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Abstract

hyperlipidemia.

Background: Cholesterol can trigger degenerative processes in the chondrocytes. The internal layer of the hip
labral consists of cartilage-specific type Il collagen-positive fibrocartilage. The purpose of this study was to compare
outcomes after arthroscopy labral repair in FAIS patients with preoperative hyperlipidemia to a control group with no

Methods: Data were prospectively collected and retrospectively reviewed for FAIS patients who had arthroscopy
2019. Patients with hyperlipidemia were 1:1 propensity-score matched to patients without hyperlipidemia. Patient-
reported outcomes (HOS-ADL, iHOT-12, mHHS), VAS scores, radiographic measures, performed procedures, complica-
tions, and revision surgery were compared and analyzed for both groups.

Results: A total of 41 patients with hyperlipidemia and 41 patients without hyperlipidemia were found using
propensity-score matching. When compared to preoperative levels, both groups demonstrated significant improve-
ments in PROs and VAS scores at the final follow-up. Besides, there were no significant differences in preoperative
scores and final outcome scores between the groups. Besides, there were no other differences in revision rate and the
rate of meeting the PASS and MCID between the study and the control groups.

Conclusion: It was demonstrated in this study that FAIS patients with hyperlipidemia can expect to experience simi-
lar good short-term patient-reported outcomes as compared with patients without hyperlipidemia.

Level of evidence: Case-series study; Level of Evidence: Level lll.
Keywords: Hyperlipidemia, Femoroacetabular impingement syndrome, Patient-reported outcomes

Background

Over the last 20 years, acetabular labral tears have
become increasingly recognized as a source of hip
pain in the young, athletic patient population [1, 2].
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Symptomatic labral tears were mainly secondary to fem-
oroacetabular impingement syndrome (FAIS), which is
considered a precursor to osteoarthritis (OA) [3]. Sev-
eral RCTs studies had found that surgery was superior
to nonoperative management for acetabular labral tears
in younger patients [4, 5]. Hip arthroscopic surgery has
become a common procedure for the correction of labral
tears and can be considered to achieve the same long-
term efficacy as open surgery [6]. The incidence of hip
arthroscopy increased by 85% between 2011 and 2018 in
the United States [7]. Though good clinical effects were
achieved after surgery [8, 9]. Many demographic factors
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can influence the clinical outcomes of hip arthroscopy,
such as higher age, higher BMI, and female patients [10—
14], of which obesity demonstrated a twofold increased
risk of conversion to total hip arthroplasty [15].

Metabolic syndrome (MetS) is generally considered a
combination of obesity, hypertension, dyslipidemia, and
impaired glucose tolerance [16]. The prevalence of MetS
was over twofold higher in the OA population [17]. Perets
et al. demonstrate that Hyperlipidemia indeed plays a
role in the development of OA since an increased intake
of cholesterol led to more severe OA features in the knee
joints [17]. Metabolic disease may influence the healing
processes of the sutured labrum, thus, leading to infe-
rior clinical outcomes. Perets et al. reported that patients
with diabetes mellitus demonstrated a non-statistically
significant trend toward inferior outcomes in all patient-
reported outcomes, visual analog scale scores, and sat-
isfaction in FAIS patients [18]. However, few studies
had focused on hyperlipidemia in FAIS patients treated
with labral repair. Several studies suggested that choles-
terol triggered degenerative processes in the cartilage by
altered cholesterol homeostasis in the chondrocytes [19,
20]. The internal layer of the labral consists of cartilage-
specific type II collagen-positive fibrocartilage [21].

This sparked speculation about whether hyperlipidemia
in FAIS patients may influence the healing of sutured
labrum, and then compromise the surgical outcomes.
Therefore, the purpose of this study was to compare post-
arthroscopy results in FAIS patients with hyperlipidemia
to a control group with no hyperlipidemia.

Materials and methods

Approval for the study was granted through the hospi-
tal review board IRB. A prospectively collected and ret-
rospectively analysis was conducted of data from 2019.
Symptoms, clinical signs and imaging findings must be
present to diagnose FAIS [22]. Symptoms mainly includ-
ing motion-related or position-related pain in the hip
or groin. Clinical signs including a limited range of hip
motion, flexion adduction internal rotation (FADIR) or
flexion abduction external rotation (FABER) test. Indica-
tions for surgery were persistent pain, and failed conserv-
ative treatment after at least 3 months (physical therapy,
oral anti-inflammatory drugs, and/or intra-articular
injection). During the study period, a total of 290 hips
underwent arthroscopic procedures, of which 208 hips
had labral repair. Inclusion criteria included patients who
underwent labral repair, aged from 18 to 50 years old,
and with a minimum two years of follow-up. Exclusion
criteria included: history of previous ipsilateral hip oper-
ation (21 hips), contralateral hip surgery during the fol-
low-up time (12 hips), preoperative LCEA <25° (16 hips),
patients with diabetes mellitus (5 hips), moderate to
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advanced osteoarthritis (Tonnis grade >2) (3 hips), sac-
roiliac joint disease, and incomplete preoperative radio-
graphs and medical record. Hyperlipidemia included
one or both hypercholesterolemia and hypertriglyceri-
demia. Cut-off values used at our center for definitions
of hypercholesterolemia and hypertriglyceridemia were
total serum cholesterol >5.18 mmol/L and total serum
triglyceride >1.7 mmol/L. The diagnosis of hyperlipi-
demia was conducted by one physician and it was car-
ried out within one week before surgery. The study group
was propensity-matched 1:1 to the FAIS patients without
Hyperlipidemia.

Patient-reported outcomes (PROs), such as the Hip
Outcome Score-Activities of Daily Living (HOS-ADL),
Hip Outcome Score-Sport-Specific Subscale (HOS-SSS),
and International Hip Outcome Tool 12-component
form (iHOT-12), were used to evaluate the level of func-
tion included. Visual Analog Scale (VAS) was also pro-
vided for pain assessment. The VAS score for pain was
evaluated on a scale of 0 (no pain) to 10 (extreme pain).
Differences between preoperative and postoperative
scores were calculated. The Minimal Clinically Impor-
tant Difference (MCID) and Patient Acceptable Symp-
tomatic State (PASS) were also calculated to determine
meaningful outcome improvement. The published PASS
cutoffs of PROs were used, 88.2 for HOS-ADL, 76.4 for
HOS-SSS, 72.2 for iHOT-12, and 83.3 for mHHS. The
MCID thresholds for HOS-ADL, HOS-SSS, iHOT-12,
and mHHS were 9.7, 14.3, 13.9, and 9.2, respectively [23].

Radiographic measurements

The patients underwent preoperative anteroposterior
(AP) pelvis, 45° Dunn lateral radiography, and unilateral
hip MRI. Radiographic measurements were performed
using a picture archiving and communication system
(PACS; GE Healthcare). The LCEA angle and To6nnis
grade were measured on AP pelvis radiographs with
an LCEA angle>40° indicating pincer impingement.
The alpha angle was measured on 45°Dunn lateral
radiographs with an alpha angle>55° indicating cam
impingement. All MRI images were evaluated by one
musculoskeletal radiologist and one senior author. Both
observers were blinded to all clinical data of patients.
They took two measurements one month apart to deter-
mine the reliability and produce clinically meaning-
ful results. Intraobserver and interobserver reliability
between the author and the musculoskeletal radiologist
were calculated using the intraclass correlation coef-
ficient (ICC). The ICC found that the intraobserver and
interobserver reliability of gluteal tendinosis on MRI
was greater than 0.80 for each parameter, indicating an
acceptable level of reliability.
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Surgical procedures

All hip arthroscopies were performed by one senior
author. The patient was placed in the modified supine
position on standard hip traction (Smith & Nephew).
The procedure began with fluoroscopic localization of
the anterolateral (AL) portal, midanterior portal (MAP),
and the proximal mid-anterior portal (PMAP) [24]. An
interportal capsulotomy was performed. Pathology in the
central compartment, including pincer deformity, labral
injury, and chondrolabral injury, can be treated with
these portals. Depending on the labral condition, labral
tears were repaired with suture anchor fixation when
possible. According to pre-operative and intra-operative
imaging fluoroscopy, acetabular rim is resected or mini-
mally burred to produce a bleeding bone bed for labral
healing. Then the suture anchors are placed to reattach
the labrum. After addressing pathology in the central
compartment, the arthroscope was introduced into the
peripheral compartment for decompression of the cam
deformity by a high-speed burr (Smith & Nephew Amer-
ican). The capsular plication is routinely performed with
approximately 3 to 4 interrupted stitches at the end of the
procedure [25].

Postoperative rehabilitation

All patients followed a well-standardized rehabilitation
protocol under the direct supervision of our physiothera-
pist team as previously described [25]. Rehabilitation
took an average of 4-5 months and was divided into
four phases. Briefly, the first phase comprised isomet-
ric contractions and passive range-of-motion exercises.
The second phase focused on maintaining a regular gait
and restoring a full range of motion. The third phase
was about regaining lower extremity strength as well as
normal functional activities. The final phase focused on
resuming pre-injury higher-level activities.

Statistical analysis

An a priori power analysis was performed to determine
the number of patients required to detect a statistical dif-
ference. Based on the assumption that a mean difference
of 8.3 points in follow-up mHHS between groups is clini-
cally important. The sample size was determined to be 17
patients per group [26], using alpha at 0.05, and beta at
0.2 (80% power). A 1:1 propensity-score match based on
age, gender, body mass index (BMI), Ténnis grade, and
follow-up time was performed to control for potential
confounding variables in the study group and the con-
trol group. The Shapiro—Wilk test was used to examine
the data to determine whether all parametric statistical
assumptions were satisfied. We used a 2-tailed unpaired
Student t-test to compare continuous demographic data
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between the two groups. Nonparametric testing was used
for analysis in cases where parametric statistical assump-
tions were violated. The 2-tailed paired Student t-test was
used to compare pre-and post-operative PROs. The chi-
square test or Fisher exact test was used to compare cat-
egorical variables between the two groups. SPSS version
26 (IBM, Armonk, NY) was used for all statistical analy-
ses. P-values less than 0.05 were considered statistically
significant.

Results

Characteristics of the patients and performed procedures
Both the inclusion and exclusion criteria were met in
151 patients, 135 patients (89%) had a minimum 2-year
follow-up, of which 49 patients had Hyperlipidemia. Pro-
pensity-score matching yielded 42 patients in the study
group and 42 patients in the study group. There were no
significant differences detected in age, sex, BMI, T6nnis
grade, or follow-up time after matching the two groups.
The demographic and radiographic data of all patients
are presented in Table 1.

Overall, all patients had a labral repair, and the majority
of the study population femoral osteoplasty (98.7%), and
acetabular rim trimming (76.8%). There were no signifi-
cant differences in intraoperative variables between the
two groups.

Patient-reported outcomes

Both groups demonstrated significant improvements in
PROs at the final follow-up compared with preoperative
levels. (p<0.001 for all) (Table 2). Besides, there were no
significant differences in preoperative scores, and final
outcome scores, between the two groups (Fig. 1). The

Table 1 Characteristics of the patients

Category Study group Control group P-value
No. of hips 42 42
Age, yr 39.1+£98 394489 0617
BMI, kg/m2 241£30 235+£30 0.356
Sex, n (%) 0.827
Female 20 (47.6) 19 (45.2)
Male 22 (524) 23(54.8)
Follow-up time, m 36.1+32 353436 0.714
Cholesterol 524071 424053 <0.001
Triglyceride 194098 1.1+04 <0.001
LCEA preoperative 355455 354456 0934
LCEA postoperative 292145 296+£5.1 0.728
Alpha preoperative 63.8+9.2 63.7+8.1 0.945
Alpha postoperative 425450 414442 0.273

Bold value indicates statistical significance
Values are given as mean + SD

BMI Body mass index
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Table 2 Outcomes of hip arthroscopic Table 3 Rates of MCID and PASS

Study group Control group P-value Study group Control group P-value
HOS-ADL MCID
Preoperative 72.3£260 7204243 0.949 HOS-ADL 27 (64.3) 31(738) 0513
Postoperative 887116 901113 0.590 HOS-SSS 24(57.1) 25 (59.5) 0.825
P-value (pre-post) <0.001 0.001 iHOT-12 26 (61.9) 26 (61.9) >0.999
HOS-SSS mHHS 29 (69) 33(78.6) 0.321
Preoperative 51.0£285 52.8+£298 0.775 PASS
Postoperative 700+£254 7424248 0452 HOS-ADL 19 (45.2) 22(524) 0.345
P-value (pre-post) <0.001 <0.001 HOS-SSS 18 (42.9) 21 (50.0) 0.512
iHOT-12 iHOT-12 24(57.1) 23 (54.8) 0.826
Preoperative 4534202 4454241 0.868 mHHS 20 (47.6) 24(57.1) 0.382
Postoperative 69.7£22.0 66.8£24.3 0.574 Data are shown as n (%)
P-value (pre-post) <0.001 <0.001 HOS-ADL Hip outcome scored-activities of daily living, HOS-SSS Hip outcome
mHHS score-sport-specific subscale, [HOT-12 International hip outcome tool
Preoperative 5644192 5774177 0.755 12-component form, mHHS modified Harris hip score
Postoperative 7611162 7994118 0225
P-value (pre-post) <0.001 <0.001
VAS Complications and secondary surgery
Preoperative 60+25 63422 0542 There were no significant differences between the groups
Postoperative 30427 31426 0902 concerning complications. During the final follow-up, a
P-value (pre-post) <0.001 <0.001 total of three hips (2.4%) underwent revision hip arthros-

Data are reported as mean & SD

HOS-ADL Hip outcome scored-activities of daily living, HOS-5SS Hip outcome
score-sport-specific subscale, IHOT-12 International hip outcome tool
12-component form, mHHS modified Harris hip score, VAS Visual analog score.
Bold value indicates statistical significance
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Fig. 1 Box plot showing results of patient-reported outcome
scores for the study and control groups. HOS-ADL, Hip Outcome
Scored-Activities of Daily Living; HOS-SSS, Hip Outcome
Score-Sport-Specific Subscale; IHOT-12, International Hip Outcome
Tool 12-component form; mHHS, modified Harris Hip Score

effect size (ES) of postoperative PROs of HOS-ADL,
HOS-SSS, iHOT-12, mHHS were 0.120, 0.168, 0.125,
0.268, respectively. Besides, there were no differences
in the rate of meeting the PASS and MCID between the
study group and the control group (Table 3).

copy. Two patients in the study group had residual cam
deformity and gradual onset of symptoms. One patient
underwent revision due to subspine impingement (SSI).
No patient required conversion to THA in both groups.

Discussion

The main findings of this study were that a majority of
FAIS patients with or without hyperlipidemia can obtain
clinically significant outcomes with the arthroscopic
repair of the labrum followed by a minimum follow-up
of two years. Besides, there were no differences in the
revision rate and the rate of meeting the PASS and MCID
between the study group and the control group.

Labral repair was considered the gold standard
in hip arthroscopy treatment of labral tears. In hip
arthroscopy treatment of labral pathology, two tech-
nical aspects vary greatly between specialists, Labral
debridement or excision has historically been used to
treat acetabular labral tears, which reduces pain for
patients [27]. However, increasing evidence suggests
that labral repair or refixation restores the suction seal
of the normal labrum, reduces femoral head transla-
tion, and reduces acetabular contact stress [28]. There
is rapidly growing basic science evidence in support of
capsular repair to restore more normal hip biomechan-
ics after surgery [29, 30]. A randomized controlled trial
revealed that arthroscopic treatment of FAIS with labral
repair in female patients resulted in superior improve-
ment in hip functional outcomes compared with labral
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debridement [31]. A recent systematic review also
showed that when comparing labral repair with labral
debridement, labral repair renders a reduced risk of
reoperation [32].

Impaired lipid metabolism has been recognized as an
important factor in OA development [33]. A high-fat
diet is an aggravating factor worsening synovial mem-
brane inflammation during OA [34]. Several studies
suggested that cholesterol triggered degenerative pro-
cesses in the cartilage by altered cholesterol homeo-
stasis in the chondrocytes. The expression of genes
regulating cholesterol efflux in human OA chondro-
cytes is impaired, causing lipid droplets to accumulate
toxically [19, 35]. Studies also have demonstrated an
association between OA pathogenesis and SREBP-2, a
gene important in cholesterol homeostasis [20]. Though
the peripheral aspect of the acetabular labrum consists
of dense connective tissue, the internal layer consists
of type II collagen-positive fibrocartilage, especially on
the articular surface, there is a layer of collagen fibrils
beneath the superficial thin fibrils. Lipid toxically may
influence the chondrocytes of the labrum, thus affect-
ing the healing of the labral.

Previous studies had confirmed there is an asso-
ciation between hyperlipidemia and osteochondral
lesions. Frey et.al observed an increased risk of osteo-
arthritis of the hand (HOA) in patients with hyperlipi-
daemia (OR 1.37). Though most HOA patients were
elderly. Furthermore, they observed higher relative
risk in younger patients, with the highest OR of 1.72 in
patients aged 29-49 years[36]. Davies et.al found cho-
lesterol (OR 1.84) and triglycerides (OR 8.4) are associ-
ated with the development of new bone marrow lesions
in asymptomatic middle-aged women. They postulated
that reducing serum lipids may have a role in reduc-
ing the burden of knee OA [37]. Pan et.al reported that
hypertriglyceridemia (relative risk ratio: 1.75) and low
HDL (relative risk ratio: 1.67) were associated with
moderate pain in OA patients [38]. However, this study
showed that patients with hyperlipidemia can expect to
experience similar good short-term patients-reported
outcomes. Long-term follow-up studies are needed to
confirm the results.

This study has certain limitations. First, because the
study group only included patients who had FAIS surgery,
the results may not apply to an average FAIS patient. Sec-
ond, because this was a retrospective study, there was an
inherent bias. Despite propensity-score matching being
used to control for potential confounding variables, addi-
tional confounding variables could have influenced our
results. Third, imaging to follow up is needed to assess
the quality of labral healing in two groups.
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Conclusion

This study demonstrated that FAIS patients with hyper-
lipidemia can expect to experience similar good short-
term patients-reported outcomes as compared with
patients without hyperlipidemia.
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