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Background: The overlapping biomechanical relationship between the lumbosacral spine and pelvis poses unique challenges to
patients with concomitant pathologies limiting spinopelvic range of motion.

Purpose: To assess the influence of concomitant, symptomatic lumbosacral spine pathology on patient-reported outcome meas-
ures (PROMs) after hip arthroscopy for the treatment of femoroacetabular impingement (FAI) and symptomatic labral tears.

Study Design: Cohort study; Level of evidence, 3.

Methods: A retrospective query of prospectively collected data identified patients aged >18 years with a minimum 24-month
follow-up who underwent hip arthroscopy by a single surgeon for the treatment of symptomatic labral tears secondary to FAI.
Patients were stratified into cohorts based on the presence (hip-spine [HS]) or absence (matched control [MC]) of symptomatic
lumbosacral spine pathology. Inclusion within the HS cohort required confirmation of lower back pain/symptoms on preoperative
surveys plus a diagnosis of lumbosacral spine pathology verified by radiology reports and correlating clinical documentation.
Patients with previous spine surgery were excluded. PROMs were compared between groups, along with rates of achieving min-
imal clinically important difference (MCID) thresholds, Patient Acceptable Symptom State (PASS) thresholds, revision arthros-
copy, and conversion to total hip arthroplasty (THA).

Results: A total of 70 patients with lumbosacral pathology were coarsened exact matched to 87 control patients without spinal
pathology. The HS cohort had preoperative baseline scores that were significantly worse for nearly all PROMs. Follow-ups at 3, 6,
12, and 24 months displayed similar trends, with the HS cohort demonstrating significantly worse scores for most collected out-
comes. However, at every time point, HS and MC patients exhibited similar magnitudes of improvement across all PROM and
pain metrics. Furthermore, while significantly fewer HS patients achieved PASS for nearly all PROMs at 12- and 24-month
follow-ups, MCID thresholds were reached at similar or greater rates across all PROMs relative to the MC cohort. Finally, there
were no significant differences in rates of revision or THA between cohorts at maximum available follow-up.

Conclusion: After hip arthroscopy to address labral tears in the setting of FAI, patients with symptomatic lumbosacral patholo-
gies and no history of spine surgery were found to exhibit inferior pre- and postoperative PROMs but achieved statistically similar
clinical benefit and rates of PROM improvement through 24-month follow-up compared with the MC cohort with isolated hip dis-
ease. These findings aid in providing a realistic recovery timeline and evidence that coexisting hip and spine disorders are not
a contraindication for arthroscopic hip preservation surgery.

Keywords: hip-spine syndrome; femoroacetabular impingement; hip arthroscopy; lumbosacral spine disease
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deleterious effect of cam and pincer lesions on the labrum,
chondrolabral junction, and articular cartilage may subse-
quently interfere with activities of daily living and warrant
the need for early conversion to total hip arthroplasty
(THA).??2 Numerous studies have highlighted the benefits
of arthroscopic labral repair with femoroacetabular osteo-
plasties in improving hip symptoms and providing favor-
able long-term outcomes.>* However, for a subset of
patients with concomitant lumbosacral spine disease and
overlapping hip symptomatology, surgeons may be chal-
lenged in isolating the predominant cause of pain and iden-
tifying appropriate surgical candidates.®°

Hip-spine (HS) syndrome was originally described by Off-
ierski and MacNab?® in reference to concurrent hip osteoar-
thritis and lumbar spine degenerative disease commonly
seen in the elderly population. However, since that time,
investigations into the biomechanical relationship between
the lumbar spine, pelvis, and hip have revealed that altera-
tions in spinopelvic motion may have negative implications
for younger patients with limited evidence of osteoarthritis.>
Secondary HS syndrome can affect any age demographic and
largely stems from the tandem of compensatory stresses from
either structure that exacerbates symptoms in the other.’® In
the early stages of FAI, studies indicate that lumbosacral
mobility may be crucial to maintain sagittal balance and
counteract the restricted range of motion (ROM) through
the hip.!3235° However, over time, compensatory variations
in lumbar lordosis, pelvic incidence, pelvic tilt, and sacral
slope can accelerate arthrosis in facet joints, leading to lower
back pain, stiffness, and possible lumbar stenosis. >0 Ulti-
mately, loss of spinopelvic mobility may exacerbate hip-
specific symptoms in patients with FAI, as activities requir-
ing high degrees of hip flexion (eg, sitting, squatting) inher-
ently perpetuate mechanical injury to the chondrolabral
complex. 315

The link between spinopelvic mobility and pelvic sagit-
tal alignment has been well-documented in THA litera-
ture, where extremes of pelvic alignment, lumbar
disease, previous fusion surgery, and stiffness have been
associated with impingement, dislocation, early failure,
and need for revision surgery.!132326 While a thorough
preoperative workup and optimal implant selection/posi-
tioning may mitigate adverse events after THA, literature
reporting outcomes in the setting of hip preservation
remains limited.*%1%1826 The true incidence of secondary
HS syndrome in patients with limited hip arthritis has
yet to be determined; however, studies suggest that the
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prevalence of low back pain may be as high as 60% in
the setting of FAL” As such, there is a clinical need to fur-
ther assess the effect of coexisting lumbosacral spine pathol-
ogy for patients seeking surgical treatment for FAI. Three
recent systematic reviews have largely surmised that
patients with FAI who have lumbosacral pathologies experi-
ence improved but inferior outcomes after hip arthroscopy
compared with controls without concomitant spinal condi-
tions.1%?% However, secondary analyses continue to be lim-
ited given the paucity of available studies that use
heterogeneous patient populations, variable outcome met-
rics, and short lengths of follow-up.1:415:25:43

The purpose of this present study was to conduct
a matched, case-control analysis to assess the influence of
symptomatic lumbosacral pathology on hip arthroscopy out-
comes for patients with FAI and symptomatic labral tears.
Borrowing from available literature, we hypothesized that
preexisting lumbosacral spine pathology would adversely
affect patient-reported outcome measures (PROMs), rates
of achieving clinically significant postoperative outcome
thresholds (eg, minimal clinically important difference
[MCID] and Patient Acceptable Symptom State [PASS]),
need for revision arthroscopy, and conversion to THA.

METHODS

Study Population

During the study period, the senior author’s (S.D.M.) stan-
dardized, preoperative evaluation for patients presenting
to clinic with hip pain consisted of hip and pelvis radio-
graphs (ie, anteroposterior pelvic and Dunn lateral views)
and a physical examination with provocation testing of the
labrum and assessment for impingement-related symp-
toms (eg, pain and/or limited ROM with flexion, adduction,
and internal rotation or flexion, abduction, and external
rotation).'”33 Patients with positive clinical and radio-
graphic findings underwent magnetic resonance arthrog-
raphy to evaluate for labral pathologies coupled with
a diagnostic and therapeutic intra-articular hip joint injec-
tion (eg, combined local anesthetic with a low-dose cortico-
steroid).?” Finally, all patients trialed nonoperative
management, including formal physical therapy, for a min-
imum of 3 months. Patients who had unsuccessful nonop-
erative management and consented to undergo hip
arthroscopy were offered enrollment in this study.*' This
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study was approved by our institutional review board (No.
2019P002191/No. 2013P001442).

Study Design

Data were prospectively collected for enrolled patients
undergoing hip arthroscopy by a single, fellowship-trained
surgeon (S.D.M.) and retrospectively reviewed. Patient
inclusion criteria consisted of the following: (1) age >18
years; (2) primary hip arthroscopy for the treatment of
symptomatic labral tears secondary to FAI between May
2014 and December 2020; (3) complete preoperative, base-
line PROMs; and (4) follow-up PROMs for >1 time point at
>24 months (ie, 24 months, 3 years, and/or 5 years) postop-
eratively. Exclusion criteria consisted of labral debride-
ment, previous surgery on the ipsilateral hip/leg,
previous spine surgery (eg, decompression laminectomy/
discectomy, kyphoplasty, fusion), radiographic evidence of
hip dysplasia (lateral center-edge angle [LCEA] <20°),
advanced hip osteoarthritis (eg, Tonnis grade >1), and/or
previous hip conditions (eg, fracture, inflammatory arthro-
pathies, Legg-Calve-Perthes disease, slipped capital femo-
ral epiphysis, avascular necrosis).

A review of our institution’s electronic medical record
(EMR) and prospectively collected data allowed for patients
to be stratified into cohorts based on the presence or absence
of concomitant symptomatic lumbosacral spinal pathology
(ie, HS cohort vs matched control [MC] cohort). Placement
into the HS cohort required (1) confirmation of lower back
pain/symptoms on preoperative baseline survey question-
naires, (2) preoperative imaging with a pathologic lumbosa-
cral spine diagnosis confirmed by the radiologist, and (3)
correlating clinical documentation by the physician who
either ordered imaging or initially worked up the patient
for lower back symptoms.'® Conversely, patients were placed
in the MC cohort based on (1) denial of lower back pain/symp-
toms on preoperative, baseline survey questionnaires prior to
hip arthroscopy and (2) no clinical documentation or imaging
corroborating the diagnosis of a back condition. Importantly,
patients in both cohorts denied receipt of spine surgery
involving any level preoperatively, and the EMR was also
queried to verify the absence of any documented spine inter-
ventions. When possible, discrepancies in patient survey
responses were reconciled if sufficient EMR documentation
was available following verification/agreement by 2 authors
(S.D.M. and N.J.C.). Eligible patients in the HS cohort
were matched to patients in the MC cohort using coarsened
exact matching (CEM) with bins defined on the basis of age
<34, >34 to <50, or >50 years; male or female sex; and
body mass index (BMI) of <24, >24 to <30, or >30. CEM
was employed over other matching techniques based on pre-
vious literature citing its ability to reduce imbalance within
observational data when a few strong confounders must be
controlled. 162044

Abbreviated Surgical Technique

After the administration of general anesthesia, all patients
were positioned supine on a hip distraction table with
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a gel-padded perineal post. Intra-articular access was facil-
itated via a puncture capsulotomy technique to avoid bio-
mechanical disruption of the iliofemoral ligament and
zona orbicularis. Under fluoroscopic guidance, the antero-
lateral portal was first established using intra-articular
fluid distention.?%2* Next, under direct arthroscopic visu-
alization, anterior and midanterior portals were estab-
lished, followed by a Dienst portal (placed one-third the
distance between the anterior superior iliac spine and
the anterolateral portal).!® A thorough diagnostic survey
was performed to assess the extent of damage to the
labrum, chondrolabral junction, and cartilage surfaces.
As previously published, the senior surgeon’s (S.D.M.)
hip arthroscopy technique includes sparing use of intermit-
tent traction, pulsed intra-articular lavage to maintain
ambient intra-articular temperatures, and an emphasis
on chondrolabral junction preservation.3!-36:38:47.49

As clinically indicated, acetabular recession and aceta-
buloplasty were carried out to address underlying pincer
deformities without violating the chondrolabral junction.*?
For labral lesions, repair was performed if adequate,
healthy tissue was amenable to suture anchor fixation.
Conversely, labral reconstruction was employed via a pub-
lished capsular augmentation technique if the labrum was
found to be irreparable (eg, tissue insufficiency, advanced
degeneration, complex tears).2%3%38 Of note, within the
study period, the senior surgeon transitioned from the
use of microfracture to a standardized method of bone mar-
row aspirate concentrate (BMAC) augmentation to address
full-thickness chondral flaps, focal Outerbridge grade >2
lesions, and/or chondrolabral junction breakdown.?®2 As
such, operative notes were queried to ascertain which
patients received microfracture versus BMAC augmenta-
tion. Importantly, no other substantial changes or varia-
tions in surgical technique were applied by the senior
author within the study period. After addressing pincer
impingement, labral defects, and full-thickness chondral
lesions, traction was released to ensure restoration of the
hip suction seal and confirm an in-round labral repair.*’
As appropriate, osseous cam deformities were resected
via femoroplasty while the hip was flexed to approximately
45°, Last, a dynamic ROM examination ensured the ade-
quacy of femoroacetabular decompression and was fol-
lowed by the closure of all incisions.

Postoperative Rehabilitation

Postoperatively, all patients were subjected to the same
patient-guided rehabilitation program and prescribed daily
deep vein thrombosis prophylaxis (aspirin, 81 mg) for 3
weeks. Patients were permitted immediate weightbearing
as tolerated using a flat-foot gait with crutches. At 6 weeks
postoperatively, patients began the use of a stationary bicy-
cle with minimal resistance. At 10 weeks, clearance was
given to use an elliptical trainer on low resistance or swim-
ming (* buoy board) while avoiding intense flutter kicks. At
4 months, patients resumed light strengthening exercises,
including short arc leg presses and hamstring curls. Finally,
at 6 months postoperatively, patients were permitted to
resume impact-loading activities as tolerated.>®
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Total patients prospectively enrolled in study measuring functional

outcomes following hip arthroscopy (May 2014 to December 2022) = 349

Patients who underwent surgery after December 2020 (i.e.,
NOT eligible for minimum 24-month follow-up) = 105

Patients who underwent surgery between May 2014 and December 2020

(i.e., eligible for minimum 24-month follow-up) = 244

> 2: previous spine surgery

(Patients without 24-month follow-up = 62

10: Unenrolled prior to 24-month follow-up
39: Incomplete (<24-month follow-up scores)
\__13: Missing baseline PROM scores Y,

/Patients meeting exclusion criteria = 14 \
0: prior hip conditions
1: previous ipsilateral hip surgery

3: hip dysplasia (LCEa < 20°)
3: advanced hip osteoarthritis (Tonnis > 1)
U underwent labral debridement /

Eligible patients with baseline scores
and minimum 2-year follow-up = 168

Subjective assessment of pre-operative low back pain/symptoms via
baseline survey question: “Do you have low back pain? (Yes or No)”

NO: Patients denying low back
pain/symptoms = 92

Excluded due to lack of
imaging/clinical documentation
confirming lumbosacral spine
pathology =7

YES: Patients confirming low back
pain/symptoms = 76

Discrepancies between survey
responses and available EMR
documentation reconciled with
agreement by two authors =3

Patients with no clinical
documentation or imaging
corroborating the diagnosis of a back

Patients with pre-operative imaging
corroborating a lumbosacral spine
pathology confirmed by a radiologist

condition = 89

and clinical documentation

Unamendable to CEM =2 ]

confirming a symptomatic
lumbosacral spine pathology = 72

Matched-control (MC) cohort with

[ Unamendable to CEM =2

minimum 24-month follow-up = 87

Hip-Spine (HS) Cohort with

minimum 24-month follow-up= 70

Figure 1. Flowchart detailing eligibility/selection criteria of patients with minimum 24-month follow-up. PROM, patient-reported
outcome metric; LCEa, lateral center edge angle; CEM, coarsened-exact matching.

Data Collection and Functional Outcome Evaluation

Demographic and descriptive data were collected preoper-
atively, including age, sex, laterality, BMI, LCEA, T6nnis
angle, a angle, type of FAI, and radiographic Tonnis classi-
fication. Intraoperative variables of interest included
arthroscopic procedures performed, presence of full-
thickness chondral lesions/flap, and degree of injury to
the labrum/chondrolabral junction based on validated clas-
sification scales.?>3°

Survey questionnaires were distributed to patients
before surgery (baseline); postoperatively at 3, 6, and 12
months; and annually thereafter. Hip-specific PROMs
included modified Harris Hip Score (mHHS), Hip Outcome
Score—Activities of Daily Living (HOS-ADL), Hip Outcome
Score—Sports Subscale (HOS-SS), Non-Arthritic Hip Score
(NAHS), and the International Hip Outcome Tool-33

(iHOT-33). Pain symptoms were tracked over the study
period using a standard visual analog scale (VAS). Clini-
cally meaningful outcomes were assessed by calculating
the percentage of patients who achieved threshold PROM
scores for MCID and PASS, as defined by Nwachukwu
et al®” and Rosinsky et al.*® Finally, patient satisfaction,
rates of revision hip arthroscopy, and the incidence of con-
version to THA were also tracked via survey responses and
review of the EMR.

A Priori Power Analysis and Statistical Analysis

Based on previous research evaluating the association
between low back pain and hip function after hip arthros-
copy, an a priori power analysis was performed using an
estimated standard deviation in iHOT-33 scores of 17.7
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TABLE 1
Patient Characteristics by Cohort®

Characteristic HS Cohort (n = 70) MC Cohort (n = 87) P Value
Age, mean (95% CI), y 39.4 (37.1-41.7) 35.8 (33.2-38.4) .051
Sex .391

Male 33 (47.1) 47 (54.0)

Female 37 (52.9) 40 (46.0)
BMI, mean (95% CI) 26.1 (25.2-27.0) 25.1 (24.2-25.9) .116
Laterality 541

Left 34 (48.6) 38 (43.7)

Right 36 (51.4) 49 (56.3)
a Angle, mean (95% CI), deg 52.2 (48.9-55.5) 55.2 (51.7-58.6) 235
LCEA, mean (95% CI), deg 37.0 (35.6-38.5) 37.2 (36.1-38.2) .894
Tonnis angle, mean (95% CI), deg 6.7 (5.6-7.9) 5.9 (4.7-7.1) .338
Tonnis grade 915

0 36 (51.4) 44 (50.6)

1 34 (48.6) 43 (49.4)
Type of FAI .342

Pincer deformity 41 (58.6) 42 (48.3)

Cam deformity 1(1.4) 4 (5.6)

Cam and pincer 28 (40.0) 41 (47.1)
Lumbar spine pathology

Degenerative disk disease/spondylosis 32 (45.7) —

Degenerative scoliosis 8 (11.4) —

Lumbar disc herniation 12 (17.1) —

Foraminal stenosis 12 (17.1) —

Spondylolysis 2 (2.8) —

Spondylolisthesis 4 (5.7) —

“Values are presented as number (%) unless otherwise indicated. BMI, body mass index; FAI, femoroacetabular impingement; HS, hip-
spine; LCEA, lateral center-edge angle; MC, matched control. Dashes indicate not applicable.

TABLE 2
Total and Maximum Available Patient Follow-up at Each Time Point®

Hip-Spine Cohort (n = 70) Matched Control Cohort (n = 87) Total Study Sample (N = 157)

Maximum Available
Follow-up for

Maximum Available
Follow-up for

Maximum Available

Total Available Follow-up for

Total Available Total Available

Time Point Follow-up Each Patient Follow-up Each Patient Follow-up Each Patient
Baseline 70 (100) — 87 (100) — 157 (100) —

24 Months 66 (94.3) 30 (42.9) 77 (88.5) 38 (43.7) 143 (91.1) 68 (43.3)
3 Years 28 (40.0) 19 (27.1) 31 (35.6) 18 (20.7) 59 (37.6) 37 (23.6)
5 Years 21 (30.0) 21 (30.0) 31 (35.6) 31 (35.6) 52 (33.1) 52 (33.1)
Total 70 (100) 87 (100) 157 (100)

“Values are presented as number (%) of patients. Dashes indicate not applicable.

and the corresponding 5-year MCID threshold value of
15.1.537 In total, 21 and 25 patients were needed in the
HS and MC cohorts, respectively, to achieve 80% power.
After CEM, Shapiro-Wilk tests and F tests were per-
formed to determine if continuous data followed normal
distributions and demonstrated equal variances, respec-
tively. Categorical variables were analyzed with chi-square
or Fisher exact tests, as appropriate. Continuous variables
collected at a single time point (eg, age) were compared
using 2-tailed independent ¢ tests, while those collected
longitudinally (ie, improvement in PROMs/pain scores)
were assessed using linear mixed-effects models.? The lat-
ter provides greater statistical power by linking

observations for each participant, accounting for variabil-
ity between patients, and incorporating all available data
rather than excluding participants missing a single
follow-up time point, as would be the case in a ¢ test.*>®
Each regression clustered observations at the patient level,
modeled time, the presence of symptomatic lumbosacral
spine pathology, and their interaction as fixed effects;
and included random by-participant intercepts. Time was
modeled as a continuous variable to compute weighted
mean differences in the improvement of outcome scores
across the 24-month study period or as a categorical vari-
able to compare PROMs at discrete time points. Last, a sub-
group analysis including HS,,;, and MCg,, patients with
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TABLE 3
Intraoperative Findings and Procedures Performed by Cohort®
Characteristic HS Cohort (n = 70) MC Cohort (n = 87) P
Labral condition .561
Normal 0 (0) 0 (0)
Degeneration 18 (25.7) 29 (33.3)
Full-thickness tear 36 (51.4) 41 (47.1)
Detachment 15 (21.4) 17 (19.5)
Ossification 1(1.4) 0 (0)
Outerbridge grade .879
0 0 (0) 0 (0)
1 3 (4.3) 4 (4.6)
2 18 (25.7) 25 (28.7)
3 36 (51.4) 46 (52.9)
4 13 (18.6) 12 (18.7)
Chondrolabral junction 218
Normal 3(4.3) 2(2.3)
Malacia 4(5.7) 4 (4.6)
Debonding 11 (15.7) 7(8.0)
Cleavage 31 (44.3) 54 (62.2)
Defect 21 (30.0) 20 (23.0)
Chondral flap 22 (31.4) 30 (34.5) .686
Chondral treatment .267
None 31 (44.3) 30 (34.5)
BMAC augmentation 39 (55.7) 55 (63.2)
Microfracture 0 (0) 2(2.3)
Labral management .322
Repair alone 8 (11.4) 6 (6.9)
Reconstruction with capsular augmentation 62 (86.6) 81 (93.1)
Osteoplasty performed .342
Acetabuloplasty 41 (58.6) 42 (48.3)
Femoroplasty 1(1.4) 4 (4.6)
Femoroacetabular osteoplasty 28 (40.0) 41 (47.1)

“Values are presented as number (%) of patients. BMAC, bone marrow aspirate concentrate; HS, hip-spine; MC, matched control.

a minimum 3-year follow-up was performed to preliminar-
ily compare midterm outcomes at 3 and 5 years. Parameter
estimates and descriptive statistics for continuous varia-
bles are presented with 95% CIs, with the MC cohort trea-
ted as the reference group (if applicable). Frequency
statistics are reported for all noncontinuous variables. A
P value <.05 was considered statistically significant. Sta-
tistical analyses were performed using R Version 4.2.1 (R
Foundation for Statistical Computing).

RESULTS
Patient Characteristics

Of the 349 patients prospectively enrolled in this study,
244 underwent primary hip arthroscopy for the treatment
of symptomatic labral tears secondary to FAI between May
2014 and December 2020. After applying eligibility criteria
and performing CEM, 157 (64%) of these 244 patients were
included and are the basis of this report. A total of 70
patients were allocated to the HS cohort and 87 to the
MC cohort (Figure 1). No significant differences in patient
characteristics were identified between HS and MC
cohorts, including sex (53% vs 46% female; P = .391) or

BMI (mean [95% CI], 26.1 [25.2-27.0] vs 25.1 [24.2-25.9];
P = .116), however, a trend toward a significant difference
was noted in age (39.4 [37.1-41.7] vs 35.8 [33.2-38.4]; P =
.051). Additional demographic and preoperative variables
are listed in Table 1. For the HS cohort, a review of clinical
documentation plus pertinent lumbosacral imaging (ie,
radiographs, magnetic resonance, and/or computed tomog-
raphy imaging) allowed for the classification of lower back
pathologies (Table 1). The mean (95% CI) lengths of follow-
up were 38.2 (34.9-41.6) and 39.2 (36.1-42.4) months for
the HS and MC cohorts, respectively, and 38.8 (36.6-41.1)
months for all patients (N = 157) included in the primary
analysis (Table 2).

Intraoperative Parameters

Intraoperative findings between groups were not signifi-
cantly different with regard to labral condition (P = .561),
focal femoral/acetabular chondral defect severity (eg, Outer-
bridge grade) (P = .879), chondrolabral junction breakdown
(P =.218), and presence of chondral flaps (P = .686). Further-
more, the arthroscopic procedures performed had similar dis-
tributions between groups in terms of chondral injury
treatment (microfracture vs BMAC vs none; P = .267), labral
management (repair vs capsular autograft reconstruction;
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TABLE 4
Mean PROM/Pain Scores and Interval Improvements at Baseline Through 24-Month Follow-up®
HS Cohort (n = 70) MC Cohort (n = 87) Significance
Characteristic Mean Improvementb Mean Improvementb Pocan Pinprovement
Preoperative
mHHS 59.2 (56.1 to 62.3) — 64.2 (61.4 to 67.0) — .020¢ —
HOS-ADL 70.1 (67.0 to 73.1) — 73.3 (70.6 to 76.1) — 119 —
HOS-SS 38.6 (32.7 to 44.4) — 45.6 (40.3 to 50.8) — .080 —
NAHS 60.2 (57.1 to 63.3) — 69.0 (66.3 to 71.8) — <.001°¢ —
iHOT-33 35.5 (31.1 to 39.9) — 45.7 (41.7 to 49.6) — <.001°¢ —
VAS 5.8 (5.4 to 6.3) — 4.5 (4.1 to 5.0) — <.001°¢ —
3 Months
mHHS 72.0 (68.7 to 75.4) 13.0 (9.0 to 17.0) 80.8 (77.9 to 83.7) 16.5 (12.9 to 20.0) <.001¢ .207
HOS-ADL 78.9 (75.6 to 82.1) 8.8 (4.4 to 13.2) 83.6 (80.7 to 86.5) 10.2 (6.3 to 14.2) .033¢ .632
HOS-SS 43.1 (36.9 to 49.3) 4.8 (-2.3 to 12.0) 42.9 (37.3 to 48.5) -2.5 (-9.0 to 3.9) 971 134
NAHS 73.6 (70.4 to 76.9) 13.7 (9.5 to 17.8) 78.8 (75.9 to 81.7) 9.8 (6.1 to 13.6) .020¢ .184
iHOT-33 57.1 (52.5 to 61.8) 22.0 (16.2 to 27.7) 64.1 (59.9 to 68.2) 19.1 (14.0 to 24.2) .031°¢ 461
VAS 3.2 (2.7 to 3.7) —2.9(-3.6 to —2.2) 1.8 (1.3 to 2.2) —2.8(-34to —2.1) <.001°¢ .833
6 Months
mHHS 77.3 (74.0 to 80.6) 18.1 (14.1 to 22.0) 83.3 (80.3 to 86.3) 18.9 (15.4 to 22.5) .008° 752
HOS-ADL 83.5 (80.2 to 86.7) 13.3 (8.9 to 17.7) 88.2 (85.3 to 91.1) 15.0 (11.1 to 19.0) .033°¢ .561
HOS-SS 59.9 (53.8 to 66.1) 21.5 (14.4 to 28.7) 65.2 (59.7 to 70.7) 19.8 (13.4 to 26.2) 212 714
NAHS 80.3 (77.1 to 83.6) 20.2 (16.0 to 24.4) 85.8 (82.9 to 88.7) 16.9 (13.1 to 20.6) .014°¢ .246
iHOT-33 64.9 (60.2 to 69.6) 29.5 (23.8 to 35.2) 73.7 (69.5 to 77.9) 28.8 (23.6 to 33.9) .006° .860
VAS 3.0 (2.5 to 3.5) —2.9(—-3.6 to —2.2) 1.6 (1.1 to 2.1) —2.9 (-3.5to —2.3) <.001°¢ .938
12 Months
mHHS 83.9 (80.7 to 87.1) 24.5 (20.6 to 28.4) 88.8 (85.8 to 91.7) 24.3 (20.7 to 27.8) .030° .933
HOS-ADL 87.0 (83.9 to 90.2) 16.7 (12.4 to 21.0) 92.6 (89.8 to 95.5) 19.3 (15.4 to 23.2) .010° .378
HOS-SS 68.2 (62.3 to 74.2) 29.5 (22.5 to 36.5) 77.6 (72.1 to 83.1) 32.0 (25.6 to 38.4) .025°¢ .603
NAHS 84.2 (81.1 to 87.4) 23.9 (19.8 to 28.0) 89.8 (86.9 to 92.7) 20.8 (17.0 to 24.5) .011¢ 273
iHOT-33 70.6 (66.0 to 75.1) 34.9 (29.2 to 40.5) 79.8 (75.6 to 83.9) 34.7 (29.5 to 39.8) .004°¢ .960
VAS 2.4 (1.9 to 2.9) —-3.4 (—4.1to —2.7) 1.6 (1.2 to 2.1) —2.9 (—3.5to —2.2) .027¢ .261
24 Months
mHHS 83.5 (80.3 to 86.7) 24.4 (20.5 to 28.3) 88.0 (85.1 to 91.0) 23.6 (20.1 to 27.1) .041°¢ .768
HOS-ADL 87.4 (84.2 to 90.5) 17.4 (13.1 to 21.7) 93.0 (90.1 to 95.8) 19.6 (15.7 to 23.6) .010° 448
HOS-SS 74.5 (68.6 to 80.5) 36.1 (29.1 to 43.0) 80.2 (74.7 to 85.6) 34.6 (28.2 to 40.9) 170 754
NAHS 84.4 (81.3 to 87.5) 24.3 (20.2 to 28.4) 90.8 (87.9 to 93.7) 21.6 (17.9 to 25.4) .003¢ .354
iHOT-33 71.6 (67.1 to 76.1) 36.3 (30.7 to 41.9) 80.9 (76.7 to 85.0) 35.9 (30.8 to 41.0) .003° 910
VAS 2.5 (2.0 to 3.0) —3.4(—4.1to —2.8) 1.7 (1.3 to 2.1) —2.9 (=3.5to —2.3) .017¢ .268

“Patient-reported outcome scores and interval improvements are reported as mean (95% CI). HOS-ADL, Hip Outcome Score—Activities of
Daily Living; HOS-SS, Hip Outcome Score—Sports Subscale; HS, hip-spine; iHOT-33, International Hip Outcome Tool-33; MC, matched con-
trol; mHHS, modified Harris Hip Score; NAHS, Non-Arthritic Hip Score; PROM, patient-reported outcome measure; VAS, visual analog
scale. Dashes indicate not applicable.

®Mean improvement at each time point reported relative to preoperative, baseline score.

A significant difference between groups.

P = .322), and osteoplasty type (femoroplasty vs acetabulo-
plasty vs both; P = .342) (Table 3).

Patient-Reported Outcome Scores

When comparing mean PROM and VAS pain scores
between groups, patients in the HS cohort displayed signif-
icantly worse mean preoperative scores for nearly all out-
comes (Table 4). These differences persisted at all follow-
ups through 24 months, as the HS cohort demonstrated
inferior PROM and VAS pain scores for nearly all collected
outcomes, with the exception of the HOS-SS at 3, 6, and 24
months (Table 4). However, when using linear mixed-

effects models incorporating time as a categorical variable,
HS and MC patients exhibited statistically similar magni-
tudes of improvement in all functional and pain metrics
from baseline to 24 months (Table 5).

Rates of Achieving Clinically Meaningful Outcomes

When assessing clinically meaningful outcomes, no signif-
icant differences were observed between the HS and MC
cohorts in terms of the proportion of patients achieving
MCID thresholds for mHHS, HOS-ADL, HOS-SS, or
iHOT-33 at 12- or 24-month follow-up. The only exception
to this trend was a significantly greater percentage of HS
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TABLE 5
Weighted Differences in Interval PROM/Pain Score Improvement Between Patients With (Hip-Spine) and Without
(Matched Control) Hip-Spine Syndrome From Baseline Through 24-Month Follow-up®

PROM Weighted Difference in Mean Improvement (95% CI) P

mHHS —2.5 (-7.7 to 2.7) .339
HOS-ADL -1.5 (-7.3 to 4.3) .609
HOS-SS 4.6 (—4.8 to 14.0) .336
NAHS 4.0 (1.6 t0 9.6) 161
iHOT-33 2.0 (-5.5 t0 9.5) .601
VAS 0.0 (0.9 to 0.9) 981

“Weighted differences in improvements are reported as mean (95% CI). HOS-ADL, Hip Outcome Score—Activities of Daily Living; HOS-
SS, Hip Outcome Score—Sports Subscale; iHOT-33, International Hip Outcome Tool-33; mHHS, modified Harris Hip Score; NAHS, Non-
Arthritic Hip Score; PROM, patient-reported outcome measure; VAS, visual analog scale.

bReference group: matched control cohort.

TABLE 6
Frequency of HS and MC Patients Achieving MCID and PASS Thresholds®
MCID PASS
HS Cohort MC Cohort HS Cohort MC Cohort
Threshold % Achieved % Achieved P Threshold % Achieved % Achieved P
12 Months n = 65 n="76 n =65 n="176
mHHS A >6.9 87.7 81.3 .303 >84.8 44.6 61.3 .048°
HOS-ADL A >8.8 67.7 68.4 926 >89.7 49.2 81.6 <.001°
HOS-SS A >13.9 78.5 73.3 .480 >T72.2 47.7 68.0 .015°
NAHS A>9.1 83.1 67.1 .030° >81.9 64.6 86.8 .002°
iHOT-33 A >15.1 75.0 75.0 999 >69.1 54.7 80.3 .001°
24 Months n = 66 n="77 n = 66 n="77
mHHS A >9.2 84.9 83.1 779 >83.3 59.1 75.3 .038°
HOS-ADL A >9.7 62.1 68.8 .399 >88.2 65.2 81.8 .023%
HOS-SS A >14.3 78.8 77.9 900 >76.4 59.1 68.8 225
NAHS A >83 83.3 80.5 .664 >85.6 60.6 80.5 .009°
iHOT-33 A >13.9 80.3 84.4 519 >T72.2 54.6 72.7 .024°

“HOS-ADL, Hip Outcome Score—Activities of Daily Living; HOS-SS, Hip Outcome Score—Sports Subscale; HS, hip-spine; iHOT-33, Inter-
national Hip Outcome Tool-33; MC, matched control; MCID, minimal clinically important difference; mHHS, modified Harris Hip Score;
NAHS, Non-Arthritic Hip Score; PASS, Patient Acceptable Symptom State.

®A significant difference between groups.

patients achieved MCID compared with the MC cohort on
the basis of the NAHS (HS: 83.1% vs MC: 67.1%; P = .030)
at 12 months; however, this difference did not persist at 24-
month follow-up (HS: 83.3% vs MC: 80.5%; P = .664) (Table
6). For PASS analysis, at 12-month follow-up, significantly
fewer patients in the HS cohort achieved the clinical
threshold relative to MC patients across all collected
PROMs. At 24-month follow-up, this pattern largely con-
tinued for all PROMs with the exception of the HOS-SS
(59.1% vs 68.8%; P = .225) (Table 6).>"*?

Subgroup Analysis: Minimum 3-Year Follow-up

A total of 89 patients with a minimum 3-year follow-up
were included in a subgroup analysis (HS.,, n = 40;
MCgup, n = 49) (see Appendix Figure Al, available in the
online version of this article). The mean (95% CI) length

of follow-up was 48.1 (44.6-51.7) and 50.2 (47.1-53.3)
months for the HS.; and MCg,, cohorts, respectively,
and 49.3 (46.9, 51.6) months for the entire subgroup. No
significant differences were identified between cohorts in
patient demographic/preoperative characteristics, intrao-
perative findings, or arthroscopic procedures performed
(Appendix Tables Al and A2, available online).
Discrepancies in mean PROM and VAS pain scores
between cohorts nominally diminished over longer follow-
up. Specifically, by 3-year follow-up (HSy,p, n = 40; MCygyp,
n = 49; 100% of the subgroup), no significant differences
were observed in mean (95% CI) HOS-ADL (88.3 [83.8-
92.8] vs 91.0 [86.9-95.2]; Prean = .384), HOS-SS (75.3
[66.3-84.3] vs 78.1 [69.8-86.4]; Prean = .651), or NAHS
(85.6 [81.2-90.1] vs 90.2 [86.0-94.3]; Prean = .147), but
HS,,» patients maintained significantly worse scores in
mHHS (82.1 [77.6-86.6] vs 90.2 [86.0-94.5]; Pcan = .010),
iHOT-33 (71.4 [4.4-78.3] vs 81.3 [75.0-87.6]; Ppean =
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.039), and VAS pain (2.7 [1.9-3.4] vs 1.3 [0.6-2.0]; Ppean =
.010) (Appendix Table A3, available online). However,
exploratory analyses (HS,,, n = 21; MCgy,, n = 31; 58.4%
of the subgroup) found no significant differences between
cohorts in any collected outcomes at 5-year follow-up
(Appendix Table A3, available online). Linear mixed-
effects models incorporating time as a categorical variable
revealed no significant differences between HS,, and
MC,,;, patients in magnitudes of improvement for all func-
tional and pain metrics when tracked from baseline to 5
years (Appendix Table A4, available online). Finally,
regarding MCID and PASS thresholds at 5 years, no signif-
icant differences were noted for any PROM within the lim-
ited available sample (Appendix Table A5, available
online).374%

Subsequent Surgeries and Patient Satisfaction

Patient satisfaction, rates of revision hip arthroscopy, and
rates of conversion to THA were tracked for all patients
(N = 157) through the maximum available follow-up (HS:
38.2 months vs MC: 39.2 months). When evaluating patient
satisfaction via a binary metric (ie, yes/no—are you satisfied
with the treatment you received?), no significant difference
was found between cohorts regarding the percentage of satis-
fied patients (HS: 70.0% vs MC: 63.2%) between cohorts (P =
.372). With regard to rates of revision hip arthroscopy, no sig-
nificant difference (P = .999) was found, as no patients (0%)
in the HS cohort underwent a revision procedure compared
with 1 (1.1%) in the MC cohort. In addition, no significant dif-
ference (P = .325) was found with respect to conversion to
THA, with 3 (4.3%) HS patients opting for arthroplasty at
a mean (95% CI) of 3.06 (1.7-4.4) years versus 1 (1.1%) MC
patient at 4.25 years after primary hip arthroscopy. Finally,
overall reoperation rates of 4.3% (n = 3) and 2.3% (n = 2) for
the HS and MC cohorts, respectively, were not significantly
different (P = .657).

DISCUSSION

For patients with FAI and concomitant lumbosacral symp-
toms, current literature largely indicates a need for addi-
tional studies to better guide preoperative education and
the shared decision-making process.’® The results of this
study demonstrated that both HS and MC patients
achieved significant functional improvement in all PROMs
through their 24-month follow-up, with comparable rates
of revision hip arthroscopy, conversion to THA, and self-
reported satisfaction at maximum available follow-
up. Although patients with lumbosacral pathology (HS
cohort) were generally found to have nominally worse
pre- and postoperative PROMs compared with MC
patients, both cohorts were found to exhibit similar magni-
tudes of improvement over time. In addition, the subgroup
analysis of the 40 HSy,, and 49 MCgy, patients tracked
beyond 24 months suggests that patients with concurrent
lumbosacral pathologies can continue to experience
improvement at 3- and 5-year follow-ups. These findings
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suggest that mid- to long-term follow-up may be necessary
to accurately define clinically meaningful outcomes in the
setting of arthroscopic hip preservation surgery.

Furthermore, defining clinically meaningful outcomes
has gained prominence in orthopaedic literature and repre-
sents a spectrum of improvement perceived by patients.
Numerous studies have demonstrated that while MCID
represents the lower boundary of improvement relative to
PASS or “substantial clinical benefit” thresholds, its use
can be appropriately applied to compare outcomes between
groups to define the clinical change that is meaningful and
detectable to patients.*2137 As such, while patients with
HS syndrome achieved PASS thresholds at a significantly
lower rate at 24-month follow-up, our limited subgroup
analysis of midterm data trended toward statistically sim-
ilar proportions at 5-year follow-up. In addition, MCID
analysis revealed that the HS and MC cohorts achieved
threshold values at nearly uniform rates across 12- and
24-month follow-ups, and the limited midterm (5-year)
follow-up suggested a similar trend. These findings offer
insight into the recovery timeline of patients with varia-
tions of HS syndrome and indicate that clinically meaning-
ful outcomes can be achieved despite preexisting
lumbosacral spine pathology.

Given the variable presentation of symptoms in patients
with hip and spine disorders, the preoperative workup is crit-
ical to identify appropriate surgical candidates. In addition to
a thorough physical examination, including provocative
maneuvers specific to both sites, an intra-articular hip joint
injection of local anesthetic with a low-dose corticosteroid is
a powerful diagnostic tool that should be routinely employed
in patients with HS syndrome.?” For patients with limited
clinical benefit after the injection or for those with gross
complaints of radicular/sciatic symptoms, the senior author
recommends a multidisciplinary approach with an early
referral to a dedicated spine surgeon and/or physiatrist—
prior to any surgical intervention of the hip. Furthermore,
for patients with positive responses to the intra-articular
injection, the temporary pain relief may enhance their ability
to participate in preoperative physical therapy and facilitate
muscle strengthening of the core/hemipelvis to optimize their
recovery after hip arthroscopy.®®

To date, the lack of homogeneity among available liter-
ature has provided conflicting evidence regarding the
influence of lumbosacral disease on hip arthroscopy out-
comes. For example, Chandrasekaran et al® reported that
previous lumbar spine fusion and/or decompression (n =
57) did not adversely affect 24-month outcomes in a 1:1
matched-pair controlled study, but a variety of intra-
articular diagnoses and concomitant procedures performed
limited generalizability to any specific patient population.
Conversely, in a nested case-control analysis, Beck et al*
found that despite displaying similar PROM scores at base-
line, a cohort of patients with lumbosacral spine pathology
(n = 83) displayed significantly lower PROM scores at 24-
month follow-up relative to the matched-control cohort
(n = 166). However, the clinical application of these find-
ings is clouded by one-fourth (25.3%) of the comparison
cohort receiving previous surgical treatment for lumbosa-
cral pain, which has been reported to be an independent
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predictor of poor outcomes after hip arthroscopy.* Specifi-
cally, Feingold et al'* provided preliminary evidence (n =
20; 14 fusion and 6 laminectomies/discectomies) that previ-
ous lumbosacral interventions prognosticated worse out-
comes for subsequent hip preservation surgery, with
subanalyses clearly delineating suboptimal outcomes in
patients with previous fusion. These findings are further
corroborated in spine-specific literature that has associ-
ated lumbar fusion with loss of lumbar mobility, risk of
adjacent segment disease, and reduced spinopelvic capac-
ity to compensate during postural changes.®1%?! Overall,
variations in patient characteristics, short-term follow-
up, and small sample sizes have limited the generalizabil-
ity of findings available in the current literature.

This present study leverages a robust collection of pro-
spective data to complement the limited data that exist
comparing outcomes of arthroscopic labral repair in the
setting of FAI and concurrent lumbosacral symptomatol-
ogy. A major strength of this analysis includes the strict
application of eligibility criteria to appropriately identify
a homogeneous cohort of patients with objective evidence
(eg, imaging with radiologic reports) of lumbosacral pathol-
ogies without any history of spine surgery. In addition, all
patients had a diagnosis of a symptomatic labral tear sec-
ondary to FAIL Both cohorts received similar and compre-
hensive preoperative workups; had >3 months of
unsuccessful nonoperative treatment, including physical
therapy; underwent hip arthroscopy by a single, high-vol-
ume, fellowship-trained orthopaedic surgeon using a uni-
form surgical approach; and progressed through the same
protocol postoperatively. Furthermore, outcomes were
tracked across multiple validated PROMs with additional
consideration for the rates of achieving MCID and PASS
thresholds.?® Finally, CEM was used to minimize con-
founding variables, reduce the risk of selection bias, and
maximize the number of patients within each cohort.

Limitations

Despite the strengths of this current study, there are cer-
tain limitations to address. First, the findings reported
were those of the senior author who had already performed
over 1000 hip arthroscopies prior to May 2014. While this
mitigated any risk of expert bias within the study cohorts,
these outcomes may not be generalizable to all surgeons
who use different techniques, especially in regard to capsu-
lar management, methods of labral reconstruction, and
treatment of chondrolabral/chondral injury.!0-?8:32:36:38 Sec.
ond, while we obtained a host of hip-specific PROMs, quan-
titative evaluation of lower back symptoms and subsequent
improvement using validated metrics postoperatively
remains an important area of future investigation. In addi-
tion, while outside the scope of this study, tracking dynamic
changes in spinopelvic parameters during the postoperative
period and correlation with patient-specific factors may bet-
ter inform outcomes in the setting of HS syndrome. Third,
commensurate with available studies, further subanalyses
could not be performed to assess the effect of each specific
lumbosacral pathology without being grossly underpow-
ered.? Fourth, MCID and PASS analyses were limited to
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patients with discrete follow-up at the corresponding
threshold time points. Similarly, commensurate with other
retrospective outcomes studies, 62 patients could not be
analyzed due to missing/incomplete PROM scores, which
may have introduced the possibility of selection bias. Last,
we report a limited number of 3- and 5-year (mid-term) out-
comes to showcase that longer follow-up may be necessary
to accurately gauge the clinical benefit achieved after hip
preservation surgery and provide a preliminary benchmark
for future research assessing mid-term outcomes.

CONCLUSION

After hip arthroscopy to address labral tears in the setting
of FAI, patients with symptomatic lumbosacral pathologies
and no history of spine surgery were found to exhibit
inferior pre- and postoperative PROMs but achieved statis-
tically similar clinical benefit and rates of PROM improve-
ment through 24-month follow-up compared with matched
controls with isolated hip disease. These findings aid in
providing a realistic recovery timeline and evidence that
coexisting hip and spine disorders are not a contraindica-
tion for arthroscopic hip preservation surgery.
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