristics of the participants included in the study.

Characteristics of the participants N=17
Gender
Female 13 (76%)
Male 4 (24%)
Age (years) 40 (14)
BMI (kg/m?) 21.5 (4.5)
Side of pain
Right 7 (41%)
Left 6 (35%)
Bilateral 4 (24%)
Time of pain (months) 32(37)
Occurrence of lower back pain 12 (71%)
HHS 70 (11)
Mobility
Normal 11 (64%)
Hypermobile 3 (18%)
Stiff 3 (18%)
Tonnis Classification
Normal 9 (53%)
Light 5(29%)
Moderate 1 (6%)
Severe 2 (12%)
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Table 2: Adjusted differences of spino-pelvic angles in the study population.

Angles Arthrosis,N =6 Healthy, N = 28 Adius‘t;:i;iiffer- 95% CI value p
Slope sacral (standing) 32(3) 46 (9) -11 -19,-3.4 0.006
Slope sacral (seated) 14 (9) 21(7) 2.2 -3.8,8.2 0.5
Anterior Pelvic Plane -6 (3) 5(6) -8.7 -15,-2.0 0.013
Center-edge angle 34.2 (5.0) 31.8 (6.2) -0.61 -6.8,5.6 0.8
Acetabular index 1.7 (2.7) 2.8 (4.2) 0.40 -4.2,5.0 0.9
Alpha 57 (5) 59 (7) 3.2 -4.1,10 0.4

Most patients had no alteration in spinopelvic mobility (64%),
but 18% had hypermobility and 18% had stiffness between the
sitting and standing positions. Of the patients, 71% reported lower
back pain for more than 3 months. The average standing SS in the
study was 43.2° (SD 9.67°), ranging from 26° to 64°. The average
seated SS was 19.8° (SD 7.41°) and ranged between 5 and 32°. The
mean APP angle was 3.12° (SD 7.12°), ranging from -10° to 17°.
The average center-edge angle was 32.2° (SD 6.04°), the average
alpha angle was 58.8° (SD 6.70°) and the average acetabular
index was 2.56° (SD 3.99°) (Table 2). The standing SS and the
APP were significantly different in the group with less arthrosis
when compared to the group without more arthrosis (Table 2).
After adjusting for gender, age, BMI and HHS the difference in the
standing SS was 11° (ANCOVA, CI: -19 -3.4; p= 0.006) and the APP
was 8.7° (ANCOVA, CI: -15 - -2.0; p= 0.013). The seated SS angle
had no statistically relevant difference: 2.2° (ANCOVA, CI: -3.8 -
8.2, p= 0.5). Other angles had similar distributions between the
two groups. The mean center-edge angle in the more arthrosis
group was 34.2° and 31.8° in the less arthrosis group (CI: -6.8 -
5.6°). The mean acetabular index was 2.8° and 1.7° respectively
(CI: -4.2 - 5.0°). The mean alpha angle was 59 and 57° respectively
(CI: -4.1° - 10°) (Table 2).

Discussion

Following the publication of the Ganz et al. [11] in 2003 and
the discovery of FAI, there has been an increased interest in
procedures that try to prevent or at least slow down the evolution
of hip arthrosis [12]. It is known that the ageing of the population
and the consequent increase in the number of cases of hip fracture
have led to an increase in the number of surgeries for joint
replacement [19]. Recent projections in the United States predict
an increase in this surgery of 129% and 284% in the years 2030
and 2040 respectively [20]. Therefore, a complete biomechanical
analysis of the relationships between the spine, pelvis and lower
limbs is very important for a better understanding and treating
the hip problems [1,2,21].

In our study, lower back pain was reported in 71% of patients. Of
these, 58% of the patients presented spinopelvic alterations, this
being the main reason for presenting this study in a preliminary
form. We evaluated patients with FAI alterations with emphasis

on preservative surgeries, but despite this, we have found patients
with grades 2 and 3 arthrosis, whose indications for preservative
surgeries have worse results, so they were used as a comparative
group [10]. Spinopelvic evaluation, in the context of hip surgery,
has been more emphasized in recent years, as adverse results
have been demonstrated with the non-observation of the degree
of lumbar mobility and pelvic positioning, both in patients with
FAI syndrome and hip arthroplasties [22-24].

In the assessment of the mobility of the lumbar spine,
hypermobility may be investigated in cases of FAI as a supportive
factor in the impingement analysis, and in planning arthroplasty,
seeking to position the components as close as possible to
the range-of-motion considered ideal. This is an attempt to
avoid dislocation, when the components are out of the ideally
recommended version and/or inclination [21,22].

On the other hand, in cases in which the pelvic mobility is
reduced, it is necessary to observe in which position the pelvis is,
in the orthostatic position, for the appropriate correction [22,23].
It has been shown that with aging, there is increased stiffness
and the most found pelvic position is the posterior tilt [22,23]. In
our study, this association was also found with an increase in the
degree of arthrosis, but this was not our final desired outcome,
so we should not extrapolate this finding to the treatment of FAI.
However, in the evaluation related to arthroplasty, we should in
these cases with less inclination and anteversion at the acetabular
component, to avoid a lack of anterior and superior coverage in
the standing position. Conversely, patients with fixed anterior
pelvic tilt may predispose to posterior dislocation of the hip in the
sitting position, due to lack of posterior coverage and/or anterior
impact of the neck against the acetabular edge [25].

Aaron et al calculated that for each degree of posterior
deviation of the APP angle, there was an increase in acetabular
anteversion of between 0.7° to 0.8°, and 0.29° in acetabular tilt
[26]. This mathematically proves the direct influence of the spino-
pelvic angle on acetabular version and inclination. Hypotheses for
dislocations after arthroplasties have been previously reported,
such as the study by Abdel et al., who identified in a cohort of
almost 10,000 cases, where 58% of the dislocations were within
the recommended acetabular inclination and anteversion range
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[23]. Therefore, it is recommend an acetabular component
with greater anteversion [27,28], or the use of double mobility
components, whose articulation has already demonstrated lower
rates of dislocation when compared to conventional prostheses,
by increasing the impact-free movement arc between the cone
and the acetabular edge [29]. In our study, we found posterior
tilt in 29% of the patients in the lateral view of the pelvis in the
standing position, which translates as a greater up verticalization
of the pelvis, mainly found in patients with arthrosis (p: 0.013)
which may influence impingement.

Pelvic mobility was altered in 1/3 of the patients, half of
them had hypermobility and the other half had stiffness. It has
been observed that symptomatic patients with FAI may require
more hip flexion to achieve a sitting position, due to limited
spinal flexion when anterior pelvic tilt occurs. The compensatory
mechanisms involved in the change from standing to sitting
position, such as flexion and external rotation of the hip, are
related to pain reduction, thus trying to avoid the impingement
[24]. Finally, the relationship of the FAI and the static evaluation
of lumbar and pelvic biomechanics need further studies, possible
diagnostic innovations and a larger target population, trying
to better understand this interaction. Perhaps it can also be
better understood if the study includes an associated dynamic
assessment. There is still no standardization in this evaluation
either in static or kinematic examination [30].

We observed alteration of the spino-pelvic angles in 58% of the
patients with IFA, where 71% of them reported associated lumbar
pain. Sacral slope and pelvic tilt varied according to the degree of
hip arthrosis. The greater the degree of arthrosis, the lower were
the values of the sacral slope and anatomic pelvic plane angles.
This translates into a greater up verticalization of the pelvis
and posterior pelvic tilt, which may affect the hip biomechanics,
especially in more advanced cases of joint injury. Despite the
small number of patients in this study, the association observed
between spino-pelvic angles and FAI has aroused greater interest
in this evaluation and was the main reason for this preliminary
publication. We believe that further studies should be carried out
for a better understanding of all the factors involved, including
associating dynamic biomechanical analyses.
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