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Abstract

Purpose: To assess the correlation between changes in hip capsule morphology with
improvements in patient-reported outcome (PRO) scores after arthroscopic surgery for
femoroacetabular impingement syndrome (FAIS) using the periportal capsulotomy technique.

Methods: Twenty-eight patients with cam morphology FAIS (without arthritis, dysplasia, or
hypermobility) were prospectively enrolled before arthroscopic labral repair and femoroplasty
through periportal capsulotomy (anterolateral/midanterior portals) without closure. Patients
completed the Hip Disability and Osteoarthritis Outcomes Score (HOQOS) and had
nonarthrographic 3T magnetic resonance imaging (MRI) scans of the affected hip before and
1 year after surgery. Anterior capsule thickness, posterior capsule thickness, anterior-posterior
capsule thickness ratio, and proximal-distal anterior capsule thickness ratio were measured on
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axial-obligue MRI sequences. Pearson correlation coefficients were calculated to determine the
association between hip capsule morphology and PRO scores.

Results: Postoperative imaging showed that for all 28 patients (12 female), labral repairs and
capsulotomies had healed within 1 year of surgery. Analysis revealed postoperative decreases

in anterior hip capsule thickness (1395.4 +£508.4 mm3 vs 1758.4 +487.9 mm3; P=.003) and
anterior-posterior capsule thickness ratio (0.92+ 0.33 vs 1.12+0.38; P = .02). Higher preoperative
anterior-posterior capsule thickness ratio correlated with lower preoperative scores for HOOS pain
(R=0.43; P =.02), activities of daily living (ADL) (R =-0.43; P=.02), and sport (R=—0.38; P
=.04). Greater decrease from preoperative to postoperative anterior-posterior capsule thickness
ratio correlated with greater improvement for HOOS pain(/R = -0.40;P =.04), ADL(R = -0.45;P=
.02),and sport(R = —0.46; P = .02).

Conclusions: Periportal capsulotomy without closure demonstrates capsule healing by 1 year
after arthroscopic FAIS treatment. Changes in hip capsule morphology including decreased
anterior-posterior capsule thickness ratio after surgery may be correlated with improvements in
patient pain, function, and ability to return to sports.

Level of Evidence: Level Il, prospective cohort study.

Femoroacetabular impingement syndrome (FAIS) is a condition in which abnormal
morphologic features of the femoral head or acetabulum cause progressive damage to

the labrum and cartilage through repetitive hip motion and has become an increasingly
recognized cause of hip pain in the younger, more active population.1= If FAIS

fails conservative management, surgical interventions are performed to correct the

bony morphologic abnormalities and to treat the damaged labrum.3>~" Among these
interventions, arthroscopic surgery has become commonly used in recent years, because it
has been shown to significantly decrease pain and improve hip function in FAIS patients.8-12

Although there have been many studies demonstrating excellent patient-reported outcomes
after arthroscopic procedures such as labral repairs and osteochondroplasty,13-1° there

is a lack of consensus regarding proper capsular management during hip arthroscopy

for FAIS. Although most surgeons use an interportal capsulotomy approach,6 periportal
capsulotomy,1” and T-capsulotomy?8 are 2 other techniques that are often used to access
the hip joint during arthroscopic surgery. Additionally, there is ongoing debate on whether
capsular repair should be regularly performed after capsulotomy, particularly with respect
to the type of capsulotomy performed.1719-21 For example, Chambers et al.1” demonstrated
improved patient outcomes after periportal capsulotomy without closure because with this
technique, incomplete transection of the iliofemoral ligament obviated the need for capsule
closure.

Some studies have further explored the relationship between hip capsule anatomy

and patient symptoms to better understand the optimal surgical approach to capsular
management. Because magnetic resonance imaging (MRI) has been found to be useful

in characterizing capsular integrity and thickness, the anatomy of the hip capsule has been
shown to be related to FAIS pathophysiology and symptoms. One study showed that cam
morphology hips have a thicker hip capsule compared to asymptomatic controls.22 Other
studies have found that on MR, a thicker anterior hip capsule is correlated with decreased
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hip range of motion in FAIS whereas a thinner anterior hip capsule is correlated with clinical
laxity.15:23.24 patient-reported outcomes (PRO) scores have also been shown to be associated
with hip capsule characteristics, because a previous study found that an increased anterior to
posterior hip capsule volume ratio in native FAIS hips correlated with worse patient-reported
pain scores.25 However, less is known about how changes in hip capsule characteristics

after arthroscopic surgery are correlated with changes in PRO scores for postoperative

pain, function, and symptoms. Assessment of postoperative hip capsule morphology after
arthroscopic treatment for FAIS using the periportal capsulotomy would help to better
understand whether the capsule heals fully and the relationship between changes in hip
capsule morphology after surgery and changes in PRO scores.

The purpose of this study is to assess the correlation between changes in hip capsule
morphology with improvements in PRO scores after arthroscopic surgery for FAIS using the
periportal capsulotomy technique. We hypothesize that a greater decrease from preoperative
to postoperative anterior hip capsule thickness is associated with greater improvements in
PRO scores.

Patient cohort

Study protocols and procedures underwent institutional review board approval. Twenty-eight
patients (28 hips) with cam morphology and FAIS undergoing primary arthroscopic surgery
for femoroplasty and labral repair were prospectively enrolled before surgery from a single
tertiary-referral hospital’s hip preservation center. Written informed consent was obtained
from each patient prior to study enrollment. Patient age, body mass index, and sex were
recorded prior to surgery. Patient inclusion criteria included age between 18 and 50,

body mass index < 30 kg/m?, no radiographic findings of joint space narrowing (Ténnis
grade O or 1), no radiographic findings of pincer morphology (lateral center edge angle

<40° and no crossover sign), no signs of joint hyperlaxity (Beighton score < 4), and
diagnosis of cam morphology FAIS on physical and radiographic examination (alpha angle
> 55° on Dunn lateral view) refractory to at least 6 weeks of conservative treatments

such as activity modification, physical therapy, nonsteroidal anti-inflammatory drugs, or
intra-articular corticosteroid injections. Patient exclusion criteria included hip dysplasia,
borderline dysplasia, abnormal femoral or acetabular version, previous surgery, and femoral
abnormalities such as Perthes disease and slipped capital femoral epiphysis. Only cam
morphology FAIS patients were enrolled to decrease the variability in capsule anatomy from
patients with pincer morphology, acetabular retroversion, or coxa profunda.

Surgical Technique

All surgeries were performed by the senior author (A.L.Z.). The periportal capsulotomy
technique was used to access the hip joint.17:26 Using the anterolateral and midanterior
portals, the capsule was entered and dilated to 8 mm and 10 mm, respectively. A
synovectomy was performed between the portals while undermining the articular side
of the capsule to increase working space without using traction sutures. The iliofemoral
ligament was protected to avoid complete transection. FAIS treatment was standardized
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for all patients with arthroscopic labral repair performed using knotted suture anchors in
a loop configuration (2 anchors) followed by femoroplasty per standard treatment for cam
morphology. Patients did not undergo capsule closure.

Patients underwent preoperative and one-year postoperative magnetic resonance imaging of
the affected hip using a 3 Tesla MRI scanner with an 8-channel cardiac coil (GE Healthcare,
Chicago, IL). A fat suppressed, isotropic 3-dimensional intermediate-weighted fast spin
echo sequence was acquired in the coronal plane, with a voxel size of 0.8 x 0.8 x0.8 mm,
field of view of 15.3 cm, echo time of 60 ms, and repetition time of 2400 to 3700 ms. The
isotropic 3-dimensional sequence dataset was reconstructed using OsiriX (version 11.0.3,
Pixmeo SARL) into the axial-oblique plane with a slice thickness of 3 mm and in-plane
spatial resolution of 0.8 x 0.8 mm.

Image segmentation analysis

Segmentation analyses and thickness measurements were performed for each patient’s
preoperative and one-year postoperative reconstructed axial-oblique MRI sequences. The
3T nonarthrographic MR was used to quantify capsule thickness because it has been shown
to be highly accurate for assessment of intra-articular hip structures and to minimize effects
from contrast artifact.2>27 Image segmentation was performed using the Image Processing
Package (IPP) software (version 6.43.01) developed by the University of California, San
Francisco Musculoskeletal Quantitative Imaging Research Group. For each sequence, three
consecutive slices were identified for segmentation by selecting the slice with the widest
femoral head diameter, as well as the adjacent slices directly superior and directly inferior.
For each slice, a region of interest (ROI) was manually outlined, and IPP calculates the
thickness corresponding to each ROI based on the number of selected voxels. The IPP
software was used to calculate the ROI thickness of each slice, as well as the total thickness
of each set of slices. Segmentation analysis was performed by musculoskeletal radiology
trained raters on preoperative and postoperative scans to measure each patient’s anterior hip
capsule thickness, posterior hip capsule thickness, anterior-posterior hip capsule thickness
ratio (Fig 1), and proximal-distal anterior capsule thickness ratio which was defined at the
anterior capsule midpoint (Fig 2). Intraclass correlation coefficients and 95% confidence
intervals were calculated to measure intrarater reliability on the basis of a single rater,
consistency, 2-way mixed effects model, and interrater reliability on the basis of a multiple
rater, consistency, two-way mixed effects model. Intra-rater reliability was tested by a single
rater performing segmentations on the same 10 MRI sequences 2 weeks apart and found to
be 0.947 (Cl, 0.785 to 0.987). Interrater reliability was tested by 2 raters on the same 10
sequences and found to be 0.922 (ClI, 0.836 to 0.963).

Patient-reported outcomes

Before surgery, patients completed the Hip Disability and Osteoarthritis Outcome Score
(HOOQS) including 5 subscales: pain, symptoms, activities of daily living (ADL), sport,

and quality of life (QOL).28:29 One year after their surgery, patients completed the HOOS
questionnaire again to assess changes in patient-reported outcomes. All data were collected
on REDCap (version 7.0.19; Vanderbilt University).

Arthroscopy. Author manuscript; available in PMC 2023 February 01.
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Statistical Analysis

Results

An a priori power analysis was performed with preoperative and 1-year postoperative HOOS
symptoms scores on the basis of a prior study using periportal capsulotomy during hip
arthroscopy.13 Twenty-four hips were needed to adequately power the study to 1 - g =

0.80 and a = 0.05. The minimal clinically important difference (MCID) for each HOOS
subscale was calculated using a distribution-based method,3° where one half of the standard
deviation for each subscale was used as the cutoff. The percentage of patients achieving
MCID 1 year after surgery for each subscale was calculated. Preoperative and postoperative
characteristics were compared using a paired sample #test. Correlation analyses between
continuous variables such as capsule thickness, capsule thickness ratios, and PRO scores
were performed by calculating Pearson’s correlation coefficients and 95% confidence
intervals. Statistical significance was set to P < .05. All statistical analyses were performed
on IBM SPSS Statistics software.

Patient cohort demographics and hip capsule characteristics

This study included 28 patients (28 hips) with a mean (+SD) age of 31.0 £ 6.1 with

16 men (57%) and 12 women (43%). Patient demographics and hip capsule morphologic
characteristics at baseline and at 1-year postoperative follow-up were analyzed (Table 1).
Based on Beck classification,3! intraoperative evaluation found median labral tear grade

2 (range 2-3), median acetabular cartilage grade 2 (range 2-3), and median femoral
cartilage grade 1 (range 0-1). The alpha angle was significantly decreased at 1-year follow-
up compared to baseline measurements (mean 44.5° vs 62.6°; P < .0001, respectively).

The mean total procedure time in this cohort was 82.6 min £ 19.1 minutes. The mean
traction time was 45.3 mins £ 14.1 minutes. There were no postoperative complications

or reoperations in this cohort. On postoperative MRI at 1 year, all patients had findings
indicating healed labral repairs without fluid signal between the labrum and acetabulum,

as well as findings indicating healed periportal capsulotomies without capsular defects in
the coronal or axial-oblique planes. Anterior hip capsule thickness decreased at 1-year
follow-up compared to baseline thickness (mean 1395.4 mms3 vs 1758.4 mm3, P = .003,
respectively). Anterior-posterior capsule thickness ratio also decreased at one-year follow-
up (0.92 vs 1.12; P=0.02, respectively). Posterior capsule thickness and proximal-distal
anterior capsule thickness ratio were not significantly different at 1-year follow-up compared
with baseline measurements.

Changes in PRO scores 1-year after surgery

Compared to baseline HOOS scores, all 5 HOOS subscales showed significantly increased
(improved) scores at 1-year follow-up (Table 2). The HOOS QOL subscale demonstrated the
greatest increase after 1 year (from 19.2 before to 61.2 after surgery, £<.001). The HOOS
ADL subscale had the highest baseline (62.7 + 18.8) and highest 1-year postoperative (86.7
+ 17.7) scores. The percentage of patients that achieved MCID for their PRO at 1-year
follow-up (Table 3) ranged from 64% (HOOS symptoms) to 89% (HOOS Sports and QOL).

Arthroscopy. Author manuscript; available in PMC 2023 February 01.
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Correlating native FAIS hip capsule characteristics with baseline PRO scores

At baseline, a higher preoperative anterior to posterior hip capsule thickness ratio was
correlated with lower (worse) scores on the HOOS pain (R=-0.43; P =.02; Cl,-0.69
to —0.07), ADL (R =-0.43; P =.02; Cl, —-0.69 to —0.07), and sport (R = -0.38; P =
.04; Cl, —0.66 to —0.01) subscales (Fig 3). Preoperative measurements for alpha angle,
anterior capsule thickness, posterior capsule thickness, and proximal to distal anterior
capsule thickness ratio were not correlated with HOOS scores for any of the subscales,
including pain, symptoms, ADL, sport, and QOL (Table 4).

Correlating postoperative change in hip capsule characteristics with change in PRO

scores

Postoperative net change in anterior hip capsule thickness was negatively correlated with
net change in HOOS ADL scores as a greater decrease from preoperative to postoperative
anterior hip capsule thickness was associated with a greater increase in HOOS ADL scores
(R=-0.41; P=.03; Cl, —0.68 to —0.04). Postoperative net change in anterior to posterior
capsule thickness ratio was negatively correlated with HOOS scores for pain (# = -0.40;
P=.04; Cl, -0.67 to —0.03), ADL (R=-0.45; P=.02; Cl, —0.70 to —-0.10), and sport (R
=-0.46; P=.02; Cl, -0.71 to —0.10) subscales (Fig 4). Therefore a greater decrease from
preoperative to postoperative anterior to posterior capsule thickness ratio was correlated with
a greater increase in HOQOS pain, ADL, and sport scores. Postoperative changes in alpha
angle, posterior capsule thickness, and proximal to distal anterior capsule thickness ratio
were not correlated with changes in scores for any of the HOOS subscales including pain,
symptoms, ADL, sport, and QOL (Table 5).

Discussion

We found that a greater preoperative anterior to posterior capsule thickness ratio was
correlated with worse patient-reported scores for pain, ADL, and sport. In addition, a
greater decrease from preoperative to postoperative anterior capsule thickness, relative to
posterior capsule thickness, was associated with more substantial improvements in patient-
reported pain, ADL, and sport scores. Last, we saw that patients treated using the periportal
capsulotomy technique without capsule closure demonstrated significant improvements in
PRO scores with high rates of achieving MCID and that all capsules had healed without
defects by 1 year after surgery.

Findings from our study demonstrated that there were weak negative correlations between
preoperative anterior to posterior hip capsule thickness ratio and HOOS pain, ADL, and
sport scores (lower anterior to posterior capsule thickness ratio was correlated with higher
PRO scores). This is consistent with the results of a prior study evaluating the relationship
between native FAIS hip capsule morphology and PROs.25 In this study, Shaw et al.25
found that decreased anterior to posterior hip capsule volume was correlated with higher
HOOS pain scores (less pain) in patients with FAIS. We found that in addition to HOOS
pain, a lower preoperative anterior to posterior hip capsule thickness ratio is also correlated
with higher scores on 2 other HOOS subscales: ADL and sport. However, the correlations
found in our current study were weak to moderate at best and further research is needed

Arthroscopy. Author manuscript; available in PMC 2023 February 01.
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to investigate the relationship between hip capsule morphology and patient symptoms from
FAIS.

One year after arthroscopic surgery for FAIS management, the anterior hip capsule
thickness, as well as the ratio of anterior to posterior hip capsule thickness, significantly
decreased. These findings are likely due to the periportal capsulotomy technique, which
can result in thinning of the anterior capsule during portal dilation, as well as the capsule
healing with a lower anterior to posterior capsule thickness ratio compared to before
surgery. The postoperative net change in anterior to posterior hip capsule thickness ratio
also demonstrated weak but statistically significant negative correlations with 3 HOOS
subscale scores: pain, ADL, and sport (greater decrease in anterior to posterior capsule
ratio was correlated with greater PRO score improvements). One prior anatomical study
suggested that a thicker iliofemoral ligament in the anterior hip capsule was associated
with the development of cam morphology32 and decreased range of motion during hip
flexion and internal rotation, which if valid, could explain some of the findings in our
current study.33 In addition, a thicker anterior capsule could theoretically exacerbate the
posterior hip instability/microinstability that has been associated with FAIS,34:35 especially
in patients with a thinner posterior capsule. This study cannot draw conclusions on these
theories but only serve to elicit further studies to assess the mechanisms under which capsule
morphology may contribute to patient outcomes after surgery.

There lacks a consensus on whether capsular closure is necessary after hip arthroscopy for
FAIS management; some studies advocate for tight capsule repair2?-21 whereas others argue
that it is not needed.16:19:36 For our study, all 28 hips that underwent periportal capsulotomy
without capsule closure showed continuous capsular healing without any signs of defect on
MRI 1 year after surgery. Strickland et al.3” showed that the hip capsule was healed by

24 weeks after surgery with interportal capsulotomy. Moreover, Chambers et al.1’ showed
significant clinical improvement after 2 years using periportal capsulotomy without capsule
closure. Our findings further support that capsular closure may not be necessary in patients
without joint hypermobility using a periportal capsulotomy approach and that debulking
anterior capsule thickness may contribute to improvements in patient outcomes.

Last, the alpha angle is used as a quantitative measure of cam morphology and a higher
alpha angle has been associated with increased labral tear grade and acetabular cartilage
damage.38:39 Although one previous study found a negative correlation between preoperative
and postoperative alpha angle with PRO scores,*? other studies did not find this association
between lower postoperative alpha angles and improved clinical outcomes.142 Our results
did not reveal a significant correlation between postoperative decrease in alpha angle and
change in HOOS scores. This is likely due to uniform femoroplasty corrections because all
surgeries were performed by a single surgeon using the same technique in this cohort. All
patients had uniformly high preoperative alpha angles when enrolled and after femoroplasty,
all patients had similar postoperative alpha angles. Therefore, because there was little
variability in the amount of change from preoperative and postoperative alpha angles, an
association was not found in this study between changes in alpha angle and changes in
HOQOS scores.

Arthroscopy. Author manuscript; available in PMC 2023 February 01.
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Limitations

This study is subject to several limitations. First, our segmentation technique relies

on thickness calculations of 2-dimensional MRI slices to study the morphology of

the hip capsule, a 3-dimensional structure. Postoperative MRIs were performed without
arthrography, which is a limitation in evaluating complete capsule healing. In addition, our
study did not include a cohort of patients that underwent capsular repair. Therefore we could
not assess how capsular repair affects postoperative hip capsule morphology and symptoms
for patients who underwent capsulotomy. This study also only evaluated cam morphology
FAIS to decrease the variability in capsule anatomy, but we aim to have future studies assess
hip capsule characteristics for pincer morphology FAIS, as well as the effects of capsule
repair. All arthroscopic surgeries were performed at a single hospital by a single surgeon,
which may limit generalizability of the findings, but a standardized surgical procedure may
help to ensure reproducibility of the results. Last, this study reports 1-year outcomes after
surgery. Prolonged follow-up duration to 2 or more years may demonstrate further changes
in results, and this is a goal for future studies. Our 1-year assessment of capsular healing
was still important because it showed that within this time, capsulotomies were able to heal
without signs of defects, and this may be valuable data to aid in clinical counseling for
patients.

Conclusion

Periportal capsulotomy without closure demonstrates capsule healing by 1 year after
arthroscopic FAIS treatment. Changes in hip capsule morphology including decreased
anterior-posterior capsule thickness ratio after surgery may be correlated with improvements
in patient pain, function, and ability to return to sports.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1.

(A?) Preoperative axial-oblique magnetic resonance image (MRI) of patient. (B) Preoperative
MRI with anterior hip capsule outlined as the green region of interest (ROI) and posterior
hip capsule outlined as the blue ROI. (C) Postoperative MRI of the same patient after
femoroplasty. (D) Postoperative MRI with anterior and posterior hip capsules outlined in
green and blue, respectively.
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Fig 2.
(A) Preoperative and (B) postoperative magnetic resonance image of the same patient with
proximal anterior hip capsule outlined as the blue region of interest (ROI) and distal anterior

hip capsule outlined as the green ROI.
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Fig 3.

Cgrrelating preoperative anterior-posterior hip capsule thickness ratios with Hip Disability
and Osteoarthritis Outcomes Scores (HOQS). Increased preoperative anterior to posterior
capsule thickness ratios were correlated with lower scores on the (A) HOOS pain (R =
-0.43; P = .02; confidence interval [CI], —0.69 to —-0.07), (B) HOOS ADL (R=-0.43; P
=.02; Cl, —0.69 to -0.07), and (C) HOOS sport (R=-0.38, P=.04, Cl: -0.66 to —0.01)
subscales.
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Fig 4.

Cc?rrelating postoperative change in anterior-posterior hip capsule thickness ratios with
changes in HOOS Scores. A larger postoperative decrease in anterior to posterior hip
capsule thickness ratio was correlated with larger postoperative increases in (A) Hip
Disability and Osteoarthritis Outcomes Score (HOOS) pain (R = —0.40; £=0.04; confidence
interval [CI], —0.67 to —0.03), (B) HOOS ADL (R = -0.45; £=.02; CI, -0.70 to —0.10), and
(C) HOOS sport (R=-0.46; P=0.02; Cl, -0.71 to —0.10) scores.
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Table 1.

Demographics and Characteristics (N = 28 Patients)

Before Surgery

1 Year After Surgery P Value

Age,y 31.0+6.1
BMI, kg/m? 247+3.1
Male, % 57%
Toénnis grade * 0

Alpha angle 62.6° +5.0°
Anterior hip capsule thickness (mm?3) 1758.4 + 487.9
Posterior hip capsule thickness (mmd) 1670.5+435.8
Anterior-posterior thickness ratio 1.12+0.38
Proximal-distal thickness ratio in anterior capsule 0.68+0.30

445°+2.1°
1395.4 + 508.4
1531.4 +257.9

0.92+0.33

0.70 £0.27

<.001
.003

.02
.65

Bold values indicate statistical significance.

BMI, body mass index.

*
All patients were Tonnis 0 in this study
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Table 3.

Minimal Clinically Important Difference Thresholds

McID®  Percentage Achieving MCID

HOOS Pain 8.9
HOOS Symptoms 104
HOOS ADL 10.6
HOOS Sports 114
HOOS QOL 11.8

82%
64%
75%
89%
89%

Page 18

ADL, activities of daily living; HOOS, Hip Disability and Osteoarthritis Outcomes Score; MCID, minimal clinically important difference; QOL,

quality of life.

*
MCID was calculated using

the distribution-based method.
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