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Abstract

The purpose of this pilot study was to explore the relationship between pathologies in the acetabular
labrum and end-stage osteoarthritis (OA). The study design was a prospective observational case series
of 10 patients undergoing total hip replacement for end-stage OA. The arthroplasty procedure was
performed using a standard lateral approach. An arthroscope was used along with a 5-mm probe to
examine the labrum and the cartilage on the femoral and acetabular sides. Two blinded hip arthroscopy
surgeons viewed the recordings and assessed the presence and location of labral tears and cartilage
lesions according tothe Lage and Outerbridge classifications, respectively. The mean age of the 10 patients
was 67 years. Labral pathology clustered in the anterior-superior quadrant was detected in all 10 hips.
Tear patterns included longitudinal peripheral tears, fissuring, and large unstable tears. Significant inter-
observer variability was noted. In all hips with focal acetabular articular lesions (40%), the lesion was
located immediately adjacent to the labral pathology. In conclusion, all patients with end-stage OA were
found to have a labral tear. The pathology, which was predominantly located in the anterior-superior part,
was also a common site of more focal arthritic changes. This suggests that labral tears could be associated
with the development of OA, indicating directions for further studies on this connection.

Level of Evidence: Level I
Keywords: Hip; Labrum; Lage; Lesions; Osteoarthritis; Outerbridge
Abbreviations: OA: Osteoarthritis; THR: Total Hip Replacement

Introduction

In the last decade, there has been growing interest in acetabular labral pathology, with
a substantial increase in publications on diagnostic and therapeutic factors related to the
preservation of hip joints. The acetabular labrum is a fibro-cartilaginous horseshoe-shaped
structure directly attached to the acetabular rim. It is continuous with the articular hyaline
cartilage of the acetabulum through a zone of calcified cartilage and inferiorly continuous
with the transverse ligament. It is widest anteriorly and thickest superiorly [1]. As the labrum
has no intrinsic blood supply, it receives blood from a vascular ring located on its capsular
side [1,2].

The labrum was previously thought to perform unimportant biomechanical function [3].
However, recent evidence has revealed its anatomical value [1,4-8]. Its functions include the
distribution of upper body pressure, shock absorption, proprioception, cartilage nutrition,
and hip joint stability [9,10]. As we are becoming increasingly aware that subtle changes in
normal hip anatomy may eventually lead to cartilage pathology, the effects of such changes
need to be further quantified. What were previously thought to be “primary” osteoarthritis
(OA) of the hip could likely be the result of minor structural changes in the hip, such as
femoral acetabular impingement or a labral tear, as suggested by Ganz et al. [11]. Given this
new area of inquiry, the role of the labrum in cartilage health and the onset of hip OA should
be explored.
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The causes of labral tears are defined in the literature as either
traumatic or atraumatic. Atraumatic causes include developmental
dysplasia, femoral acetabular impingement, degeneration, and
microinstability. Traumatic causes are far less common and typically
involve either subluxation or dislocation of the femoral head
[2,9,10]. Labral tears usually present with anterior hip and groin
pain or mechanical symptoms such as clicking, locking, and giving
way [9]. Despite health professionals’ increased awareness of the
condition, it is one of the frequently missed diagnoses, and often
the symptoms remain unidentified for years. This is partly due to
the lack of consensus in proper diagnostic tools, as arthrography is
considered one of the better diagnostic tools, while arthroscopy is
considered the gold standard for detecting labral tears [10,12,13].

A growing number of cadaveric and biomechanical studies
have produced evidence suggestive of a potential role of labral tear
in the development of end-stage arthritis of the hip joint [1-3,5-
7,11,14-20]. A study that included 436 consecutive arthroscopies
in hips with mechanical symptoms and no radiographic evidence
of OA found that 77% of the patients who had labral tear exhibited
articular cartilage damage. In 90% of the cases, the articular
cartilage damage and labral tears were located in the same zone in
the acetabulum, suggesting that labral tears can double the risk of
chondral erosion [17].

In 1996, Lage et al. [21] developed a classification system
for labral pathologies, commonly called the Lage classification.
The system takes into account the etiology, shape, and extent of
tears in the labrum [21] and can be used to quantitatively assess
the extent of labral damage. For the assessment of acetabular
cartilage damage, Outerbridge developed a descriptive system
for a better understanding of the etiology of chondromalacia of
the patella, which has been used to grade the severity of cartilage
erosion afterwards [22]. The reasoning was that if labral tears were
established as a precursor for OA, proper prevention and early
intervention programs could be implemented.

Hypothesis and Purpose

We hypothesized that patients with end-stage hip OA present
with labral pathologies. Therefore, the primary purpose of this pilot
study was to examine the relationship between pathologies in the
acetabular labrum and end-stage OA. The primary outcome was the
description of the location and severity of the labral pathologies.
The secondary outcome was to determine the feasibility and
reliability of our measurement tools with a view to conducting a
larger cohort study.

Materials and Methods

The study design was a single-center prospective observational
case series conducted (blinded for review). Patients diagnosed
with end-stage OA who were to undergo total hip replacement
(THR) surgery were included in the study. Participants requiring
THR for indications other than OA or had previous operations on
or prior fractures or metabolic conditions in the hip were excluded
from the study. A total of 10 patients (5 males and 5 females) who
met the inclusion criteria were enrolled. The patients’ ages ranged

between 50 and 85 years, and their mean age was 67 years. Six
right and four left hips were examined. The study was approved
by the institutional ethics board, and all patients signed informed
consent forms.

Routine preoperative X-ray weight bearing anterior-posterior
pelvis and frog lateral views of the studied hips were obtained.
Using these images, the Kellgren-Lawrence stage for each hip
was determined by an orthopedic surgeon blinded to the hips’
conditions.

Surgical technique

A standard THR procedure was performed by an arthroplasty
surgeon. The only modification to the technique was a 360-degree
assessment of the femoral head and the acetabulum using
an arthroscopy system. Following anesthesia induction and
endotracheal intubation, the patients were placed in the lateral
decubitus position, and after standard surgical site preparation, the
hip joint was approached laterally. Once the surgeon was down to
the capsule, an arthrotomy was performed, exercising care to avoid
iatrogenic injury to the labrum.
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s

Figure 1: Division of the acetabulum into four quadrants to standardize
assessment and reporting of findings.

Videos recorded by the arthroscope were used to provide
magnified views of the labra. A clock face system was used to
allow the labral lesions to be localized anatomically along with
acetabular lesions using a four-quadrant system (Figure 1),
which facilitates reproducibility in future studies. The 6 o’clock
position on the femoral head and neck, which corresponds to
the middle of the transverse ligament on the acetabulum, was
double-marked by electrocautery prior to making the neck cut
to avoid losing the orientation to the head once it was out of the
acetabulum. Appropriate retractors were then placed to achieve a
full 360-degree view of the acetabulum.

The labrum was dynamically examined using a 5-mm probe and
video recording on the arthroscopy system. The surgeon started
with a five-second view of the entire labrum and acetabulum
(Figure 2). Next, starting at the 6 o’clock position, the surgeon
probed the labrum, spending 10 seconds on each quadrant. The
surgeon then spent 10 seconds examining the articular cartilage
for signs of decay using the transverse ligament as a reference and
the 5-mm probe as a gauge for size. The surgeon then examined the
femoral head and neck for structural abnormalities and cartilage
defects for 15 seconds (Figure 3). The videos were then de-
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identified and saved for later analysis by the principal investigator,
who specializes in hip arthroscopy, and a second researcher with
a fellowship in hip arthroscopy. The prevalence of labral tears was
determined and qualitatively described and classified according to
the Lage classification, the only available arthroscopic classification
[21] (Table 1).

Table 1: Comparison of the two blinded surgeons’ findings.

Variables Observer 1 | Observer 2
Presence of labral tear 10 10
Only anterior-superior 3 2
Anterior-superior and 7 8

posterior-superior
Lage classification Class 1 1 2
Class 2 0 1
Class 3 1 5
Class 4 8 2
Outerbridge Class 1 1 4
classification
Class 2 4 1
Class 3 2 3
Class 4 3 2
Cam lesions 6 6

Figure 2: Identification of a labral tear (L:labrum; A:acetabulum).

Figure 3: Assessment of the femoral head for pathology (F: femoral
head; G: gloved hand).

The observers also described the articular cartilage pathology
on the acetabular and femoral sides. The anatomic location of such

pathology was described using the same quadrant system used for
the labrum, with the midpoint of the transverse ligament being at
the 6 o’clock position and the corresponding electrocautery double
mark at the 6 o’clock position on the femoral side. The size of the
lesion was measured using the 5-mm probe and classified according
to the Outerbridge classification [22] (Table 2).

Statistical Analysis
Only descriptive statistics are reported.
Results

Six right and four left hips were included in the study, with an
average joint space of <1mm and Kellgren-Lawrence stage 3 or 4,
as determined from preoperative images. As shown in Table 1, all
hips were found to have a labral tear by both blinded observers.
The major focus of the labral tear in all hips was in the anterior-
superior location. In 70% of the hips, extension of the labral
tear to the posterior-superior quadrant was observed by at least
one observer, with 70% inter-observer agreement. The labral
pathology was identified as longitudinal unstable tear, fissuring,
or large unstable tear. There was significant variability in the two
observers’ descriptions of arthritic labral pathology according to
the Lage classification, with only 30% agreement (Table 2).

Articular cartilage lesions were detected in all hips, with 100%
agreement between the two observers. However, there was only
10% agreement in terms of Outerbridge scores. In 40% of the hips,
there was agreement on the location of the cartilage lesion only
adjacent to the labral tear and in the same quadrant as the labral
tear (Table 2). In one patient, the femoral head was not captured
in the video clearly enough to assess cartilage loss and cam lesion.
Femoral cartilage loss was observed in all the remaining nine hips,
with 100% inter-observer agreement. There was 78% agreement
regarding the presence or absence of cam lesions (seven of nine
hips). Cam lesions were detected by both observers in five of the
nine hips (56%) (Table 2).

Discussion

In this study, both observers found a labral tear in all (10)
patients undergoing THR for end-stage OA. All of them had tears
in the anterior-superior location, and most (at least seven) had
tears in the posterior-superior location as well. To the best of our
knowledge, no previous studies have investigated the prevalence
of labral tears in living patients with end-stage OA. However,
cadaveric studies have shown a high prevalence in individuals with
osteoarthrosis and hip pain [1,23]. Seldes etal. [1] examined 55 hips
of adultindividuals with a mean age of 78 years and found that 96%
had labral tears, 74% of which were located in the anterior-superior
quadrant. They also found grade 1-4 articular cartilage lesions in
more than 85% of the femoral heads and acetabula and reported
that in 33% of the hips, the focal articular cartilage pathology on
the femoral head was in the same location as the labral tear. These
findings are consistent with our study, where the focus of labral
pathologies was mostly located in the anterior-superior quadrant
of the labrum. McCarthy et al. [17] attributed this high prevalence
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of anterior labrum pathology to its hypovascularity and inferior
mechanical properties, as well as to the fact that it is subjected to

greater mechanical stress than other parts of the labrum.

Table 2: Labral tear and acetabular cartilage lesion localization and grading by the two blinded observers using video recordings of THR prior to

excision of the femoral head.

Patients | Observer 1 Observer 2
Lage Outerbr¥dge ace.tabular Femoral Cam Lage Outerbr%dge ace.tabular Femoral Cam
labral tear cartilage lesion . . labral tear cartilage lesion . .
e A cartilage loss lesion e A cartilage loss | lesion
classification classification classification classification
3 (same quadrant as « " . « «
1 4 Jabral tear) N/A N/A 3 4 (diffuse) N/A N/A
2 4 4 (diffuse) Yes Yes 2 3 (same quadrant Yes Yes
aslabral tear)
4 (same quadrant as 2 (same quadrant
3 4 labral tear) Yes No 3 aslabral tear) Yes No
4 4 3 (same quadrant as Yes No 3 1 (same quadrant Yes No
labral tear) aslabral tear)
5 4 2 (diffuse) Yes No 4 1 (same quadrant Yes Yes
aslabral tear)
6 1 2 (diffuse) Yes Yes 1 1 (same quadrant Yes Yes
aslabral tear)
7 4 1 (diffuse) Yes Yes 3 3 (same quadrant Yes Yes
aslabral tear)
2 (same quadrant as 1 (same quadrant
8 4 labral tear) Yes Yes 4 aslabral tear) Yes Yes
9 3 2 (diffuse) Yes Yes 1 3 (same quadrant Yes No
aslabral tear)
10 4 4 (same quadrant as Yes Yes 3 4 (same quadrant Yes Yes
labral tear) aslabral tear)

*Femoral cartilage loss and cam lesions were not assessed in Patient 1 due to poor video quality.

Acetabular articular cartilage lesions were detected in all
10 hips by both observers in this study. In 40% of the cases, the
cartilage defect was limited to the area immediately adjacent to the
labral tear, which is in line with other studies’ findings [2,24]. The
rest of the patients had cartilage lesions both adjacent to the labral
tear and diffused to other areas. This is suggestive of an association
between labral tears and the arthritic process, although it does not
establish causality.

In this study, there was only 10% agreement between the
observers regarding the articular cartilage grade according to
the Outerbridge classification. This can likely be attributed to
the visualization difficulty when using the arthroscope in an
open dry environment, as well as to the fact that the Outerbridge
classification was also developed for assessing patellar cartilage
rather than acetabular cartilage [22]. That being said, to the
Outerbridge system may slack validity as an acetabular cartilage
damage classification system, which results in the lack of agreement
between the observers.

A growing body of evidence suggests that the acetabular labrum
plays an important role in maintaining normal hip mechanics
and that labral pathology is involved in the development and
progression of hip arthritis [2,4-8,11,14-19,25]. However, despite
our increased understanding of labral pathology, it is still difficult
to draw conclusions on the relationship between labral tears and
the development of hip OA. Our findings provide important insight
into a close relationship between labral tear and end-stage OA. This
study’s major strength is that it is the first to examine the labrum

in a patient population undergoing THR through the assessment of
videos and radiographs by blinded fellowship-trained orthopedic
surgeons.

However, this study has several limitations. The main limitation
concerns the significant inter-observer variability when describing
the labrum pathology according to the Lage classification [21]. This
could be attributed to several factors. One factor is related to the
difficulty of obtaining adequate videos intraoperatively due to the
arthroplasty surgeon’s limited experience using the arthroscope for
assessing hip pathology. Second, the Lage system was not designed
to classify labral pathology in patients with end-stage OA. Lage
et al. [21] arthroscopically assessed labral pathology in 267 hips
belonging to patients with a median age of 40 years [21].

Our study’s population had an average age of 67 years and
relatively complex labral pathology related to end-stage OA,
which was difficult to classify consistently according to the Lage
classification. Another major limitation is the study’s low sample
size. With only 10 participants, no definite conclusions can be
drawn. Nevertheless, the highly narrowed scope of the study
should be acknowledged. Lage et al. [21] started their observations
of labral pathology with a sample size of 367 hips; the first 100
hips were excluded, as they were considered a learning curve for
the observers to gain experience identifying and describing labrum
tears. This ensured higher inter-rater reliability. Therefore, it is
possible that a sample size large enough to allow for the allocation
of some participants for practice may have yielded greater inter-
observer agreementin our study. An additional limitation is that key
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demographic characteristics were not considered in the inclusion/
exclusion criteria. Factors such as gender, race, history of physical
activity, and body mass index may have a considerable impact on
the labrum’s condition in end-stage hip OA. For example, a strong
correlation has been found between culture and the location of
labral tears: anterior tears are more common in the North American
population, whereas posterior tears are more common in Asian
populations, primarily due to their different seating habits, which
subject the hip to more posterior stress [26]. Finally, even though
arthroscopy is considered the gold standard for labral tear viewing,
there was some difficulty utilizing the arthroscope to achieve
adequate quality for the video recordings without the presence
of an arthroscopist during the procedure. To ensure acceptable
data quality, the involvement of an arthroscopist and/or the use
of different techniques to achieve better viewing of the labrum is
highly recommended.

As previously mentioned, this was a pilot study on the labrum
in patients with end-stage hip OA. Considerably more research
needs to be undertaken. First, a new system for the classification
of labral tears in arthritic hips needs to be developed, as there
is currently no gold standard for classifying labral tears in end-
stage hip OA. Second, larger sample sizes are required for drawing
reliable conclusions. Third, the relationship between demographic
characteristic sand labral tears should be further examined. Finally,
the procedure should be replicated using a variety of imaging
equipment to find the best possible way to view labral tears.

Conclusion

Overall, the results of this study suggest a high prevalence of
labral pathology in patients undergoing THR for OA. This labral
pathology was predominantly found in the anterior-superior
quadrant of the hip. Further research is required to substantiate the
evidence suggesting a possible causal relationship between labral
tears and the development of OA. The use of the Lage classification
for the labrum and the Outerbridge classification for cartilage
showed poor inter-observer reliability. A novel classification system
for degenerative labral tears in end-stage OA hips is required.
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