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Abstract

Objective: To evaluate the mid-term results of three different surgical techniques utilized for the treatment of femoro-
acetabular impingement, by means of functional outcomes and joint awareness.

Materials and Methods: 53 patients were selected retrospectively, treated by one of the three surgical techniques: hip
arthroscopy (HA), anterolateral mini open (AMO) or surgical hip dislocation (SHD). Patients with <12 months of follow-up
were excluded. Median follow-up period was 57.5 months (range 16-256 months). Primary outcome measures were the
Forgotten Joint Score (FJS), Harris Hip Score (HHS) and UCLA activity index. Surgical success was determined as FJS=70
and a regression analysis was performed on different radiological and clinical parameters for the risk of failure.

Results: Mean post-operative FJS was 74.5 (+13.8) for the HA group, 72.6 (*17) for the AMO group and 52.7 (+24) for the
SHD group (p=0.023). Pre-operative and post-operative HHS and UCLA were similar. Post-operative alpha angles were
similar (p=0.597). Regression analysis results showed two factors affecting surgical success: pre-operative Ténnis stage
(adjusted OR+95% Cl: 0.091£0.005-0.659 ; p=0.023) and type of surgery performed (HA: adjusted OR+95% Cl: 11.2+1.2-
50.5, p=0.029; for AMO: adjusted OR+95% CI: 7.2 +1.1-48.8, p=0.041).

Conclusion: Despite allowing more complete assessment of the hip joint, SHD results in inferior outcomes when evaluated
with FJS.Three surgical approaches provide similar radiological and functional results if evaluated with conventional

outcome scores of HHS and UCLA.
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Introduction

Cam-type femoro-acetabular impingement (FAI) occurs
due to the structural deformity of the hip joint and is one
of the most common causes of hip pain in young active
patients[1,2].Ifleftuntreated,itcausesosteoarthritisand

hip joint dysfunction in early period with accompanying
cartilage and labral pathologies, leading to a decrease
in the quality of life[3]. The main purpose of preventive
hip surgeries applied in cam-type FAIl is correction of
the bony deformity, prevention of impingement and
treatment of accompanying intra-articular pathologies
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and improve the quality of daily life. Yet, there is still
some debate on the surgical methods for the treatment
of this pathology. The safe surgical dislocation defined
by Ganz et al.[4] in 2001 was previously described as
the gold standard, and the short- to mid-term results
for this procedure are also favourable for many authors.
However, Hip arthroscopy (HA) and anterolateral mini
open (AMO) techniques are more preferred today
because surgical hip dislocation (SHD) is a technically
challenging procedure which requires ligamentum teres
detachment, trochanteric osteotomy and refixation, and
is more prone to intraarticular adhesions.

HA and AMO can be applied without the need
of trochanteric osteotomy and sacrificing of the
ligamentum teres, compared to surgical dislocation,
also provide faster rehabilitation and recovery[5,6].
Although these procedures are less traumatic and have
low complication rates, there are several associated
drawbacks such as risk of femoral nerve palsy, inability
to display entire labral or chondral lesion and the
difficulty of performing osteoplasty at an appropriate
amount.

Despite the existence of significant overlap of their
indications, there are few studies comparing the results
of these 3 surgical methods in the literature[7,8].
Although surgical dislocation was the most preferred
method in our clinic in the past, in recent years HA
and AMO (Figure 1) approaches have been preferred
regarding shorter rehabilitation period and avoidance
of implant removal. Besides, SHD is still preferred in

patients presenting with global pincer and reserved for
the cases that require close evaluation and manipulation

of the posterior part of the hip joint.

Functional outcomes of FAl surgery were generally
evaluated in the literature with clinical scoring systems
such as the HSS and UCLA activity index. These scores
mainly focus on the functional status and give less

information about patient satisfaction.

The aim of the study is to analyse the midterm results
of 3 different surgical approaches by evaluating patient
satisfaction and joint awareness with a current patient
reported outcome measure (PROM): Forgotten Joint
Score (FJS-12).

Our hypotheses are;

1. All
radiological

procedures have similar functional and
success without demonstrating a

superiority of either technique

2.Minimally invasive procedures (HA and AMO)
provides higher scores in FJS-12 than SHD

3. Pre-operative radiographic or clinical parameters
indicating advanced disease adversely affect

patient outcome.

Figure 1. A 38 year-old female patient who underwent surgery with the AMO technique; a: pre-operative x-ray
demonstrating an alpha angle of 89 degrees, b: a sagittal T2-weighted MRI section showing the degenerative para-labral
cyst, and c: the post-operative x-ray demonstrating the resected cam lesion.
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Materials and methods

Patients and study design

A single-center consecutive case study is conducted
retrospectively at the Hacettepe University Hospital,
Department of Orthopaedics and Traumatology..
Approval from the institutional ethical committee has
been obtained. Informed consent was obtained from all
patients prior to surgery. Institutional database search
revealed 53 patients undergoing surgical treatment for
FAl between January 1999- January 2019. Patients with

<12 months of follow-up were excluded. After exclusion,
41 patients: 24 men and 17 women, with an average age
of 35.8 (range 16-62) have been included in our study.
The median follow-up period was 57.5 months (range
16-256 months). For further analysis, the patients are
separated into three groups according to the surgical
method used: HA (n=14), AMO (n=18), and SHD (n=9).
The demographic and clinical information of the groups

are detailed in Table 1.

Table 1. Demographic information, clinical parameters and functional status of the three study groups

Hip Arthroscopy Anterolateral Mini Open Surgical Hip Dislocation

(HA)
Number of patients 14
Age (Mean*SD) 34.5 (x12.2)
Sex (Male/Female) 9/5
Body mass index (MeanxSD) 24.2(%x4.2)
Pre-operative alpha angle (Mean+SD) 64.1(x12.7)
Follow-up period (Months; mean+SD) 60.7 (x22.4)
Toénnis stage
<2 11 (78.6%)
22 3(21.4%)
Anterior offset (Mean+SD) 0.17 (£0.03)
Lateral center-edge angle (Mean+SD) 28.3 (x4.6)
Acetabular angle (Mean*SD) 39.1(x4.4)
Tonnis angle (Mean+SD) 5.5 (+3.8)
Labral tear
Not present (Full thickness or 5 (35.7%)
degenerative)
Present 9 (64.3%)
Pre-operative HHS (Mean+SD) 68.8 (£6.9)
Post-operative HHS (MeanxSD) 88.0 (x4.9)
Pre-operative UCLA (MeanxSD) 5.1(x0.9)
Post-operative UCLA (Mean+SD) 6.2 (x1.1)
Post-operative alpha angle (Mean+SD) 41.9 (x11.7)
Post-operative FJS (Mean+SD) 74.5 (+13.8)

Surgical success according to FJS
Successful (=270)

Unsuccessful (<70)

www.actamedica.org

11 (78.6%)
3 (21.4%)

(AMO) (SHD) p value
18 9

37.2 (£13.9) 35.0 (+10) =0.874
/7 4/5 =0.655
24.9 (+3.5) 24.0 (+2.6) =0.860
67.5 (£6.6) 797 (215.1) =0.042
64.1(£53.4) 81.9 (£63.3) =0.677
=0.560

16 (88.9%) 7(77.8%)

2 (11.1%) 2 (22.2%)
0.17 (+0.05) 0.16 (+0.05) =0.440
26.9 (+8.6) 31.2 (+8.3) =0.279
397 (+4.8) 38.4 (+2.9) =0.641
5.1(+3.8) 5.8 (+4.6) =0.965
=0.492

3 (167%) 3(33.3%)

15 (83.3%) 6 (667%)
70.5 (£8) 72.4 (£8.6) =0.555
86.6 (+6.4) 84.3 (£9.5) =0.579
4.9 (1.2) 5.4 (£1.8) =0.405
6.1(1.2) 5.9 (+1.1) =0.848
39.1(+6.5) 377 (£11.9) =0739
72.9 (217) 527 (+24) =0.024
=0.029

15 (83.3%) 3(33.3%)

3(167%) 6 (667%)
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Treatment

Before the surgical intervention, all patients underwent
a thorough physical examination focused for hip
impingement. Standard anteroposterior (AP), cross-
table lateral and 45° Dunn radiographs[9], and
magnetic resonance imaging (MRI) were also obtained.
The alpha angle was measured on the 45° Dunn view by
two of the authors (RMC, SB) Femoral head-neck offset,
lateral center-edge angle (LCEA) , acetabular angle of
Sharp[10] and the Tonnis angle were also measured.
The extent of degeneration was evaluated according
to the Tonnis classification[11]. For further analysis, the
Toénnis stage was dichotomized as <2 and =2. MRI was
examined for labral tears. As for functional assessment,
each patient is asked to complete the Harris Hip
Score[12] (HHS) and the UCLA activity scale [13].

Same surgical team (OAA, BA) performed all the
procedures. Hip arthroscopy was performed with the
patient in supine position, on a traction table. Most
commonly used portals were anterior, anterolateral and
posterolateral. Anterolateral mini-open surgery was
performed with the patient lying supine according to
Hueter’s technique[14], the femoral head was exposed
of anteriorly, and the cam lesion was addressed.

Post-operatively, follow-up visits were scheduled at
6 weeks, 3 months, 6 months, 12 months and yearly
thereafter. Post-operative alpha angle is measured at
the immediate post-operative x-ray. The HHS and UCLA
activity indexes and FJS-12 were completed by the
patients at the latest follow-up visits [15].

Outcomes

The primary outcome parameter was the post-operative
FJS. In addition to the scores, the patients were
dichotomized according to the success of treatment
based on the obtained FJS. The threshold for this has
been determined as 70%, which is based on clinical
judgement which is also consistent with the literature
regarding hip procedures[16,17]. The independent
variables tested for a relationship with post-operative
FJS were as follows: age, body mass index (BMI), labral
tear, Tonnis stage (<2 and =2), pre-operative alpha
angle, LCEA, acetabular angle, Tonnis angle and the
type of surgery performed (HA, AMO or SHD).

The secondary outcome measures were the post-
operative HHS, UCLA activity index and alpha angles.

126

Statistical analysis

Statistical analysis was performed using the software
package SPSS (IBM Corp. Released 2015. IBM SPSS
Statistics for Mac OS, Version 23.0. Armonk, NY).
Descriptive statistics are presented as means-standard
deviations (SD) for parametric variables and medians-
ranges for non-parametric variables. When comparing
means, one-way ANOVA and student’s t-test were used
for parametric variables; and Mann-Whitney-U test
and Kruskal-Wallis test were used for non-parametric
variables. Paired samples t-test was used for comparing
the pre-operative and post-operative functional scores.
The chi-square test and Fisher’s exact test were used
for comparing cateqgorical variables between groups.
We also ran a logistic regression analysis with treatment
success (based on FJS) as the dependent variable.
The results of the multivariate logistic regression are
presented as odds ratio (OR) with 95% confidence
intervals (Cl). Level of significance was determined as
5% for all the tests.

Results

Pre-operative

The number of patients in the study groups and the
pre-operative clinical and radiographic results are
summarizedin Table1.When three groups are compared,
the only variable found to be different was the pre-
operative alpha angle (p=0.042). When compared in
pairs, SHD group had a higher average pre-operative
alpha angle than both the HA (p=0.021) and the AMO
(p=0.047) groups.

Pre-operative mean HHS and UCLA activity index
values (Table 1) were similar between groups (p=0.719
and p=0.405, respectively).

Post-operative

As the primary outcome measure, the mean post-
operative FJS was 74.5 (*13.8) for the HA group, 72.6
(£17) for the AMO group and 527 (x24) for the SHD
group (Figure 2). There was a significant difference
between the groups (p=0.023) and when compared
pairwise, SHD group was found to be significantly lower
than both the HA group (p=0.012) and the AMO group
(p=0.019).

www.actamedica.org
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When grouped according to treatment success based
on the FJS, 28 patients (68.3%) resulted in a successful
treatment meanwhile 13 patients (31.7%) were less
successful. When success rates of the study groups are
compared, a significant difference was found (p=0.039,
Table1).Table 2 summarizestheclinicaland radiographic
variables between the two groups. Two of the pre-
operative features demonstrated significant difference
between groups; the group regarded as unsuccessful
had a higher percentage of patients with pre-operative

100

80 M

N
A\

A
ov

Post-operative FJS

20

HA AMO SHD

Figure 2. Post-operative FJS of the three study groups.
There was a significant difference of means (p=0.024).

Tonnis stage =2 (38.5% vs 7.2%, p=0.024), and also a
higher pre-operative mean alpha angle (74.3 vs 66.6,
p=0.042).

As the secondary outcome measures, post-operative
HHS and UCLA activity indexes of the three surgery
groups were compared (Table 1). The mean post-
operative HHS (p=0.384) and UCLA activity indexes
(p=0.848) were similar between the groups (Figure 3,
Figure 4). HHS showed significant improvement after
surgery, for each group, when compared to the pre-
operative values: HA group increased from 68.8 (+6.9)
to 88.0 (*4.9) (p<0.001), AMO group from 70.5 (£8)
to 86.6 (x6.4) (p<0.001), and the SHD group from
72.4 (+£8.6) to 84.3 (+9.5) (p=0.021). UCLA activity
indexes also showed significant improvement for
HA and AMO groups: HA group increased from 5.1
(£0.9) to 6.2 (%1.1) (p=0.003) and AMO group from
49 (*1.2) to 6.1 (%£1.2) (p<0.001) post-operatively.
The SHD group also showed a small improvement
and increased from 5.4 (*1.8) to 5.9 (*1.1); but that
did not reach significance statistically (p=0.225).
As another secondary outcome of our study, post-
operative alpha angles were also measured (Table 1).
The mean values were similar between the three study
groups (p=0.597). All the groups showed significant
reduction of the alpha angles when compared to
the pre-operative mean values: HA group decreased
from 64.1 (¥12.7) to 41.9 (*11.7) (p<0.001), AMO group
decreased from 67.5 (+6.6) to 39.1 (x6.5) (p<0.001) and

Table 2. Clinical and radiographic variables of two groups according to treatment success based on FJS

Unsuccessful (FJS<70) Successful (FJS<70) p value
Age (Mean*SD) 377 (£13.7) 36.4 (£11.9) =0.699
BMI (Mean*SD) 25.2 (x2.4) 24.2 (£3.9) =0.093
Labral tear
Not present 2 (15.4%) 9 (32.1%) =0.453
Present (Full thickness or degenerative) 11 (84.6%) 19 (67.9%)
Tonnis stage =0.024
<2 8 (61.5%) 26 (92.8%)
=2 5(38.5%) 2 (7.2%)
Pre-operative alpha angle (Mean+SD) 74.3 (£15.2) 66.6 (£9.7) =0.106
Anterior offset (Mean+SD) 0.16 (+0.05) 0.17 (x0.04) =0.395
Lateral center edge angle (Mean+SD) 30.8 (£8.1) 277 (x7.3) =017
Acetabular angle (Mean*SD) 38.6 (x3.7) 39.9 (#4.5) =0.386
Toénnis angle (Mean+SD) 4.3 (£3) 5.9 (x4.2) =0.289
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Figure 3. Post-operative HHS of the study groups. The
means were not different between groups (p=0.404).
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Figure 4. Post-operative UCLA activity indexes of the

study groups. The means were not different between
groups (p=0.8438).

Table 3. Results of the regression analysis

Univariate analysis

Odds ratio (95% Cl)

Tonnis stage 0.12 (0.02-0.74)

Type of surgery
HA 9(%1.1-71)
AMO 7(*1.2-41.4)

Pre-operative alpha angle 0.94 (0.88-1.00)
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the SHD group decreased from 79.7 (£15.1) to 37.7 (£11.9)
(p<0.001).

A multivariate logistic regression analysis was
performed with treatment success as the dependent
variable, to analyse the effect of pre-operative factors
on the possible outcome of the treatment. The pre-
operative variables that are included in the analysis
were; age, BMI, presence of a labral tear, Ténnis stage
(dichotomized as =2 and <2), pre-operative alpha
angle, femoral head-neck offset, lateral CEA, acetabular
angle, Tonnis angle and the type of surgery performed
(with SHD designated as the baseline). The results of
the regression analysis are presented in Table 3. In the
univariate analysis, three of the variables (Ténnis stage,
pre-operative alpha angle, type of surgery performed)
reached significance and entered the multivariate
analysis. In the multivariate analysis, pre-operative
alphaangle lost significance and two variables remained
related with treatment success: Tonnis stage and type
of surgery performed.

Discussion

Even though SHD allows more complete assessment of
the hip joint, labral and acetabular pathologies, the trend
in recent years is in favour of less invasive techniques.
Today, SHD is preferred in selected cases with global
pincer, where the posterior compartment of the hip
joint should be seen, while HA and AMO are frequently
preferred because of both decreased hospital stay and
the shorter rehabilitation period[18].

In our study, demographic data in 3 different groups
were similar. Only the alpha angle was higher in the
SHD group pre-operatively. This difference in the pre-
operative alpha angle was an indication to go for SHD

Multivariate analysis

p value Adjusted odds ratio (95% CI) p value
0.022 0.091(+0.005-0.659) 0.023
0.037 1.2 (¥1.2-50.5) 0.029
0.032 7.2 (*1.1-48.8) 0.041

0.063 -

www.actamedica.org
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in patients with severe deformity; but especially in the
last few years, minimally invasive methods are more
frequently utilized even for more severe deformities.
Literature showed inferior results of hip arthroscopy
in patients presenting with anterior acetabular
insufficiency, acetabular dysplasia or aberrant femoral
retroversion[19]. Although the pre-operative alphascore
was higher in the SHD group, there was no statistically
significant difference among the 3 groups in terms of
post-operative alpha angles.

To the best of our knowledge, FJS-12[20], which is
a PROM with a lower ceiling effect, was applied in 3
different surgical method groups for the first time. Our
results showed that; FJS-12 was found to be lower in the
SHD group, which showed comparable functional results
interms of HHS and UCLA activity indexes. Capsulotomy,
trochanteric osteotomy, existence of hardware, muscle
damage and sacrificing the ligamentum teres all
may contribute to a micro-instability and eventually
increased joint awareness in the SHD group may be the
cause of difference between groups. FJS-12, which has
been used since 2012 to evaluate patient satisfaction
especially after arthroplasty, is needed to be analysed
on FAS patients with larger cohort series.

The number of studies comparing SHD, HA and
AMO is limited in the literature and also outcome
measurements differ considerably among studies. In
the study of Beck et al., SHD was applied to 19 hips due
to FAIl, and 13 patients were classified as excellent-to-
good based on Merle d’Aubigné-Postel score [21]. In the
study by Domb. et al., which 10 SHD and 20 HA patients
were evaluated, Non-Arthritic Hip Score (NASH) was
significantly higher in the HA group (94.2 vs 85.7) [22].
Additionally, in the study by Byrd et al,, it is stated that
during the 10-year follow-up period of hip arthroscopy
performed on 15 athletes, the median improvement in
the modified Harris hip score was 45 points. Also, it was
emphasized that HSS is not sufficiently sensitive and
has a high ceiling effect [23].

There are some limitations to our study; the mean age
was relatively young compared to the literature, and
there was no THA conversion in any of the patients,
since the follow-up period was midterm. For this reason,
joint survival was not designated as an outcome as it
is in many hip-preservation studies in the literature. In
the multivariate analysis, a significant relationship was
found between the Ténnis stage and surgical success. In
previous studies, the relationship between the increase

www.actamedica.org

in the Tonnis stage and the failure of surgery and the
return to THA have been shown[24,25]. Risk factors for
treatment failure includes a longer mean symptomatic
period before surgical procedure, older age, higher
BMI, hip dysplasia, acetabular retroversion, higher
pre-operative alpha angle, full thickness acetabular
chondral lesion, higher Ténnis grade of osteoarthritis,
labral hypertrophy and total labral resection. However,
its relationship on joint awareness has not been
documented in the literature. The follow-up period
was found to be similar between the study groups,
however, the wide range of follow-up for the whole
study population (ranging between 16 to 256 months) is
a significant source of heterogeneity. Finally, our study
has a small sample size which may not be adequate to
detect small differences in the outcomes. A significant
difference has been found with regards to the primary
outcome measure, postoperative FJS, therefore we
elected not to run a post-hoc power analysis as part
of the study. However, when an analysis is made with
a small effect size (0.2), the post-hoc power is found
to be less than 0.5, which shows that the study may be
inadequately powered to show smaller differences in
other variables.

In conclusion, all 3 surgical approaches provide similar
radiological and functional results after midterm follow-
up if evaluated with conventional outcome scores of HHS
of UCLA. In that point, FJS appears to be a more sensitive
outcome measure providing accuracy to demonstrate a
functional difference. We believe that joint awareness is
an important component of patient satisfaction, and it
is closely related to the success of a surgical procedure.
High joint awareness and low patient satisfaction are
expected in patients with advanced arthritis (Tonnis
stage=2) or who were applied SHD regardless of the
Tonnis stage, therefore early intervention before the
development of advanced arthritis and less invasive
techniques (HA and AMO) are preferable for FAl surgery.
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