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Abstract — Objectives: Femoroacetabular impingement (FAI) has been recently related to several pathologies, besides
chondral injury and hip arthritis. We aim to investigate the prevalence of FAI morphology in an elderly cohort
hospitalized due to a proximal femur fracture and compare these findings to a control group. We hypothesize that
limited medial rotation due to FAI’s morphology could increase stresses to the proximal femur, acting as a facilitating
mechanism for fractures in this region. Therefore, a higher prevalence of FAI morphology would be present in the
study group. Methods: A retrospective cross-sectional study was performed based on the analysis of radiographic
images in AP and lateral views of the fractured hip. Firstly, we have set to measure FAI prevalence in an elderly cohort
victimized by fractures of the proximal by measures of the alpha, Tonnis, and lateral center edge angles of a hundred
consecutive patients hospitalized for proximal femur fractures. Secondly, we have analyzed the possible relationship
between the FAI subtypes and the type of fracture. Finally, we have compared this sample’s data with that of a similar
control cohort not affected by fracture. Results: The cohort in this study displayed a higher prevalence of pathological
changes in the Tonnis, center-edge, and alpha angles with odds ratios of 3.41, 2.56, and 4.80, respectively (with
statistical significance). There was also a significant relationship between cam-type FAI and intertrochanteric fractures,
corroborating our initial hypotheses. Conclusions: This study demonstrated that a cohort of older patients affected by
fractures of the proximal femur had an increased prevalence of radiographic signs of femoroacetabular impingement.
Furthermore, this is the first study demonstrating a statistically significant relationship of cam-type FAI with intertro-
chanteric fractures, suggesting a possible cause and effect relationship.
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[6]. Additionally, Tokyay et al. [7] pointed out that acetabular
morphology could predict the types of proximal femoral
fractures among elderly patients. However, in the elderly
population, there is an increased prevalence of some radiologi-
cal signs of femoroacetabular impingement (FAI), such as coxa
profunda (which by itself should not be considered as a patho-
logical finding) [8—13]. FAI also has been linked to a variety of
other injuries, such as stress fracture [14], avascular necrosis

Introduction

The femoroacetabular impingement syndrome (FAIS) is
caused by the symptomatic conflict between the femur and
the acetabulum [1, 2]. Proximal femur fractures are a public
health issue in the older population and are a well-known risk
factor for morbidity and mortality. While the association
between female gender and low bone density are well described

as risk factors for a proximal femur fracture, some recent
studies highlighted the possible association of mechanical
elements [3-5]. Faulknek et al. demonstrated that the hip axis
length was higher in patients with proximal femoral fractures
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[15, 16], nonunion of femoral neck fractures [17], posterior
traumatic dislocation [18], and pubalgia [19, 20].

Considering that the mechanism of torsional trauma has
been implicated in the genesis of extra-capsular fractures of
the hip [21] and that patients with FAI generally present a
decrease in hip internal rotation [22, 23], it is fair to propose
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that the reduction in the range of motion, associated with a
traumatic torsional force, could cause a sudden increase of
stresses in the proximal femur, leading to a higher risk of
fracture, especially on elderly patients with FAI morphology.
The proposed mechanism is illustrated in Figure 1.

This study’s main objective was to identify the prevalence
of radiographic signs of FAI in an elderly cohort affected by a
fracture of the proximal femur. As secondary objectives, we
have studied the relationship between the subtype of FAI and
the type of fracture. Finally, we compared the findings to
another previously studied control cohort to examine if there
was a significant prevalence in these radiological signs.

Material and methods

A retrospective cross-sectional study has been carried out
by analyzing preoperative radiographic images from a hospital
database in southern Brazil. The following inclusion criteria
were used: acute fracture of the femoral neck or the trochanteric
region, age over 60 years, and availability of the pelvis
radiographic study in anteroposterior views and a lateral view
of the affected hip. This study included patients selected
consecutively to a pre-established number of a hundred hips
between September 2014 and June 2019.

The images have been retrieved for analysis and numbered
in a database from 1 to 100. Next, we separated them into two
groups: femoral neck fractures and intertrochanteric fractures.
The following angles were measured on the affected side by a
board-certified orthopedic surgeon. We adopted the following
reference values for the definition of cam deformity: alpha
angle > 55° [13] on AP or lateral view. The pincer deformity
was defined as a lateral center edge (CE) angle > 40° or a
Tonnis angle < 0° [24-26]. Pathological and normal angular
values are exemplified in Figure 2. All the information from this
group of individuals was collected from the hospital’s electronic
medical record. We analyzed sex, age, fracture type, affected
side, and evaluation of the measured angles. This cohort was
then compared to a previous anthropometric tomographic
sample, extracted from a similar population from a previous
(in press) research carried out by the same institution.

The institution’s research ethics committee authorized the
study under the number 3.723.119 registered at “Plataforma
Brasil.”

The collected data were entered into spreadsheets (Excel)
and then analyzed using SPSS (Statistical Package for the
Social Sciences) 15.0 software. The data were studied using
descriptive statistics. The qualitative variables were expressed
through absolute numbers and frequencies, and the quantitative
variables through standard deviation and frequency tables
(simple and contingency). We verified the assumption of data
normality through the Shapiro-Wilk test. To evaluate the rela-
tionship between two categorical variables, the Chi-square test
was applied, and to compare two independent groups, the Mann
Whitney test was used. The level of significance established
was p < 0.05.

One hundred hips were studied. Of the total sample, 63%
were female, and 37% male. Patients had an average age of
75.72 (SD = 9.74) years, ranging from 60 to 98 years of age.

pice!

Figure 1. Illustration of the proposed fracture facilitating mecha-
nism. In A, a hip with normal medial rotation may absorb the
torsional force caused by indirect trauma. In B, a hip with limited
internal rotation due to FAI morphology (red zones) would
concentrate higher forces at the intertrochanteric area (exclamation
sign).

Figure 2. Two cases of the experimental group are illustrated. Top:
AP view of a pathological FAI hip. A — alpha angle, B — lateral
center edge angle, C — Tonnis angle. Bottom: AP view of a non-
pathological FAI hip. D — alpha angle, E — lateral center edge angle,
F — Tonnis angle.

The right hip was the most affected on the fracture group,
covering 53% of the analysis. Of the total fractures, 77% had
intertrochanteric involvement. The types of fractures did not
differ in relation to the patient’s gender (p = 0.80) or age
(p = 0.67). Mean age was similar in both groups, with a mean
of 77.74 (SD = 10.06) years in the group with femoral fracture
and 72.67 (SD = 8.42) years in the control group.

Sixty-six hips represented the control group, and the mean
age of this sample was 72.67. Although there was a difference
concerning the average age compared to the study group
(77.74), this difference was irrelevant for this study.

Results

FAI prevalence

In this cohort, 49% of the patients with fractures of the
proximal femur showed a pathological value of the alpha angle.
Pathological measurements of the Tonnis angle were seen in
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Table 1. Mean values of alpha, Tonnis and center edge angle in both groups, minimum and maximum values, SD: standard deviation, and

P-value (significant < 0.05).

Experimental Control P-value
Alpha 57.40° (38 — 94, SD = 11.90) 48.73° (30 — 71, SD = 7.67) 0.000006
Tonnis 0.5° (—15 - 25, SD = 8.06) 3.05° (=12 - 50, SD = 7.54) 0.0006
Center edge 41.38° (25 - 62, SD = 8.08) 36.77° (30 — 60, 5.52) 0.000002

35%, and the center-edge angle was abnormal in 47% of these
individuals.

The prevalence of pathological findings in the control group
regarding alpha, Tonnis, and CE angle were respectively
16.67%, 13.64%, and 25.76%.

Type of fracture and FAI

Of the 49 patients that presented pathological values of
alpha angle on the experimental group, an intertrochanteric
fracture was seen on 54.55% and a femoral neck fracture in
30.43%. Abnormal alpha angle showed a statistically signifi-
cant relationship with intertrochanteric fractures (p = 0.042).
There was no significant association with the type of fracture
regarding abnormal values of center-edge angle (p = 0.39) or
Tonnis angle (p = 0.31).

Comparison between groups

On the fracture group, the mean alpha angle was patholog-
ical and substantially higher (57.40°) with p = 0.000006. In this
group, the mean Tonnis angle (0.5°) was significantly lower
(more aberrant) with p = 0.0006; and the mean center edge
angle (41.38°) was also considerably pathologic with
p = 0.000002. These results are summarized in Table 1.

Regarding the alpha angle, the experimental group
(49% abnormal) also displayed significant variation compared
to the control group (16.67% abnormal), presenting an OR of
4.80 (p = 0.000001) when we compared the groups. A patho-
logical Tonnis angle was also significantly higher (35%
abnormal) than the observed in the control group (13.64%
abnormal), with an Odds-ratio (OR) of 3.41 (p = 0.0041).
Finally, the center edge was significantly more deviant than
the average in the control group (47% versus 25.76%), with
an OR of 2.56 (p = 0.0096).

Discussion

Abnormal mechanical forces arisen from pathological prox-
imal femur morphology have been recently implied as possible
causative factors of fractures in this anatomic region [5, 14, 17,
18, 21]. Although the femoral neck’s direct impingement
against the anterior acetabular rim mostly causes these forces,
internal rotation’s inherent limitation also plays a role. Limita-
tion of internal rotation is a common sign of FAI morphology
related to abnormal stresses in the proximal femur [17, 18]. In
their sample of patients who underwent arthroscopic repair of
FAI, Polesello et al. presented a cohort with 100% of the
cases displaying lower internal rotation degrees (IR) in the

preoperative evaluation [22]. In another study, Hopkinson
et al. suggest that the mechanism of extra-articular fractures
of the proximal femur is related to torsional forces during a
fall [21]. The present sample demonstrated that the increase
in the alpha angle > 55° was statistically linked to trochanteric
fractures. Thus, we can hypothesize that a torsional force, when
transmitted to a hip with a limitation of internal rotation, could
increase fracture risk. In the present study, we demonstrated a
higher prevalence of radiographic signs of femoroacetabular
impingement in elder patients victimized by proximal femur
fractures and a positive relationship of CAM type FAI with
intertrochanteric fractures.

The present study’s main limitation was the suboptimal
radiographic technique. We did not strictly follow the criteria
recommended for the FAI's radiographic investigation in an
elective setting because the radiographs were obtained in an
emergency care scenario in patients with a painful fractured
hip. For that reason, there may have been a loss in the diagnose
of FAI in the studied series, but yet, ultimately favoring the null
hypothesis. Besides that, the eventual presence of previous
symptoms or other antecedents was also not explored due to
the study’s retrospective nature. However, the radiograph
technique may not have impaired the study results because,
according to Tannast et al., the chosen measures would not
change with different pelvic positions [26]. This study has
considered the alpha angle above 55° as diagnostic of cam-type
morphology and the center lateral edge angle > 40° or a negative
Tonnis angle as representatives of pincer [10, 24, 25]. For this
study’s purposes, the mixed type was studied into its separate
components (cam or pincer type).

The threshold values for the measurements were based on
previous studies. We considered the lateral center edge
angle > 40° or a negative Tonnis angle as diagnostic of coxa
profunda to decrease the over-diagnosing risk. The alpha angle
threshold used was greater than 55°, which is the reference
found in most studies that discussed this topic [3, 24, 25].

Beck et al. studied the relationship between FAI and
femoral neck nonunion after osteosynthesis. They observed
that patients with cam-type morphology were at higher risk of
developing nonunion, depicting a possible connection between
abnormal pathological forces affecting the fracture [17].
Yang et al. also associated the anterior impingement with
fractures of the femoral neck in an analysis of 36 hips. They sug-
gested that there could be a credible related mechanism for the
fracture outcome, probably by the direct conflict of the femoral
neck cortex against the anterior rim of the acetabulum [5].

The present research showed that patients with intertrochan-
teric fractures had an increased alpha angle with an average of
58.55° (p = 0.042). The control group yielded only 16.67% of
pathological values in the alpha angle analysis, against 49% in
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the fracture group. In the control group, only nine hips
(13.64%) displayed changes concerning the Tonnis angle
(against 35% of pathological changes of the same measurement
in the experimental group), with p = 0.0041. The statistics also
confirmed that, concerning the center-edge angle, the experi-
mental group had a prevalence of 47%, compared to 27.76%
in the control group (p = 0.0096). Finally, the odds ratio for
having an abnormal alpha, Tonnis, and center-edge angles
value on the fractured hip were respectively 4.80, 3.41, and
2.56 (p < 0.05).

Collectively, this data suggests that patients in the experi-
mental group had a greater probability of generating the
outcome (fracture) than the control group, which confirms the
present study’s hypothesis. We believe that more research is
still needed to elucidate better the data found in this study.
However, it may indicate that having a previous FAI correction
could eventually be revealed as a protective factor against
proximal femoral fractures in the elderly.

Conclusion

This study demonstrated that a cohort of older patients
affected by fractures of the proximal femur showed an
increased prevalence of radiographic signs of femoroacetabular
impingement. Furthermore, this is the first study demonstrating
a statistically significant relationship of cam-type FAI with
intertrochanteric fractures, suggesting a possible cause and
effect relationship.
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