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Abstract
Purpose Arthroscopy of the hip joint is considered a demand-
ing procedure with long learning curve. There are only a few
studies that concentrate on this topic. This prospective clinical
study evaluates the learning curve of the hip arthroscopy
based on clinical outcomes, surgical time, and complication
rate.
Materials In this study, we first evaluated 150 hip arthroscopy
procedures performed by a single surgeon. The patient group
consisted of 86 females and 64 males with mean age 37 years
(range 16–69). Study cohorts were divided into groups of 50
patients. Surgical time, complication rate and clinical results
based on NAHS score were recorded for each group.
Statistical analysis of differences between groups was per-
formed using the ANOVA method and paired t-test.
Results We found a statistically significant decrease of com-
plication rate with more procedures performed. There were
significantly better clinical outcomes after at least 100 proce-
dures. No difference in surgical time was found, but towards
the end of the learning curve, more complex procedures were
performed. The only statistical difference was the portal setup
time. The learning curves were constructed based on these
results.
Conclusions Hip arthroscopy provides very good clinical out-
comes if precisely indicated and performed. It is, however, a

demanding procedure with many possible pitfalls and compli-
cations. According to our study, at least 100 procedures are
needed to gain basic technical and indication skills. The pres-
ence of a more skilled surgeon in the beginning of the learning
curve is advised to reduce the complication rate.

Keywords Hip arthroscopy . Femoro-acetabular
impingement . Hip reconstructive surgery . Learning curve

Introduction

Hip arthroscopy is currently considered a rapidly evolving
treatment method for various hip pathologies. The main indi-
cation for hip artrhoscopy is the treatment of labral and carti-
lage defects associated with femoro-acetabular impingement
syndrome (FAI) [1]. The number of patients has increased
rapidly over the past decade and many surgeons are now
performing hip arthroscopy as a routine procedure.
However, hip arthroscopy is known to be a demanding proce-
dure with a steep and long learning curve [2]. Surgeons’ skills
and experience are crucial to achieve good clinical results
and a low complication rate [3]. However, there is no clear
evidence in literature about the number of procedures
needed to obtain basic hip arthroscopy skills [4, 5]. In
our department, hip arthroscopy has been established as
one of the standard techniques to address hip pathology
in patients under the age of 50.

We assume that the learning curve for hip arthroscopy is
much steeper compared to learning curves for knee [6] and
shoulder arthroscopy [7], as the hip arthroscopy has several
aspects that make the procedure more technically demanding.
In most studies, surgical time and complication rates are used
to evaluate the learning curve [2]. Apart from the learning
curve to achieve appropriate technical skills, we also decided
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to evaluate clinical outcomes at least 24 months after the sur-
gery, as well as the type of procedures performed during the
arthroscopy after a certain amount of experience. We prospec-
tively evaluated the first 150 hip arthroscopy procedures per-
formed in our department by a single surgeon. Surgical time,
complication rates, types of procedures and subjective patient
outcomes based on non-arthritic hip score (NAHS) [8] were
evaluated in this prospective study. Based on this analysis, we
aim to estimate a learning curve for hip arthroscopy. This
study may help to focus on the basic pitfalls in the training
of novice surgeons in hip arthroscopy.

Material and methods

In this study, the first 150 hip arthroscopic procedures per-
formed by a single surgeon in the years 2010–2015 were
prospectively evaluated. The mean age of patients was
37 years (16–67). In the patient cohort, 86 females and 64
males were evaluated. The main diagnosis was FAI and its
associated pathology. Surgical indications are summarised in
Table 1. Patients included in this study had no signs of severe
osteoarthritis on a pre-operative X-ray. The joint line
narrowing to under 4 mm on AP standing radiographs was
considered to be a contraindication for hip arthroscopy. All
patients had plain MRIs (no contrast) prior to surgery to con-
firm the diagnosis and to exclude patients with possible avas-
cular necrosis (AVN) of the femoral head. We used standard
T1 and T2 weigthed coronal, transversal and radial scans to
evaluate basic chondrolabral pathology as the contrast MRI
arthrograms were not available for all patients at the time of
the study.

Patients were divided into three groups of 50 patients ac-
cording to the surgeon’s experience, measured by the total
number of procedures performed. The first patient group
consisted of cases 1–50, the second group with cases 51–
100 and the third group with cases 101–150.

The surgical team consisted of the main surgeon and the
assisting surgeon, both of whom were experienced in knee
and shoulder arthroscopy. Prior to starting to perform hip ar-
throscopies, the individually evaluated surgeon had performed
more than 300 arthroscopic knee and shoulder procedures and
underwent both the basic and the advanced level cadaveric hip
arthroscopy courses. The evaluated surgeon was also familiar
with hip preserving surgery using standard approaches for

surgical hip dislocation (SHD) and anterior minimally inva-
sive approach (AMIS) as well as being trained in X-ray and
MRI evaluation of FAI syndrome and proper clinical
examination.

Surgical technique

All patients were treated using a standardised arthroscopic
technique with the patient in supine position on a traction
table. The arthroscopy started with central compartment eval-
uation. Traction was applied and guide wire inserted into the
joint through an anterolateral portal using puncture needle and
X-ray control. The portal was dilated and a 70° scope was
inserted through the portal. An anterior portal was established
under direct visualisation outside-in. After the portal setup, the
basic diagnostic evaluation was performed. The hip labrum,
articular cartilage, femoral head, acetabular fossa and joint
capsule were inspected. After diagnosing the pathology, a
shaver was used to thin down the joint capsule; no capsular
excision was made. After this preparation, rim trimming and
labral reconstruction was performed using the mid anterior
portal to insert the suture anchors. We used tying suture an-
chors designed for hip labral repair. At the end of the central
compartment treatment we repaired articular cartilage; we
mainly used microfracturing of the subchondral bone and
loose end trimming using a shaver. After the central compart-
ment was treated, we cancelled the traction and inspected the
peripheral compartment. Synovectomy and capsular reduction
were performed if needed, femoral head/neck junction was
inspected for CAM deformity and it was reduced under X-
ray control. When the femoral head osteoplasty was finished,
dynamic impingement evaluation was performed and any re-
sidual impingement repaired. The arthroscopic procedure was
ended by drain insertion and portal suture.

Post-operative management

All patients underwent standardised post-operative protocol.
Patients were allowed partial weight bearing ambulation using
crutches from the day of the surgery. The drain was removed
the second day before the patient was discharged from the
hospital care. The first check-up was at ten days post-
operatively to remove the stitches and to evaluate the wound.
Patients were limited to 90° flexion in the hip joint, and rota-
tions were allowed according to subjective pain for the first

Table 1 The main indications for
hip arthroscopy (number of cases) Indication for hip arthroscpy Group 1 Group 2 Group 3 Total

FAI and associated pathology (Labrum, CAM lesion) 48 (96%) 48 (96%) 42 (84%) 138 (92%)

Snapping hip syndorme (iliopsoas or IT band) 0 1 (2%) 4 (8%) 5 (3.5%)

Loose bodies 2 (4%) 1 (2%) 1 (2%) 4 (2.5%)

Ligamentum teres disorders 0 0 3 (6%) 3 (2%)
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four weeks post-operatively. After four weeks, full range of
motion was allowed with individual limitation according to
subjective pain. Weight bearing with limitation of up to 2/3 of
the body weight was proposed for six weeks post-operatively.
After six weeks from the surgery, gradual weight-bearing
without support was allowed according to clinical status.
Patients with large cartilage defects (over 2 cm2) were recom-
mended to use crutches for six to eight weeks. Exercising in
swimming pool and bike riding were allowed at eight weeks
from the injury in all patients. Avoidance of hard impacts and
jumps was strictly recommended for six months after the sur-
gery. Full sporting activity was allowed at six months after the
surgery for all patients. X-ray control was performed at
six weeks and six, 12 and 24 months after the surgery. On
X-rays, signs of worsening of osteoarthritis, formation of
para-articular ossifications and avascular necrosis of the fem-
oral head were recorded.

Post-operative evaluation

The surgical time, traction time and portal setup time were
recorded and evaluated. During the surgery, the type of
reconstructive procedure performed was also recorded.
All patients were evaluated clinically using NAHS score
[8] pre-operatively, six weeks and three, six, 12 and
24 months post-operatively. In all patients, the most se-
vere complications such as development of para-articular
ossifications (PAO), avascular femoral head necrosis
(AVN), worsening of osteoarthritis needing total hip
arthroplasty (THA), major bleeding, and femoral or peri-
neal hypesthesia were recorded and evaluated. Correlation
between surgical time and the type of procedure was per-
formed for all three patient groups. NAHS score in
24 months was evaluated and compared between all three
groups. Complication rates were also compared.

Statistical analysis

Statistical analysis using the ANOVA method and paired t-
tests between the groups were used, the level of significance
was set as p = 0.05. Based on this evaluation, we constructed
graphs of the learning curve based on surgical time, number of
cases and clinical results in 24 months.

Results

Types of procedures performed in all cases are summarised in
Table 2, and the evaluation of surgical times, clinical out-
comes and major complications are summarised in Table 3.

Patient group 1 (case 1–50)

The mean total surgical time was 95 minutes (58–129 mi-
nutes), the mean traction time 55 minutes, and the portal setup
time was 15 minutes on average. The main types of proce-
dures performed in this group were CAM lesion resection and
labral debridement. No labral reconstruction was performed in
this group. Clinical evaluation based on the mean NAHS
score was 57/100 pre-operatively, 74/100 in six weeks and
80/100 in two years. The main complications in this group
were AVN in three cases and severe worsening of hip arthritis
in five cases, all of these resulting in conversion to THA. No
signs of deep infection were noticed. We had six cases of
perineal hypesthesia that spontaneously resolved, and PAO
treated conservatively was present in three patients in
12 months.

Patient group 2 (51–100 cases)

In this group, the mean levels for the total surgical time de-
creased to 75 minutes (45–115 minutes), the traction time was
52 minutes and the portal setup 12 minutes. The primary type
of procedure was still CAM lesion resection, the second most
frequent procedure was labral re-fixation, followed by labral
resections. Clinical outcomes measured by the NAHS score
improved from 57/100 pre-operatively to 73/100 in six weeks,
and at 24 months the mean NAHS score was 82/100. We saw
one case of AVN in this group and three cases of severe wors-
ening of osteoarthritis on X-ray with severe pain. All of these
patients needed conversion to THA. Femoral or perineal
hypesthesia was present in seven cases. Treatment of this
complication was conservative with no sequelae. Formation
of PAO was present in four patients, of which one case
underwent open surgical revision with good results.

Patient group 3 (101–150 cases)

The mean surgical time was 85 minutes (57–122 minutes), the
traction time 56 minutes and the portal placement time five
minutes. The most common procedures were CAM resection,
labral refixation, and cartilage repair. Clinical outcomes were
also good; preoperative NAHS was 57/100, at six weeks
NAHS score improved to 75/100, and at 24 months the score
was 87/100. In this group, we observed no AVN, one conver-
sion to THA due to worsening of osteoarthritis, and one minor
superficial portal infection treated conservatively by antibi-
otics and local wound treatment. Upon X-ray check-up,
PAO was present in five patients with no surgical revision
needed. Femoral or perineal hypesthesia was observed in five
cases with spontaneous resolve.

All tested criteria were evaluated and compared among the
individual groups. When we focused on the mean surgical time
for all three groups according to the type of procedure we found

International Orthopaedics (SICOT) (2018) 42:777–782 779



no statistical difference among the three groups. The traction
time was also comparable with no statistical differences. The
only statistically significant difference was in the portal place-
ment time between group 3 and both previous groups
(p < 0.01).

Considering the clinical outcomes based on NAHS score,
there was a pre-operative average of 57/100 for all groups.
Post-operatively at six weeks, the score was 74/100 for group
1, 73/100 for group 2 and 75/100 for group 3. There was
statistically significant improvement of the clinical outcomes
in all groups compared to the pre-operative value. No statisti-
cal difference was found between the tested groups at
six weeks. Twenty-four months after surgery, the mean
NAHS score was 80/100 for group 1, 82/100 for group 2
and 87/100 for group 3. There was a statistically significant
difference in the clinical outcomes based on NAHS score
between group 3 and the other two groups in 24 months
(p < 0.043).

In the post-operative complication rate, we found that the
most common complication was perineal hypaesthesia—it
was present in all groups with no statistical difference. This
complication was associated with longer time (over 55 mi-
nutes) and in 86% of cases it was associated with male gender.
This complication resolved with no sequelae in all cases with-
in three weeks.

The formation of PAO was present in all groups at a com-
parable percentage and also with no significant difference
observed.

The main complication was AVN and worsening of osteo-
arthritis. For groups 1 and 2 it was always associated with
longer anamnesis of hip pain and it occurred in patients over
50 years of age. All cases of AVN were treated by a total hip
arthroplasty with good results. In all patients, AVN manifested
in the period of six to 12 months after the arthroscopic surgery

with femoral head collapse noticed on X-rays. The total inci-
dence of AVNwas 3.3% (5/150) with no AVN present in group
3. This difference was assessed to be statistically significant.
The conversion rate due to worsening of hip arthritis was also
significantly lower for group 3, compared to the other groups.

Based on the statistical outcome evaluation, we constructed
two separate graphs comparing the NASH score, the difference
in surgical time, and complication rates for all groups in order
to demonstrate the learning curve difference (Figs. 1 and 2).

Discussion

Hip arthroscopy is a demanding procedure for treatment of
various hip pathologies. Good clinical outcomes are based
on learning the basic surgical skills, and it is essential to follow
specific safety measures to reduce the complication rate and
maintain safety of the procedure [9]. In our study, we concen-
trated on prospective comparison of surgical times and clinical
results for a single surgeon performing hip arthroscopy. This
evaluation may help to improve the education and training of
surgeons willing to perform hip arthroscopy and help them to
focus on the main problems and pitfalls of hip arthroscopy.

In literature, there are several studies comparing merely
the surgical time of procedures or radiologic outcome find-
ings for hip arthroscopy as the leading criteria to evaluate
the learning curve after the surgery [10, 11]. In our study,
we observed that the total surgical time as a sole measure is
not good enough to evaluate the hip arthroscopy learning
curve, as it depends more on the type of procedure per-
formed. We found that with more experience the time nec-
essary to set up portals is significantly shorter, leaving
more time to perform more complex reconstruction proce-
dures while maintaining comparable traction time.

Table 3 Comparison of surgical time, NAHS score and major complications during the learning curve

Group Surgical/
traction time

Portal
setup

NAHS
preop

NAHS
6 weeks

NAHS
24 months

AVN + conversion
to THA

Paraarticular
ossification

Perineal
hypesthesia

Group 1 95/55 minutes 15 minutes 56 74 80 8 (16%) 3 (6%) 6 (12%)

Group 2 75/52 minutes 12 minutes 57 73 82 4 (8%) 4 (8%) 7 (14%)

Group 3 85/56 minutes 5 minutes 57 75 87 1 (2%) 4 (8%) 5 (10%)

NAHS non-arthritic hip score, AVN avascular femoral head necrosis, THA total hip arthroplasty

Table 2 Types of procedures performed during the learning curve (number of cases)

Group CAM
resection

Labral
debridement

Labral
refixation

Iliopsoas / IT
band deliberation

Acetabular
rim trimming

Loose body
extraction

Ligamentum
teres debridement

Group 1 45 (90%) 15 (30%) 5 (10%) 0 0 2 (4%) 0

Group 2 47 (94%) 25 (50%) 15 (30%) 1 (2%) 0 1 (2%) 0

Group 3 45 (90%) 5 (10%) 37 (74%) 4 (8%) 15 (30%) 1 (2%) 3 (6%)

780 International Orthopaedics (SICOT) (2018) 42:777–782



In our study, we evaluated clinical outcomes and compli-
cation rates after hip arthroscopy as major indicators of suc-
cess. As we observed, most of the severe complications such
as worsening of OA or AVNwere recorded at the beginning of
the learning curve. We assume that the main reason of the
relatively high complication rate is improper patient selection
during the initial phase of the learning curve rather than a
surgical mistake. In our hands, patient selection improved
with the more cases performed, based on the surgeon’s expe-
rience and feedback, and along with improved surgical tech-
nique, the complication rate dropped significantly.

In recent literature, there is a consensus that hip arthroscopy
is more complicated compared to knee arthroscopy and a
greater number of surgical cases is needed to gain the basic
surgical skills [5–7]. Konan suggests that 30 cases of hip ar-
throscopy are enough to establish good surgical skills [4]. In
our study, we found that the number of cases to gain appro-
priate surgical skills and achieve good clinical results is at least
100 cases, even for surgeons previously trained in shoulder
and knee arthroscopy, as previously reported by Boden [3].
Our study concentrated mainly on the cumulative number of
cases needed to produce stable clinical results and to gain
basic surgical skills, assuming the surgeon preforms at least
20 procedures per year. For surgeons that specialise in hip
arthroscopy, it is essential to maintain a constant number of
cases per year to maintain their skills. The total number need-
ed for routine performance is based not only on clinical

outcome evaluation, but also on the types of procedures
performed.

We did not aim to concentrate on a comparison between
different joint arthroscopies, but we decided to evaluate spe-
cific types of procedures performed at hip arthroscopy by a
single surgeon during the initial learning curve, as this evalu-
ation may lead to improvement of the training process.
Dietrich also proved in his study that supervision during initial
stages of the hip arthroscopy learning curve significantly min-
imises the occurrence of complications [12].

We observed that in the early stages of training for hip
arthroscopy, the portal set up consumes a significant amount
of surgical and traction time that may be used to perform more
complex procedures. This phenomenon was not yet observed
and quantified in literature. In our study, we did not observe a
gradual decrease of the surgical time during the learning
curve, but the stabilisation of surgical time was observed with
more complex procedures being performed in later stages of
the learning curve. We assume that stabilisation of surgical
time goes in correlation with better understanding of hip pa-
thology and principles of treatment.

The biggest challenge for the hip arthroscopy surgeon is
certainly learning the indications and limitations for the hip
arthroscopy [13]. The main indication remains FAI syndrome
and associated pathology of the hip joint with limitations that
must be respected [14]. According to the literature, there is not
a significant difference between hip arthroscopy and surgical
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hip dislocation in radiographic outcomes of CAM lesion treat-
ment. However, hip dislocation is considered to be a more
precise and safe method of treatment of large CAM lesions
[15]. According to these findings, surgeons should concen-
trate on small CAM lesions or mild combined type of im-
pingement, especially in the beginning of the learning curve.
Large CAM lesions or pincer type of pathology are more
suitable for open surgical hip dislocation or very experienced
hip arthroscopy surgeons [16]. Our study also supports this
theory, as we observed severe complications in the beginning
of the learning curve such as AVN or the worsening of oste-
oarthritis. These complications comemore often from improp-
erly chosen patients or imprecise indication, rather than from
surgical mistakes [11, 17].

Conclusion

Hip arthroscopy is a complex procedure that needs a longer
time to stabilise surgical skills compared to reconstructive ar-
throscopy in other joints. It is however a useful tool to achieve
very good results in hip reconstructive surgery, if proper indi-
cations and techniques are respected. The results support our
theory that at the beginning of the learning curve, surgeons
should concentrate on simple procedures such as CAM lesion
resection and proper portal establishment to avoid prolonged
surgical time and increased complication rate.
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