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Abstract

Background. Outcomes of arthroscopic treatment for femoroacetabular impingement (FAI) remain variable.
The most debated aspects include the type of capsulotomy, the method of acetabular labrum refixation, and
the accuracy of cam deformity correction. The influence of different technical options at the key stages of
hip arthroscopy on morphological and clinical outcomes in patients with FAI remains insufficiently studied.
The aim of the study — to compare morphological and clinical outcomes of arthroscopic treatment in patients
with femoroacetabular impingement managed with standard versus modified surgical strategy.

Methods. A single-center comparative cohort study included 88 patients who underwent 94 hip arthroscopic
procedures. The retrospective group comprised 61 patients (64 hips), the prospective group — 27 patients
(30 hips). The modified strategy included longitudinal capsulotomy with capsular closure, avoidance
of knotted acetabular labral anchors, and a modified method of preoperative planning and intraoperative
execution of cam deformity correction. Clinical outcomes were assessed preoperatively and at 12 months
postoperatively using the iHOT-33, HOS-ADL, and HOS-Sport. Morphological outcomes were evaluated
using Dunn 45° X-rays and follow-up magnetic resonance imaging.

Results. Before surgery, the groups did not differ in most demographic, clinical, and radiographic characteristics;
the only statistically significant baseline difference was found for HOS-ADL. Postoperatively, the prospective
group demonstrated a higher iHOT-33 score than the retrospective group (90.4 [81.3; 96.2] vs 80.4 [71.8; 90.8]
points; p=0.002), while score improvement was greater for iHOT-33 (38.3 [29.3; 50.3] vs 23.5 [10.3; 39.5] points;
p=0.003), HOS-ADL (32.5 [13.2; 42.6] vs 11.8 [5.5; 23.2] points; p=0.005), and HOS-Sport (37.5 [25.0; 53.5]
vs 20.8 [5.6; 45.1] points; p=0.038). The rate of achieving substantial clinical benefit for iHOT-33 was higher
in the prospective group: 26/30 (86.7%; 95% CI 69.3-96.2) vs 28/64 (43.8%; 95% CI 31.4-56.7); p<0.001. The
modified strategy was associated with a lower postoperative alpha angle, a higher femoral head-neck offset
ratio, a higher rate of spherical femoroplasty, more frequent complete capsular healing on MRI, and a lower rate
of anchor-related MRI changes in analyses by anchor type.

Conclusion. The use of a modified arthroscopic strategy in patients with femoroacetabular impingement was
associated with more favorable morphological and clinical outcomes compared with the standard approach.
In reduced multivariable models, non-intact capsular status demonstrated the most stable association with
smaller improvement in clinical rating scale scores and failure to achieve clinically meaningful thresholds.
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YcoBepLueHCTBOBAHHOE NpeaonepaLuoHHoe NaaHMpPoOBaHue
U TEXHUKA apTPOCKONUUYECKOW KoppeKuuu heMopoaueTabynapHoro
UMNUHOKMEHTA

[1.B. ®unonoB, O.E. borononbcknii, P.M. Tuxmuion

@OIBY «HayuoHanvHbili MEOUYUHCKULI UCCIE008AMENbCKULL UEHMP MPABMAmosiozuu U opmoneouu
um. P.P. Bpedena» Mun3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

AHHoOTa s

AKmyansHocms. Pe3ynbTaThl apTPOCKOMMUECKOTO JieueHMsT heMopoareTabyasipHoro MMmuHIkMeHTa (PAU) octaloTcs Ba-
puabenbHbiMU. K unciy Haubosee OUCKYCCMOHHBIX aCITEeKTOB OTHOCSITCS TUIT KarCyJIOTOMUM, CIIocob pedukcanyy BepT-
JIY’)KHOJ TyOBI U TOYHOCTH KOppeKuuyu cam-gedopManyy. HemocTaTOUHO M3YyUeHO BAMSHUE Pa3IMUYHBIX BapMAaHTOB BbI-
MMOJTHEHMSI KTIOUEBBIX 3TAIllOB apPTPOCKOIIMIECKOTO BMEIIATEIbCTBA HA MOPQOIOTMIECKIe Y KIMHNYECKME MCXOIbI IeUeHMST
nanyeHToB ¢ ®AU.

Llenv uccnedoearus — cpaBHUTb MOP(OTIOrMUECKME U KIVMHUUECKNME MCXOObl apTPOCKOIMUYECKOTO JIeUeHusI MalleHTOB
¢ bemopoarieTabynIIpHbBIM UMITMHIKMEHTOM MPY UCITOIb30BaHUY CTAHAAPTHOM M YCOBEPIIEHCTBOBAHHOI XUPYPrUUecKoit
TEXHUKMA.

Mamepuan u memoodst. IIpoBeieHO OJHOILIEHTPOBOE CPaBHUTEIbHOE KOTOPTHOE MCC/IeoBaHe, BKIouMBIIee 88 maiyeH-
TOB, KOTOPBIM GBIV BBITTOTHEHBI 94 apTPOCKOMMYECKUX BMEIIATeIbCTBA HAa Ta300eJpeHHOM CYyCTaBe. B peTpoCreKTUBHYIO
TpYIITy Bomien 61 manyeHT (64 Ta306eJpeHHBIX CYCTaBa), B MPOCIEKTUBHYIO — 27 mauyeHToB (30 Ta306epeHHbIX CyCTa-
BOB). YCOBepIIeHCTBOBAHHASI TEXHMKA BKJIIOYA/IA MTPOIOIbHYIO KAIlCYyJIOTOMMIO C YIIMBAHMEM KaIlCy/Ibl, OTKA3 OT MCIO/b-
30BaHMS Y3JIOBBIX (MKCATOPOB BEPTIYKHONM T'y6hl M MOAMGUIMPOBAHHBIM CIOCO6 MPeqornepalyiOHHOTO TUIAHUPOBAHMS
Y MHTpPaOIIe PallOHHOV peann3aliuy Koppekiuu cam-gedopmanym. KnmHudyeckye Mcxombl OLeHMBAIN IO OIlepallyy v uepes
12 mec. nmocye ¢ ucronbs3oBaauem iHOT-33, HOS-ADL u HOS-Sport. Mopdonornueckye McxXombl aHAIM3MPOBAIN T10 ITaH-
HbBIM peHTreHorpaduu B ykiaaake Dunn 45° 1 KOHTPOJIIbHOV MarHUTHO-PE30HAHCHOM ToMorpadun.

Pesynsmamet. [1o orepaliuy TPYTIIbI He PasanuaIiCh MO GOMbIIMHCTBY AeMorpaduueckux, KIMHUUECKUX Y PEHTTEHOIO-
TMUEeCKUX XapaKTePUCTUK; CTATUCTMUECKU 3HAUMMOe pasjindye BbISIBI€HO TONAbKO 1o mkase HOS-ADL. Ilocne omnepauymn
rokasatenb iHOT-33 B MPOCIIEKTMBHOI IpyIiie 6L BbIlle, UeM B peTpocriekTuBHOi (90,4 [81,3; 96,2] nmpotus 80,4 [71,8;
90,8] 6amna; p=0,002), a mpupocT mokasaTesneii 6611 60mbiie mo iHOT-33 (38,3 [29,3; 50,3] mpotus 23,5 [10,3; 39,5] 6an-
na; p=0,003), HOS-ADL (32,5 [13,2; 42,6] npotus 11,8 [5,5; 23,2] 6a/mta; p=0,005) u HOS-Sport (37,5 [25,0; 53,5] mpoTus
20,8 [5,6; 45,1] 6a/m1a; p=0,038). UacToTa JOCTMKEHUS CYIIECTBEHHOTO KIIMHUYECKOTO ymyulienus mo iHOT-33 6bu1a Bhile
B IIPOCIEeKTUBHOI rpymiie: 26/30 (86,7%; 95% O 69,3-96,2) npotus 28/64 (43,8%; 95% I 31,4-56,7); p<0,001. [Tpume-
HEeHMe YCOBEPIIEeHCTBOBAHHO TAKTUKM aCCOIMMUPOBAIOCH C 60jIee HM3KMM ITOCIe0NepalMOHHbIM a-yIIIOM, 60/iee BBICOKUM
odceTHBIM KO3DPUIIMEHTOM, C OOCTIKeHMeM 60/blieit yacToThl cdepuueckoii eMoporiacTMky, 6oee 4acThIM ITOJHO-
IIEHHBIM 3a)KMBJIEHMEM KarlCy/Ibl 10 JaHHBIM MPT U MeHblIeil YaCcTOToi M3MeHeHU B 06;1acTy (MKCATOPOB ITPU aHAU3E
TuIa Gurcaun.

3axniouenue. TIpyMeHeHMe YCOBEPIIEHCTBOBAHHOI apTPOCKOMMYECKOH TEXHMUKY Y MaleHToB ¢ MDAV accormmpoBaioch ¢ 6oree
6IaronpUATHBIMY MOP(HOIOTMUECKUMU U KIMHMIECKMMIM MCXOHaMM 10 CPaBHEHMIO CO CTaHOAPTHBIM IOAX0A0M. B MHorodak-
TOPHBIX MOJIEJISIX HaubosIee YCTOMUMBast CBSI3b C MEHBIIIVM MTPUPOCTOM OAJIIOB IO MCTIONb3YEMbIM IITKa/IaM KITMHUYECKOH OIEHKU
Y HeIOCTIDKeHMeM KIVMHMYeCKY 3HAUMMbIX [TOPOTOB BbISIB/IEHA JI/1ST HEMHTAKTHOTO COCTOSTHMSI KariCyJIbI.

KioueBbie cnoBa: hemopoareTabyasipHbIi MMIIMHIKMEHT; apTPOCKOINS Ta3006eAPEeHHOT0 CycTaBa; cam-aedopMalis;
Karcy/JIoTOMUS ; BEPTIYKHAs ry6a.
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INTRODUCTION

Femoroacetabular impingement (FAI) is a sig-
nificant cause of pain, functional limitation,
and reduced quality of life in young and middle-
aged patients [1, 2]. The morphological basis of
this syndrome is abnormal contact between the
proximal femur and the acetabular rim, resulting
in damage to the acetabular labrum, articular
cartilage, and other structures of the hip joint
[1, 2]. Hip arthroscopy is one of the main surgical
treatment options for FAI and provides clinical
improvement in a substantial proportion of
patients [3, 4, 5]. However, the outcomes of
arthroscopic treatment for FAI remain variable
[5]. This variability may be related not only
to patient-specific characteristics but also to
differences in the surgical techniques used du-
ring the key stages of the procedure. Conse-
quently, further improvement of arthroscopic
treatment for FAI has been associated with the
optimization of these critical operative stages [6].

Among the most debated aspects of hip
arthroscopy are the type of capsulotomy per-
formed, the method of acetabular labral fixa-
tion, and the accuracy of cam deformity correction
[7,8,9, 10, 11]. Excessive capsulotomy may result
in capsular defects, persistent postoperative
pain, and reduced hip joint stability [9, 10]. The
choice of labral treatment strategy may influ-
ence both morphological and clinical outcomes
[8]. Cam deformity correction also remains chal-
lenging, as achieving target quantitative para-
meters does not always reflect the restoration
of the optimal head-neck offset geometry, while
both under-resection and over-resection may
adversely affect treatment outcomes [6, 12].

Despite the presence of literature addressing
capsulotomy, labral refixation, and cam deformity
correction, data regarding the morphological and
clinical outcomes associated with simultaneous
modification of several key stages of arthroscopic
surgery remain limited.

The aim of the study — to compare mor-
phological and clinical outcomes of arthroscopic
treatment in patients with femoroacetabular
impingement managed with standard versus
modified surgical strategy.

METHODS

Study design

A single-center comparative cohort study was
conducted, including two consecutive clinical
cohorts of patients with FAI who underwent
hip arthroscopy at the Vreden National Medical
Research Center of Traumatology and Orthope-
dics between February 2018 and February 2025.

Patients

The study included 88 patients who underwent
a total of 94 hip arthroscopic procedures. The
retrospective cohort consisted of 61 patients
(64 hips) who underwent surgery between
February 2018 and March 2022. The prospective
cohort included 27 patients (30 hips) who un-
derwent surgery between November 2022 and
February 2025. Bilateral procedures were per-
formed in three patients in each cohort.

The inclusion and exclusion criteria were
identical for both groups. Patients with clinically
significant symptoms of FAI and cam deformity
located in the anterosuperior head-neck junc-
tion of the femur on imaging studies were eligible
for inclusion [13, 14]. Exclusion criteria included
acetabular retroversion with a retroversion index
greater than 30%, acetabular dysplasia with
a Wiberg angle of less than 20°, avascular necro-
sis of the femoral head, Legg-Calvé-Perthes di-
sease, previous hip surgery, and signs of dege-
nerative joint disease. Degenerative changes were
defined as grade III-1V articular cartilage damage
according to the Outerbridge classification
based on intraoperative assessment and/or MRI
findings, acetabular cystic changes identified
on X-ray, CT, or MRI scans, joint space narrowing
< 3 mm, and/or joint incongruity. An additional
exclusion criterion was the absence of patient-
reported outcome measures obtained either
preoperatively or at the 12-month postoperative
follow-up.

Surgical technique

In all cases, the operations were performed
through standard arthroscopic portals [15].
In the retrospective cohort, joint access was
obtained primarily through an interportal
capsulotomy; in two cases, the capsulotomy was
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extended to a T-shaped configuration. Following
the completion of the main surgical procedure,
capsular closure was performed in all patients.
In the presence of an acetabular labral tear,
acetabular rim preparation and labral refixation
were carried out using both knotted and knotless
suture anchors. Cam deformity correction was
performed using a conventional technique aimed
at achieving target postoperative values of the
alpha angle and offset ratio [11].

In the prospective cohort, joint access was
obtained exclusively through a longitudinal cap-
sulotomy, followed by routine capsular closure.
When a labral tear was present, labral refixation
was performed using knotless suture anchor
fixation only. Cam deformity correction was
carried out according to the developed method
of preoperative planning and intraoperative
execution that has been submitted as a patent
application (priority certificate obtained, re-
gistration No 2026102357). Using a Dunn 45°
radiographic view, target values of the alpha
angle and head-neck offset ratio were determined
preoperatively. The planned resection zone was
then defined graphically, and key parameters
for its intraoperative implementation were
calculated (Figure 1). During surgery, a reference
landmark was created at the apex of the cam
deformity, and stepwise contouring osteoplasty
was performed toward the medial and lateral

synovial folds until a smooth, spherical transition
between the femoral head and neck was restored
[12,13, 14].

Outcome assessment
Radiographic assessment

Hip X-rays in the Dunn 45° position were
obtained preoperatively and on the first post-
operative day. Preoperative and postoperative
X-rays were used to assess the alpha angle and
the head-neck offset ratio [16]. The extent of
resection following femoroplasty was classified
according to the criteria proposed by Y. Mansor
et al. as under-resection, adequate resection,
or over-resection [12]. Over-resection was defi-
ned as positioning of the bony contour within
the resection zone inside the ideal circle con-
structed from the contour of the femoral head,
with a depth of over-resection exceeding 5%
of the femoral head diameter. Under-resection
was defined as persistence of the bony
contour outside the ideal circle proximal to
the point corresponding to an alpha angle
of 50°. In addition, the shape of the femoroplas-
ty was evaluated. The contour was classified as
spherical when a constant curvature and parallel
relationship to the ideal circle were maintained.
Conversely, it was classified as non-spherical
when local flattening, asymmetry, straight

segments, angular irregularities, or regions of
reverse curvature were present (Figure 2).

Figure 1. Application of the improved algorithm for cam deformity correction: a — Dunn 45° X-ray with lines
corresponding to the preoperative and target values of the alpha angle and offset ratio; b — determination

of the planned resection zone; ¢ — postoperative Dunn 45° X-ray demonstrating alpha angle and offset ratio
lines within the reference range, with restoration of the spherical contour of the femoral head
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Figure 2. Examples of a non-spherical contour after femoroplasty: a — an area of reverse curvature with
localized concavity; b — localized flattening/step-off of the contour

Magnetic resonance imaging

Follow-up MRI examinations were performed
in both groups without contrast enhancement
using 3.0-T scanners according to a standardized
imaging protocol [17, 18]. The median time to
follow-up MRIwas 13.9[13.2; 19.8] months in the
retrospective group and 15.3 [13.9; 22.9] months
in the prospective group (p = 0.397).

Capsular integrity was assessed on proton
density fat-suppressed (PD-FS) images with fo-
cused evaluation of the capsulotomy site [18, 19].
Three categories of capsular healing were
identified: capsular defect, partial healing, and
complete healing. A capsular defect was defined
as persistent discontinuity of the capsule with
slit-like separation of the capsular edges and
extension of synovial fluid into the defect. Partial
healing was defined as incomplete restoration of
capsular fiber continuity. Complete healing was
defined as restoration of uninterrupted capsular
continuity throughout the entire postoperative
region without the evidence of a residual defect.
For additional analysis, cases were grouped
into two categories: intact capsule (complete
healing) and non-intact capsule (partial healing
or capsular defect).

Changes associated with acetabular labral
anchors were evaluated specifically at the an-
chor fixation sites. Such changes were recorded
when focal areas of increased signal intensity
on PD-FS images and/or fluid-signal collections
were present within the paralabral soft tissues,
as well as in cases demonstrating thickening

and heterogeneity of the capsulolabral complex
surrounding the fixation zone [17, 18].

Clinical assessment

Clinical outcomes were assessed preoperatively
and at 12 months after surgery. Patient-repor-
ted outcome measures (PROMs) included the
International Hip Outcome Tool-33 (iHOT-33)
and the Hip Outcome Score (HOS), with addi-
tional analysis of the HOS-ADL (Activities of
Daily Living) subscale, reflecting functional per-
formance in everyday activities, and the HOS-
Sport subscale, reflecting sports participation
and higher levels of physical activity [20, 21]. The
achievement of the minimal clinically important
difference (MCID) and substantial clinical benefit
(SCB) was determined according to previously
published threshold values for the respective
outcome measures. For the iHOT-33, the MCID
was 6.1 points and the SCB was 24.5 points. For
the HOS-ADL, the MCID and SCB thresholds
were 9.0 and 10.0 points, respectively. For the
HOS-Sport, the MCID was 6.0 points and the SCB
was 29.9 points [22, 23].

Postoperative management

All patients were mobilized on the first
postoperative day with restrictions on weight-
bearing through the operated limb. The use of
crutches was recommended with partial weight-
bearing limited to approximately 15-20% of
body weight during the first 3 weeks, followed by
gradual progression to full weight-bearing over
the subsequent 2 weeks.
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Statistical analysis

Preliminary data processing was performed in
Microsoft Excel (Microsoft Corp., USA). Statistical
analyses were conducted using SPSS Statistics v.
26.0 software (IBM, USA), as well as the Python
3.13.5 programming language with the use of
the SciPy 1.17.0, statsmodels 0.14.6, and NumPy
2.3.5 libraries for specialized analyses. All ana-
lyses were performed at the level of individual
hips/procedures (n=94). Quantitative variables
are presented as median and interquartile range
(Me [Q,; Q,]), whereas qualitative variables are
presented as n (%; 95% confidence interval, CI).
Exact 95% CI for proportions were calculated
using the Clopper-Pearson method.

The distribution of quantitative variables
was assessed using the Shapiro-Wilk test and by
visual inspection of histograms and Q-Q plots.
Between-group comparisons of quantitative
variables were performed using the Mann-
Whitney U test, while within-group pre- and
postoperative comparisons were conducted
using the Wilcoxon signed-rank test. For paired
changes, the Hodges-Lehmann estimator (HL)
and its 95% CI were additionally calculated.
Categorical variables in 2x2 contingency tables
were compared using the Fisher’s exact test,
whereas contingency tables containing three
or more categories were analyzed using the
chi-square test. When statistically significant
differences were identified in tables with three or
more categories, post-hoc pairwise comparisons
of proportions were performed with Bonferroni
correction.

For continuous clinical outcomes, reduced
linear regression models were constructed.
The dependent variables were the 12-month
improvements in iHOT-33, HOS-ADL, and HOS-
Sport scores. Three prespecified morphological
predictors were included in the models: non-
intact capsular status, non-spherical femoro-
plasty morphology, and the presence of at least
one MRI-detected abnormality in the region of
acetabular labral anchors. Models were additi-
onally adjusted for the corresponding preo-
perative score. Heteroscedasticity-robust HC3
standard errors were used to calculate 95%
CI and p-values. To identify factors associated
with clinically meaningful binary outcomes,

multivariable logistic regression models were
applied. Failure to achieve the respective
clinically meaningful threshold was considered
the event of interest. Given the limited number
of events and the risk of model overfitting,
logistic regression analyses were performed
only for outcomes with at least 30 events.
Multicollinearity among predictors was
assessed during model development. Results
of linear regression analyses are reported as
B coefficients, whereas logistic regression re-
sults are presented as adjusted odds ratios
(aOR) with 95% CI. An aOR >1 indicated
a higher likelihood of failing to achieve the
corresponding clinically meaningful outcome
threshold. All statistical tests were two-sided,
and a p-value < 0.05 was considered statistically
significant.

RESULTS

Preoperative characteristics
of the groups

Prior to surgery, the patient groups did not differ
in most demographic, clinical, and radiological
characteristics; a statistically significant inter-
group difference was found only in the HOS-
ADL scale, the value of which was lower in the
prospective group (Table 1).

Characteristics of the performed
interventions

Surgical tactics differed between the groups.
In the retrospective group, joint was accessed
via interportal capsulotomy in 62 (96.9%) cases
and via T-shaped capsulotomy in 2 (3.1%) cases;
in the prospective group, longitudinal capsu-
lotomy was performed in all 30 (100.0%) cases.
Statistical comparison of capsulotomy types was
not performed, as this parameter was a compo-
nent of the surgical tactics being compared.

Labral repair was performed in 54 (84.4%)
cases of the retrospective group and in 22 (73.3%)
cases of the prospective group; no statistically
significant difference in the frequency of labral
repair was found between the groups (p = 0.262).
The number of fixators used per surgery did
not differ significantly; however, only knotless
fixators were used in the prospective group
(Table 2).
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Table 1
Preoperative characteristics of the groups

Parameter Retrosg)rf:ité\;e) group Prosp(icii\g% )group p
Cam-type FAI 14 (21.9%; 12.5-34.0) 9 (30.0%; 14.7-49.4) 0.445
Mixed-type FAI 50 (78.1%; 66.0-87.5) 21 (70.0%; 50.6-85.3) 0.445
Age at surgery, years 37.8[28.8;40.3] 36.9 [31.9; 44.8] 0.394
BMI, kg/m? 22.86 [20.14; 25.46] 23.20 [21.27; 24.92] 0.508
Wiberg angle preoperatively, deg. 32.0[27.6; 37.8] 31.2[27.0; 34.8] 0.340
Alpha angle (Dunn 45°) preoperatively, deg. 60.1[47.9; 73.1] 57.2[52.6; 64.9] 0.635
Offset ratio preoperatively 0.07 [0.03; 0.13] 0.07 [0.05; 0.10] 0.842
iHOT-33 preoperatively, points 54.8 [38.5; 63.0] 45.0[39.9; 57.9] 0.293
HOS-ADL preoperatively, points 79.4[67.7; 87.1] 61.6[55.1; 77.6] 0.009
HOS-Sport preoperatively, points 54.2 [32.6; 66.0] 42.3[30.0; 52.1] 0.264

Quantitative variables are presented as Me [Q ; Q,], qualitative — n (%; 95% CI).
Table 2
Surgical procedure characteristics

Parameter Retros(p;itgge; group Prosp(t;ctzi\g% )group p
Labral repair 54 (84.4%; 73.1-92.2) 22 (73.3%; 54.1-87.7) 0.262
Without refixation 10 (15.6%; 7.8-26.9) 8 (26.7%; 12.3-45.9) 0.262
Total number of fixators per surgery 3.0[2.0; 3.0] 2.010.2; 3.0] 0.373
Knotless fixators per surgery 0.0[0.0; 2.0] 2.010.2; 3.0] -
Knot-type fixators per surgery 0.0[0.0; 2.2] 0.0[0.0; 0.0] -

Quantitative variables are presented as Me [Q

Q,;

Clinical outcomes

In both groups, by the final follow-up, an increa-
se in the values of all used PROMs was recorded.
Pre- and postoperative values, as well as the
magnitude of improvement, are presented in
Table 3.

In intergroup comparison, the postoperative
iHOT-33 score was statistically significantly
higher in the prospective group. Postoperative
HOS-ADL and HOS-Sport scores were also
higher in the prospective group; however, the
differences in these scales did not reach statis-
tical significance.

Intergroup differences in the magnitude of
improvement were found for all three scales:
iHOT-33 — 38.3 [29.3; 50.3] vs 23.5 [10.3; 39.5]

Q.], qualitative — n (%; 95% CI).

points (p = 0.003), HOS-ADL — 32.5 [13.2; 42.6]

vs 11.8 [5.5; 23.2] points (p = 0.005), and HOS-

Sport — 37.5[25.0; 53.5] vs 20.8 [5.6; 45.1] points
(p = 0.038) (Figure 3).

The rate of achieving SCB for iHOT-33 was
higher in the prospective group, amounting to
26/30 (86.7%; 95% CI 69.3-96.2) vs 28/64 (43.8%;
95% CI 31.4-56.7) in the retrospective group
(p < 0.001). The prospective group also achieved
MCID and SCB for HOS-ADL more frequently:
23/30 (76.7%; 95% CI 57.7-90.1) vs 34/64 (53.1%;
95% CI 40.2-65.7), respectively (p = 0.041). Accor-
ding to Fisher's exact test, no intergroup
differences were found in the rate of achieving
MCID for iHOT-33, MCID for HOS-Sport, or SCB
for HOS-Sport (Table 4).
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Table 3
Dynamics of PROMs scores in clinical groups
Preoperative, Postoperative, A,Me [Q,; Q.];
Scale Group Me [Q;; Q] Me [Q;; Q] HIL (95% CI) P
iHOT-33 Retrospective 54.8 [38.5; 63.0] 80.4 [71.8; 90.8] 23.5[10.3; 39.5] <0.001
HL 26.1
(21.9-31.4)
Prospective 45.0[39.9;57.9] | 90.4[81.3;96.2] 38.3[29.3; 50.3] <0.001
HL 39.4
(33.8-44.6)
HOS-ADL Retrospective 79.4 [67.7; 87.1] 91.9[88.3; 95.6] 11.8 [5.5; 23.2] <0.001
HL 14.0
(10.3-19.9)
Prospective 61.6[55.1;77.6] | 94.9[88.7;98.2] 32.5 [13.2; 42.6] <0.001
HL 279
(22.8-36.0)
HOS-Sport Retrospective 54.2 [32.6; 66.0] 77.8 [68.7; 86.1] 20.8 [5.6; 45.1] <0.001
HL 23.6
(18.1-31.9)
Prospective 42.3 [30.0; 52.1] 80.6[72.2; 93.8] 37.5[25.0; 53.5] <0.001
HL 36.1
(27.2-44.7)

m Retrospective group

Prospective group

§ = 38,3 8
g 50 25 32,5 20,8
°E>’ = 1 Figure 3. Median improvement in PROM scores
g% 2 with interquartile ranges in the retrospective
E j: i ﬁ and prospective groups
S
v oo
iHOT-33 HOS-ADL HOS-Sport
Table 4
Rate of reaching MCID and SCB thresholds across clinical groups
Scale Retrospective group (n = 64) Prospective group (n = 30) p

iHOT-33 MCID 54 (84.4%; 73.1-92.2) 29 (96.7%; 82.8-99.9) 0.165

SCB 28 (43.8%; 31.4-56.7) 26 (86.7%; 69.3-96.2) <0.001
HOS-ADL MCID 34 (53.1%; 40.2-65.7) 23 (76.7%; 57.7-90.1) 0.041

SCB 34 (53.1%; 40.2-65.7) 23 (76.7%; 57.7-90.1) 0.041
HOS-Sport MCID 46 (71.9%; 59.2-82.4) 27 (90.0%; 73.5-97.9) 0.064

SCB 24 (37.5%; 25.7-50.5) 16 (53.3%; 34.3-71.7) 0.182

Qualitative data are presented as n (%; 95% CI).
MCID — minimal clinically important difference; SCB— substantial clinical benefit.
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Quality of cam deformity correction

The postoperative alpha angle in the 45° Dunn
view was 41.1 [39.4; 43.5]° in the retrospective
group and 38.0 [37.0; 40.8]° in the prospec-
tive group (p<0.001). The postoperative offset
ratio was 0.17 [0.15; 0.19] and 0.19 [0.17; 0.20],
respectively (p=0.002). An alpha angle of less
than 50° was achieved in all cases in both groups.
An offset ratio > 0.17 was recorded in 46 of 64
cases (71.9%; 95% CI 59.2-82.4) in the retro-
spective group and in 26 of 30 cases (86.7%; 95%
CI 69.3-96.2) in the prospective group (p=0.190).

Upon the qualitative assessment of femoro-
plasty results, a spherical shape was achieved
in 22 of 64 cases (34.4%; 95% CI 22.4-47.8) in
the retrospective group and in 29 of 30 cases
(96.7%; 95% CI 82.8-99.9) in the prospective
group (p<0.001). According to the criteria of
Y. Mansor et al., adequate resection was recorded
in 34 of 64 (53.1%; 95% CI 40.2-65.7) and 29
of 30 (96.7%; 95% CI 82.8-99.9) cases, respec-
tively; over-resection was recorded in 26 of
64 (40.6%; 95% CI 28.5-53.6) and 1 of 30 (3.3%;
95% CI 0.1-17.2). The differences in the distribu-
tion across the three resection quality catego-
ries were statistically significant (p<0.001);
upon post-hoc comparison with Bonferroni
cor-rection, the differences were significant for
over-resection (p<0.001) and adequate resection
(p <0.001), but not for under-resection (p = 0.485)

(Figure 4).

Prospective group
96,7

mRetrospective group
100,0 -

80,0 -
60,0
40,0

20,0

Proportion of observations, %

53,1
I 40,6
- 6'2 . 2
0.0 %0 , ‘

Capsular status according to MRI data

According to follow-up MRI, an intact capsule
was identified in 32 of 64 cases (50.0%) in the
retrospective group and in 23 of 30 cases (76.7%)
in the prospective group. Partial healing was
recorded in 20 of 64 (31.2%) and 6 of 30 (20.0%)
cases, respectively, and capsular defect in 12 of
64 (18.8%) and 1 of 30 (3.3%). The differences
in the distribution across the three capsular
status categories were statistically significant
(p=0.031). Upon post-hoc comparison with
Bonferroni correction, the difference in the
frequency of complete healing was significant
(p = 0.043), whereas the differences in partial
healing (p =0.767) and capsular defect (p =0.131)
did not reach statistical significance (Figure 5).
In the pooled sample, intact capsular status
on follow-up MRI was associated with more
favorable clinical outcomes: patients with an
intact capsule showed greater improvement
in iHOT-33, HOS-ADL, and HOS-Sport, as well
as a higher rate of achieving clinically significant
thresholds across all analyzed scales (Table 5).

MRI findings in the area of the fixators

Among procedures in which labral repair was
performed, any MRI changes in the area of the
fixators were identified in 22 of 54 cases (40.7%;
95% CI 27.6-55.0) in the retrospective group and
in 4 of 22 cases (18.2%; 95% CI 5.2-40.3) in the
prospective group (p = 0.068) (Table 6).

"3

Under-resection Adequate resection

Over-resection

Figure 4. Distribution of the quality of cam deformity correction according to the criteria
of Y. Mansor et al. in the retrospective and prospective groups
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100,0 +
80,0
60,0
40,0 -

20,0

0,0 -

Proportion of observations, %

Retrospective group

H|ntact capsule

mPartial healing

Prospective group
m Capsular defect

Figure 5. Distribution of capsular status
according to follow-up MRI findings
in the retrospective and prospective groups

Table 5
Dependence of clinical outcomes on capsule status in the pooled sample
Parameter Intact capsule Non-intact capsule p
(n=55) (n=39)
A iHOT-33 39.1[24.3; 50.4] 22.4[10.3; 29.7] <0.001
A HOS-ADL 22.1[13.2;42.6] 7.3 [4.4; 17.6] <0.001
AHOS-Sport 41.7 [21.7; 56.9] 16.7[0.0; 27.5] <0.001
iHOT-33 SCB 40 (72.7%; 59.0-83.9) 14 (35.9%; 21.2-52.8) <0.001
HOS-ADL MCID 42 (76.4%; 63.0-86.8) 15 (38.5%; 23.4-55.4) <0.001
HOS-ADL SCB 42 (76.4%; 63.0-86.8) 15 (38.5%; 23.4-55.4) <0.001
HOS-Sport MCID 48 (87.3%; 75.5-94.7) 25 (64.1%; 47.2-78.8) 0.012
HOS-Sport SCB 32 (58.2%; 44.1-71.3) 8 (20.5%;9.3-36.5) <0.001
Quantitative data are presented as median [Q,; Q,], qualitative — as n (%; 95% CI).
Table 6
MRI changes around the fixators after labral repair on follow-up MRI
Parameter Retros(prfzit;\ig group Prosp(t:lct:ixge2 )group p
Any MRI changes around fixators 22 (40.7%; 27.6-55.0) 4 (18.2%; 5.2-40.3) 0.068
Changes around knotless fixators 6 (11.1%;4.2-22.6) 4 (18.2%; 5.2-40.3) 0.462
Changes around knot-type fixators 16 (29.6%; 18.0-43.6) Not used -

Qualitative variables are presented as n (%; 95% CI).

In an analysis at the level of individual
fixators, MRI signs of changes were identified in
21 of 84 knot-type fixators (25.0%; 95% CI 16.2-
35.6) and in 16 of 127 knotless fixators (12.6%;
95% CI 7.4-19.7; p = 0.026). Among procedures
in which only one type of fixator was used,
changes were identified in 14 of 24 cases (58.3%;
95% CI 36.6-77.9) when only knot-type fixators
were used and in 12 of 46 cases (26.1%; 95% CI
14.3-41.1) when only knotless fixators were used
(p=0.010) (Table 7).

In univariate analysis, among procedures with
labral refixation, the presence of MRI changes
in the area of the fixators was not associated
with the magnitude of improvement in iHOT-33,

HOS-ADL, and HOS-Sport, nor with the rate of
achieving clinically significant MCID and SCB
thresholds (Table 8).

Multivariate analysis of predictors associated
with clinical outcomes

Multivariate analysis was performed for three
continuous outcomes (improvement in iHOT-33,
HOS-ADL, and HOS-Sport) and three binary
outcomes: failure to achieve iHOT-33 SCB, failure
to achieve HOS-ADL MCID/SCB, and failure to
achieve HOS-Sport SCB. Linear models for conti-
nuous outcomes were additionally adjusted for
the preoperative value of the respective scale
(Table 9).
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Table 7
Frequency of MRI changes depending on fixator type
Parameter Knot-type fixators Knotless fixators p
MRI changes at the level of individual fixators, 21/84 (25.0) 16/127 (12.6) 0.026
n/N (%), 95% CI 16.2-35.6 7.4-19.7
MRI changes in procedures using only one type 14/24 (58.3) 12/46 (26.1) 0.010
of fixator, n/N (%), 95% CI 36.6-77.9 14.3-41.1
Table 8
Analysis of the clinical significance of MRI changes around the fixators
Parameter Changes detected No changes detected
(n = 26) (n = 50) p
A iHOT-33 22.23[10.36; 46.59] 30.53[21.37; 46.88] 0.243
A HOS-ADL 13.24 [7.35; 31.68] 13.33[5.89; 26.47] 0.943
AHOS-Sport 25.00 [5.56; 32.30] 24.45 [9.03; 44.34] 0.926
iHOT-33 SCB 12 (46.2%; 26.6-66.6) 29 (58.0%; 43.2-71.8) 0.344
HOS-ADL MCID 15 (57.7%; 36.9-76.6) 28 (56.0%; 41.3-70.0) 1.000
HOS-ADL SCB 15 (57.7%; 36.9-76.6) 28 (56.0%; 41.3-70.0) 1.000
HOS-Sport MCID 18 (69.2%; 48.2-85.7) 39 (78.0%; 64.0-88.5) 0.416
HOS-Sport SCB 7 (26.9%; 11.6-47.8) 20 (40.0%; 26.4-54.8) 0.318
Quantitative data are presented as median [Q,; Q,], qualitative — as n (%; 95% CI).
Table 9
Multivariate analysis of predictors associated with clinical outcomes
A. Continuous outcomes, 3 (95% CI); p
Predictor A iHOT-33 A HOS-ADL A HOS-Sport
Non-intact capsule -8.93 (-13.08; -4.78) -3.95 (-6.77; -1.13) -9.12 (-15.01; -3.23)
p <0.001 p =0.007 p =0.003
Non-spherical -6.19 (-10.73; - 1.65) ~1.28 (-4.18; 1.63) -6.74 (-13.60; 0.13)
femoroplasty p=0.008 p=0.386 p=0.054
> 1 MRI change around 3.26 (-0.89; 7.42) 1.41 (-1.17; 3.99) 5.42 (~0.89; 11.73)
fixators p=0.122 p=0.282 p =0.092

B. Binary outcomes, aOR (95% CI); p

Failure to achieve iHOT-33 | Failure to achieve HOS-ADL | Failure to achieve HOS-Sport

Predictor SCB (40/94) MCID/SCB (37/94) SCB (54/94)
Non-intact capsule 4.54 (1.85-11.11) 5.20 (2.06-13.13) 5.17 (1.98-13.48)
p <0.001 p < 0.001 p < 0.001
Non-spherical 1.72 (0.70-4.21) 2.53 (1.00-6.40) 1.24 (0.50-3.07)
femoroplasty p=0.239 p =0.050 p =0.649
> 1 MRI change around 1.57 (0.58-4.25) 0.84 (0.30-2.38) 2.32(0.80-6.72)
fixators p=0.372 p=0.749 p=0.120

B — regression coefficient; aOR — adjusted odds ratio.
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In the linear models, non-intact capsule was
associated with less improvement in iHOT-33
and HOS-Sport (p = 0.003). Non-spherical fe-
moroplasty was associated with less impro-
vement in iHOT-33 (p = 0.008), whereas the asso-
ciation for HOS-Sport was borderline (p = 0.054)
and was not statistically significant for HOS-
ADL. The presence of MRI changes around the
fixators was not independently associated with
improvement in PROMs. In the logistic models,
non-intact capsule was the only predictor that
maintained a consistent independent associa-
tion with all analyzed binary outcomes: it increa-
sed the probability of failing to achieve iHOT-33
SCB (p < 0.001), HOS-ADL MCID/SCB (p < 0.001),
and HOS-Sport SCB (p < 0.001).

DISCUSSION

In the present study, the refinement of arthro-
scopic surgical technique was associated with
more favorable morphological and clinical out-
comes compared with the standard approach.
In the prospective group, the postoperative
iHOT-33 score was higher than in the retro-
spective group, the improvement across all used
scales was greater, and the rate of achieving
substantial clinical benefit for iHOT-33 was
86.7% compared with 43.8%. For comparison,
in a large analysis from the UK Non-Arthroplas-
ty Hip Registry, which included 4963 arthros-
copic procedures for FAI, clinical improvement
was also maintained at 12 months of follow-up;
however, the MCID for iHOT-12 was achieved
by approximately two-thirds of patients, and
SCB by less than half [5]. Thus, the SCB rate for
iHOT-33 in the retrospective group of our study
is comparable to the data from the large registry,
whereas in the prospective group it was higher.
Given the significance of the deformity type and
baseline patient characteristics [24], the obser-
ved differences between the groups, which were
otherwise comparable, are likely attributable to
the comprehensive optimization of the surgical
technique.

On follow-up MRI, an intact capsule was more
frequently identified in the prospective group,
whereas capsular defect was less common. In
the pooled sample, intact capsular status was
associated with greater improvement in iHOT-33,
HOS-ADL, and HOS-Sport scores, as well as with
a higher rate of achieving clinically significant

thresholds. In the linear models, non-intact
capsule was associated with less improvement
in all three PROMs, and in the logistic models,
with an increased probability of failing to achieve
clinically significant thresholds. Similarly, in the
study by F. Yang et al., patients with a non-healed
or partially healed capsule after arthroscopy had
lower postoperative HOS-ADL (75.1 vs 83.5;
p=0.007), HOS-SSS (64.5 vs 77.1; p = 0.005), and
iHOT-12 (56.1 vs 70.2; p=0.006) scores, as well
as a lower rate of achieving MCID for HOS-ADL
(52% vs 80%; p=0.037) [25]. In the present
study, the direction of the effect was similar:
with a non-intact capsule, the probability of
failing to achieve clinically significant thre-
sholds was higher for iHOT-33 SCB, HOS-ADL
MCID/SCB, and HOS-Sport SCB. At the same time,
data on capsular healing after different surgical
approaches remain heterogeneous [19, 25].
The lower rate of incomplete capsular healing
with longitudinal capsulotomy compared with
transverse interportal capsulotomy may be re-
lated to the biomechanical characteristics of
the anterior capsuloligamentous complex [26].
During hip extension, tension on the anterior
capsule may increase stress on the suture line
after transverse capsulotomy, whereas with a lon-
gitudinal incision orientation, the conditions for
approximating the capsule edges may be more
favorable.

Another important component of the modified
surgical technique was cam deformity correction.
In the prospective group, a spherical femoroplasty
shape (96.7% vs 34.4%) and adequate resection
according to the criteria of Y. Mansor et al. (96.7%
vs 53.1%) were achieved more frequently, whe-
reas the rate of over-resection was significantly
lower (3.3% vs 40.6%). Data from revision
arthroscopy show that residual deformity re-
mains one of the main causes of re-operations
[6], while excessive resection is associated with
worse functional outcomes [12]. In the study
by Y. Mansor et al., which included 130 revi-
sion arthroscopies, over-resection was identified
in 20 (15.4%) cases; after revision surgery, the
modified Harris Hip Score (mHHS) was lower
in the over-resection group than in the under-
correction group (66.7+19.8 vs 81.0%14.5;
p=0.031), and conversion to total hip arthro-
plasty was more frequent (30% vs 0%; p = 0.024)
[12]. These findings confirm that the assessment
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of femoroplasty quality should not be limited
solely to the alpha angle value. Although some
studies have considered the postoperative
alpha angle as a prognostically significant
parameter, with a threshold of 48.3° associated
with achieving an acceptable symptomatic state
at 5 years [27], other data do not support its
independent association with clinical outcome
[28]. This is consistent with our data and supports
an approach focused not only on quantitative
correction but also on restoring the spherical
geometry of the femoral head-neck junction.

Differences related to labral refixation were
less pronounced. In the prospective group,
the rate of any MRI changes in the area of the
fixators after labral repair was 18.2% compared
with 40.7% in the retrospective group, and in
the analysis at the level of individual fixators,
changes were more frequently identified
around knot-type constructs than around
knotless ones (25.0% and 12.6%, respectively).
According to a systematic review, knotless and
knot-type fixators provide comparable clinical
outcomes, although knotless fixation may be
associated with less postoperative pain and
less pronounced reactive tissue changes [29].
In the systematic review by W.L. Johns et al.,
which included 47 studies and 6185 patients,
the postoperative mHHS was comparable with
knotless and knot-type fixators — 86.3%2.8
and 88.8+5.5, respectively; the re-operation
rate was 8.1% and 6.2%, and the conversion
rate to total hip arthroplasty was 4.4% and
1.9%, respectively [29]. Our data do not allow
us to assert a standalone clinical superiority of
abandoning knot-type fixators, as univariate
analysis showed no association with PROMs.
Nevertheless, the more favorable morphological
profile of knotless fixation appears to be a prac-
tically important observation.

Study limitations

Study limitations include the single-center, non-
randomized design, the relatively small size
of the prospective group, and the simultaneous
implementation of multiple technical compo-
nents. Nevertheless, the combined assessment
of radiographic, MRI, and clinical outcomes
allows us to consider the proposed approach
as a practically significant direction for further
improvement of arthroscopic treatment in pati-
ents with FAI. The practical significance of such

refinements is particularly relevant given the
expanding use of hip arthroscopy in Russia [30].

CONCLUSION

The refinement of arthroscopic surgical tech-
nique in patients with femoroacetabular im-
pingement was associated with more favo-
rable morphological and clinical outcomes com-
pared with the standard approach. The modified
technique group demonstrated higher quality
of cam deformity correction, more frequent
complete capsular healing on follow-up MRI,
a lower rate of changes around labral fixators,
and greater improvement in iHOT-33, HOS-
ADL, and HOS-Sport scores. Comprehensive
optimization of surgical tactics appears to be
a promising direction for improving treatment
outcomes and requires further research in larger
studies.
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