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Revision hip arthroscopy for hip synovial G

chondromatosis is effective despite inferior
postoperative clinical outcomes compared
to patients undergoing primary hip
arthroscopy: a matched control study

with minimum 2-year follow-up

Yichuan Zhu'?3, Xin Zhang'%?, Jianquan Wang '3, Guanying Gao'***" and Yan Xu'%*"

Abstract

Purpose (1) To determine the clinical outcomes following revision arthroscopy for patients with hip synovial chon-
dromatosis (SC), and (2) to compare the clinical outcomes between patients undergoing revision hip arthroscopy
and primary hip arthroscopy.

Methods Patients undergoing hip arthroscopy between December 2014 and January 2021 was reviewed. Patients
treated for SC and confirmed by postoperative pathology were included. Exclusion criteria were age less than 18 years
old, hip osteoarthritis (Ténnis grade > 1), history of autoimmune disease, avascular necrosis, and Legg-Calve—Perthes
disease. Patients undergoing revision surgery were included in the revision group, while those undergoing primary
surgery were matched in a 1:4 ratio and included in the primary group. Preoperative and postoperative patient-
reported outcome (PRO) scores including Visual Analog pain Scale (VAS), modified Harris Hip Score (mHHS), Nonar-
thritic Hip Score (NAHS), and international Hip Outcome Tool, 12-component form (iHOT-12) were collected and com-
pared. The PROs and percentage of achieving minimal clinically important difference (MCID) and patient acceptable
symptom state (PASS) of mHHS, iHOT-12, and NAHS were compared between the two groups.

Results A total of 12 patients were included in the revision group, while 48 patients were included in the pri-

mary group. No significant difference was found in baseline characteristics (all with P>.05). No significant differ-

ence was found in the arthroscopic findings and procedures (all with P>.05). Both groups presented significant
improvement of postoperative PROs compared to the preoperative PROs (all with P<.001). No significant difference
was found in preoperative PROs between the two groups (all with P> .05). Postoperatively, the revision group pre-
sented inferior VAS (P=.007), mHHS (P=.007), iHOT-12 (P=.004), and NAHS (P=.028), as well as lower rate of achieving
MCID of NAHS (P=.038), and PASS of mHHS (P=.003) compared to the primary group.
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Conclusion Patients undergoing revision arthroscopy for hip SC presented favorable clinical outcomes at mini-
mum of 2-year follow-up, although the postoperative PROs, rate of achieving MCID, and PASS were lower compared

to patients undergoing primary arthroscopy.
Level of Evidence: Ill.

Keywords Synovial chondromatosis, Hip arthroscopy, Revision hip arthroscopy

Introduction

Synovial Chondromatosis (SC) is a benign synovium dis-
ease that commonly affects the hip joint [1]. The condi-
tion of SC is characterized by metaplasia of the synovial
membrane and the formation of multiple calcified nod-
ules [2]. Although the cause of hip SC remains unknown,
the condition can lead to erosive changes and second-
ary osteoarthritis (OA) of the joint [3]. Patients with hip
SC typically manifests as hip pain, decreased range of
motion, mechanical locking, and stiffness that result in
impaired hip function and poor quality of life [4].

Primary arthroscopic treatment including removal of
loose bodies and synovectomy can yield favorable clini-
cal outcomes [4—8]. The percentage of recurrence identi-
fied by a combination of clinical symptoms and imaging
findings, was reported to be 7.1% in a systematic review.
Among these patients, 12 out of 14 (85.7%) underwent
subsequent surgery, with 9 (64.3%) underwent revision
arthroscopy [3]. Recurrence of SC not only exacerbate
morbidity but also have the potential to induce malignant
transformation [4]. Therefore, receiving a timely revision
surgery, holds the potential to enhance the prognosis for
these patients. However, this topic was rarely addressed,
and little is known on the clinical outcomes following
revision arthroscopy [4, 6, 8, 9].

Therefore, the purposes of the present study are: (1)
to determine the clinical outcomes following revision
arthroscopy for patients with hip SC, and (2) to compare
the clinical outcomes between patients undergoing revi-
sion hip arthroscopy and primary hip arthroscopy. It was
hypothesized that patients undergoing revision arthros-
copy could present favorable clinical outcomes, whereas
these patients were expected to demonstrate inferior
overall outcomes compared to patients undergoing pri-
mary arthroscopy.

Methods

Patient selection

After institutional review board approval, data were ret-
rospectively reviewed for all patients who underwent hip
arthroscopy between December 2014 and January 2021
at our institution. The inclusion criteria were as follow:
underwent hip arthroscopic treatment for SC (diagnosed
preoperatively on radiologic examinations, or discovered

during arthroscopic treatment for femoroacetabular
impingement syndrome [FAIS]: alpha angle [AA]>55
degrees for cam-type impingement, lateral center edge
angle [LCEA]>40 degrees for pincer-type impinge-
ment, and presentation of labral tear or bone marrow
effusion on MRI) [10, 11]. Among the included patients,
recurrence of SC were considered to some of them
with persistent hip pain and recurrence of loose bod-
ies on postoperative CT or MRI after primary arthros-
copy, and revision arthroscopy was performed for them
[3]. Patients were excluded if they had: (1) age less than
18 years old; (2) hip osteoarthritis (Tonnis grade>1); (3)
history of autoimmune disease; (4) avascular necrosis,
and (5) Legg—Calve—Perthes disease. Patients underwent
revision arthroscopy were included in the revision group,
while other only underwent primary arthroscopy were
matched and included in the primary group.

Matching protocol

All of the included patients who underwent revision
surgery were included in the revision group. Patients
who underwent primary arthroscopy were matched
in a 1:4 ratio using coarsened exact matching (CEM)
with bins defined based on age categories (<34, 3450,
or>50 years), sex (male or female), and body mass index
(BMI) categories (<24, 24-30, or>30), in order to effec-
tively reduce imbalance within observational data when
controlling for a few strong confounders [12-14].

Surgical technique

Two senior surgeons (Y.X. and J.W.) with over 10-year
experience in hip arthroscopy performed all operations
using a standard supine approach [15] on a traction
table (Smith & Nephew, Andover, MA).The arthroscopic
inspection, removal of loose bodies, and synovectomy
were orderly performed from the peripheral compart-
ment to the central compartment (Fig. 1). The proxi-
mal mid-anterior portal (PMAP) and the mid-anterior
portal (MAP) was firstly established. With PMAP being
the viewing portal and MAP being the working portal,
the arthroscopic inspection was started at the medial
and anterior capsular recess without traction. The hip
was gradually flexed and internal rotated for synovec-
tomy and loose bodies removal. Switch the viewing por-
tal to MAP, use PMAP and anterolateral portal (AL) to
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Fig. 1 Revision arthroscopy for a 51-year-old man’s right hip. A The anterior capsular recess. B The medial capsular recess. C The lateral
capsular recess. D The medial endpoint of extended capsulotomy at the iliofemoral ligament. E The lateral endpoint of extended capsulotomy
at the iliofemoral ligament. F The posterior capsular recess. G The peri-labrum region. H The acetabular fossa. FN: femoral neck; FH: femoral head; L:

labrum; *: loose bodies; arrow head: endpoint of capsulotomy

be the working portal, keep the hip in flexion and neu-
tral position, synovectomy and loose bodies removal
was performed at lateral capsular recess. After traction,
extended capsulotomy for the iliofemoral ligament or
the iliofemoral ligament plus the anterior part of ischi-
ofemoral ligament (less than half) was made through AL
along the posterior-inferior rim of the zona orbicularis.
With MAP being the viewing portal and AL being the
working portal, synovectomy and loose bodies removal
was performed at the posterior site. After managing the
peripheral compartment, arthroscopy was moved into
the central compartment, using AL as the viewing portal
and MAP as the working portal. In addition to remov-
ing loose bodies and synovectomy, labral debridement
or repair was then performed according to the condition
of labrum. Acetabular and femoral head cartilage was
evaluated according to Outerbridge classification [16]
and chondroplasty was performed for cartilage lesions
and chondral flaps. If a cam lesion in the head-neck junc-
tion or acetabular over-coverage was identified, femoral
or acetabular osteoplasty was performed. Finally, with
the hip flexed by about 60 degrees, the joint capsule was
sutured through PMAP and MAP at the 12, 1, 2, and 3
oclock positions under AL inspection. During revision
arthroscopy, there were requirements for addressing the
adhesions and bleeding in the scar tissues to enhance
accessibility. The steps and order of synovectomy, loose
bodies removal, and managements for concomitant
lesions were identical to primary arthroscopy. Loose bod-
ies (Fig. 2) and synovium were evaluated using Milgram
[17] classification and sent for pathological examination.

Rehabilitation protocol

A standardized rehabilitation protocol was implemented
for all patients. Isometric contractions and passive range
of motion exercises were initiated on day 1 to 2 after sur-
gery. Partial weight-bearing exercises for restoring range
of motion and promoting regular gait were introduced
from day 3 to week 3, followed by full weight-bearing
walking at week 4. Full weight-bearing muscle strength
exercises and dynamic balance training began at week
6. Patients gradually resumed activities and returned to
sports based on their tolerance.

Data collection

Patients’ demographic characteristics including age at
surgery, sex, height, weight, body mass index (BMI), and
duration from the onset of symptoms to the primary sur-
gery were collected. For patients undergoing revision sur-
gery, the interval between primary and revision surgery
was collected.

Hip radiography and CT were performed preop-
eratively to preliminarily locate loose bodies. The AA,
LCEA, Tonnis grade and joint space were collected using
methods described by previous studies [18-21]. Hip
MRI examinations were performed preoperatively using
a 3.0-T magnetic resonance scanner (Magnetom Trio
with TIM system; Siemens Healthcare) to confirm the
presentation of loose bodies and evaluate the condition
of labrum, cartilage and ligaments. Immediate postop-
erative CT were performed on the day after surgery to
confirm the removal of loose bodies. As shown in Fig. 3,
we divided the hip synovium of both the peripheral and
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Fig. 2 Loose bodies extracted from the hip joint

Fig. 3 Regions of the hip synovium. A Region #1: the medial capsular recess; Region #3: the lateral capsular recess; Region #2: the anterior capsular
recess, which is located between regions #1 and #3. B The posterior recess is divided into two portions by taking the rim of the zona orbicularis
as the boundary. Region #4: posteroinferior recess; Region #5: posterosuperior recess. C Region #6: peri-labrum, which is defined as the synovial

tissue attached to the labrum; Region #7: the acetabular fossa

central compartments into7 regions as described by Zhu
et al. [22]. The presence of residual loose bodies and their
locations following primary arthroscopy were recorded
based on immediate postoperative CT. For patients
undergoing primary arthroscopy at other institutes, the
residual loose bodies were determined on their early fol-
low-up CT or MRL

Patient-reported outcomes (PROs) including Visual
Analog pain Scale (VAS), modified Harris Hip Score
(mHHS), Nonarthritic Hip Score (NAHS), international

Hip Outcome Tool, 12-component form (iHOT-12) were
used to assess hip function for all patients [23-25]. The
PROs were assessed both preoperatively and at a mini-
mum of 2-year follow-up for all patients. Cutoff values
for the minimum clinically important difference (MCID)
of the mHHS and iHOT-12 were calculated using a dis-
tribution-based method originally proposed by Norman
et al. [26], in which the MCID cutoff was set to half the
standard deviation of the preoperative outcome scores of
the cohort. Patient acceptable symptom state (PASS) of
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mHHS, NAHS, and iHOT-12 defined by published stud-
ies were used: 74 for mHHS, 81.9 for NAHS, and 69.1 for
iHOT-12 [27-29].

All preoperative data for the revision group were col-
lected before the revision arthroscopy. The surgical pro-
cedures for the revision group were also collected at the
revision arthroscopy.

Statistical analysis

All the data were analyzed by IBM SPSS Statistics 27.0
(SPSS Inc., Chicago, IL, USA). The Kolmogorov—Smirnov
test was firstly performed to check for normal distribu-
tions. The Wilcoxon signed-rank test was applied for the
skewed variables and paired ¢ test was applied for the
normally distributed variables to compare the preopera-
tive and postoperative PROs. Pearson’s chi-square test
was applied to compare the categorical variables between
the two groups. Mann—Whitney U test and independent
t test was applied to compare the skewed variables and
normally distributed variables between the two groups.
Statistical significance was considered when P <0.05.

Results

As shown in Fig. 4, a total of 60 patients were included
in the study. Among them, 12 patients were included
in the revision group, and 48 patients were matched
and included in the primary group. The mean inter-
val between primary and revision arthroscopy was
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32.64 months (range 12-96 months). The detailed com-
parison of patients’ characteristics between the revision
group and the primary group was listed in Table 1. No
significant difference was found in age at surgery, sex,
height, weight, BMI, AA, LCEA, Tonnis grade, joint
space, symptom duration, and follow-up period between
the two groups (all with P>0.05).

As shown in Table 2, the detailed comparison of arthro-
scopic findings and procedures were listed. No significant
difference was found in the location of loose bodies and
Milgram stage between the two groups (all with P>0.05).
Synovial hypertrophy was observed in all the patients.
No significant difference of the procedure of labral repair,
femoroplasty, and acetabuloplasty was found between the
two groups (all with P>0.05). The Outerbridge grade of
the acetabular and femoral head cartilage did not present
significant differences between the two groups (all with
P>0.05). Labral repair was performed in 9 patients and
23 patients in the revision group and the primary group,
respectively (P>0.05).

As shown in Table 3, residual loose bodies were
observed in 8 (66.7%) patients and 26 (54.2%) patients
following primary surgery in the revision and the pri-
mary group, respectively. There was no significant dif-
ference in the rate and locations of residual loose bodies
between the two groups (all with P>0.05). The locations
of residual loose bodies and recurrence of SC for each
case in the revision group were demonstrated in Table 4.

s N
86 SC patients from
Dec. 2014 to Jan. 2021
\ J .
Exclusion:
« 3 patients under 18 years old
P N |* 2 patients with severe hip OA
81 eligible patients
| J/
+ 9 patients lost minimum of 2-year
follow-up
( A
72 patients for analysis
\ | J
v
12 patients underwent 60 patients underwent
revision surgery primary surgery

Matched 1:4 by age,

[ Revision group ] gender and BMI

N=12 J L

( Primary group
N=48

Fig. 4 Flow chart of patient selection
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Table 1 Comparison of patients' characteristics between the two groups*
Revision, N=12 Primary, N=48 PValue

Age, years 419+119(23-62) 40.23+12.1 (19-64) 0.677
Sex 1

Male 7(58.3) 28 (58.3)

Female 5(41.7) 20(41.7)
Height, cm 1726+7.3(163-183) 170.1+£6.5 (157-185) 0.326
Weight, kg 71.0+£12.4 (50-92) 71.6+123(47-110) 0.882
BMI, kg/m2 23.8+3.7(17.9-31.1) 246+3.1(17.9-329) 0471
AA, deg 55.8+11.7 (41.8-77.1) 56.4+124(35.0-80.5) 0.922
LCEA, deg 35.5+7.2(22.7-49.5) 355495 (21.4-58.6) 0.876
Cam-type FAIS 8(66.7) 28 (58.3) 0.598
Pincer-type FAIS 3(25.0) 12 (25.0) 1
Toénnis grade 0.690

0 4(333) 19 (39.6)

1 8 (66.7) 29 (60.4)
Joint space, mm 46+1.1(2.7-6.7) 43+1.1(23-73) 0442
Symptom duration, months 42.0+35.3(12-120) 37.3+37.8(6-180) 0.626
Follow-up period, months 40.5+21.7 (24-97) 40.6+17.6 (24-100) 0.643

*Values are presented as mean *standard deviation (range). BMI body mass index, AA alpha angle, LCEA lateral center-edge angle

Table 2 Comparison of arthroscopic findings and procedures
between the two groups*

Table 3 Comparison of rate and locations of residual loose
bodies following primary surgery between the two groups*

Revision,N=12 Primary, N=48 P Value Revision,N=12  Primary, N=48 PValue
Location of loose bodies Residual loose bodies 8 (66.7) 26 (54.2) 0434
Peripheral compart- 12 (100) 44.(91.7) 301 Locations
ment Region #1 1(83) 4(83) 1
Central compartment 9 (75.0) 44 (91.7) .108 Region #2 2(167) 6(12.5) 0.704
Milgram stage 513 Region #3 2(16.7) 6(12.5) 0.704
Stage 2 6 (50.0) 29(396) Region #4 4(333) 14(29.2) 0778
Stage 3 6(00) 19(604) Region #5 3(250) 15(313) 0637
Synovial hypertrophy 12 (100) 44 (100) 1 Region #6 2(16.7) 11(22.9) 0638
Labral repair 9(75.0) 23 (47.9) 093 Region #7 4(333) 11229 0456
Femoroplasty 8(66.7) 28(583) 598 Extra-articular 3(250) 7(184) 0386
Acetabuloplasty 3(25.0) 12 (25.0) 1 -
*Values are presented as No. of hips (%)
Acetabular cartilage 162
Outerbridge grade 0 2(16.7) 25 (52.1)
Outerbridge grade 1 3 (25.0) 7(14.6) Both groups showed improvement in all of the post-
Outerbridge grade 2~ 2(16.7) 8(16.7) operative PROs compared to the preoperative PROs (all
Outerbridge grade 3 3(25.0) 6(12.5) with P<0.001). The comparison of preoperative and post-
Outerbridge grade 4~ 2(16.7) 2(42) operative PROs between the two groups was presented
Femoral head cartilage 735 in Table 5. No significant difference was found in all of
Outerbridge grade 0 9 (75.0) 39(813) the preoperative PROs between the two groups (all with
Outerbridge grade 1 2(16.7) 4(83) P>0.05). Postoperatively, the revision group presented
Outerbridge grade 2 1(83) 3(63) inferior VAS (P=0.007), mHHS (P=0.007), iHOT-12
Outerbridge grade 3 2(42) (P=0.004), and NAHS (P=0.028) compared to the pri-
Outerbridge grade 4 0 mary group. No patients complained about the complica-
Capsular repair 12 (100) 48 (100) 1 tions including wound infection and neuropraxia.

*Values are presented as No. of hips (%)

As shown in Table 6, the rate of achieving clinical
thresholds were compared between the two groups. The
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Table 4 Locations of recurrence in the revision group
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Locations of residual loose bodies

Locations of recurrence

Case 1 Region #1, #2, #3, #4, #5, #6, #7, extra-articular Region #1, #2, #3, #4, #5, #6, #7, extra-articular
Case 2 Region #7 Region #3, #7

Case 3 N/A Region #2

Case 4 Region #4, #6 Region #4, #5, #6, extra-articular

Case 5 Region #5 Region #5, #7

Case 6 N/A Region #1, #2, #3, #4, #5

Case 7 N/A Region #5

Case 8 Region #4, #5, extra-articular Region #2, #3, #4, #5, extra-articular

Case 9 N/A Region #6

Case 10 Region #7 Region #7

Case 11 Region #7 Region #1, #2, #3, #4, #5, #6, #7, extra-articular
Case 12 Region #2, #3, #4, extra-articular Region #1, #2, #3, #4, #5, extra-articular

N/A, not applicable

Table 5 Comparison of patients'reported outcomes between
the two groups*

Revision, N=12 Primary, N=48 PValue

Preoperative VAS 48+19(2-8) 3.8+15(1-7) 0.165
Postoperative VAS 24423 (0-6) 0.8+1.2 (0-4) 0.007
Preoperative mHHS ~ 588+119 (41-84) 658+12.7 (32-87) 0.058
Postoperative mHHS  81.2+16.9 (52-100) 93.5+6.7 (72-100) 0.007
Preoperative iHOT-12  44.7 +7.8 (33-56) 496+10.5(23-74) 0111
Postoperative 576+17431-76) 723+9.0(49-83) 0.004
iHOT-12

Preoperative NAHS 444468 (31-54) 469+72(19-64) 0.255
Postoperative NAHS ~ 684+19.3 (52-100) 81.7+8.6(58-100) 0.028

*Values are presented as mean * standard deviation (range). VAS visual analog
pain scale, mHHS modified Harris Hip Score, iHOT-12 international Hip Outcome
Tool, 12-component form, NAHS Nonarthritic Hip Score. Boldface indicates
statistically significant difference between groups (P <0.05)

Table 6 Comparison of percentage of patients achieving MCID
and PASS between the two groups*

Revision, N=12 Primary, N=48 PValue

mHHS

MCID 9(75.0) 45(93.8) 0.053

PASS 8(66.7) 46 (95.8) 0.003
iHOT-12

MCID 9(75.0) 44 (91.7) 0.108

PASS 5(41.7) 31 (64.6) 0.147
NAHS

MCID 10(83.3) 47 (97.9) 0.038

PASS 4(33.3) 23(47.9) 0.364

“Values are presented as No. of hips (%). mHHS modified Harris Hip Score; iHOT-
12 international Hip Outcome Tool, 12-component form; NAHS Nonarthritic Hip
Score; MCID minimum clinically important difference; PASS Patient Acceptable
Symptom State. Boldface indicates statistically significant difference between
groups (P<0.05)

MCID of mHHS, iHOT-12, and NAHS was calculated
to be 6.8, 5.1, and 3.6 respectively. More patients in the
primary group achieved MCID of NAHS (P=0.038)
than the revision group, while no significant difference
was found in achieving MCID of mHHS (2=0.053) and
iHOT-12 (P=0.108). A higher proportion of patients in
the primary group achieved PASS of mHHS (P=0.003),
while no significant difference was observed in achiev-
ing PASS of iHOT-12 (P=0.147) and NAHS (P=0.364).
One patient (8.3%) in the revision group underwent sub-
sequent open surgery 6 months after revision arthros-
copy, and conversion to total hip arthroplasty (THA)
12 months after the second revision surgery. The CT and
MRI of this patient before and after revision surgery was
presented in Fig. 5.

Discussion

The primary findings of the study were that patients
undergoing revision arthroscopy for hip SC presented
favorable clinical outcomes at minimum of 2-year fol-
low-up, although the postoperative PROs, rate of achiev-
ing MCID, and PASS were lower compared to patients
undergoing primary arthroscopy.

In the present study, primary arthroscopic treatment
for hip SC demonstrated significant improvement of the
PROs, which was consistent to previous studies [4-8].
Although some of the studies reported cases of recur-
rence, the clinical outcomes of this specific population
were not reported and compared. To our expectation,
the significant improvement of all of the PROs were
also observed in the revision group, which suggested
that revision arthroscopy could achieve favorable thera-
peutical effect. However, we found that patients in the
revision group presented inferior postoperative PROs
compared to the primary group. Similarly, these patients
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Fig. 5 Preoperative and postoperative CT and MRI of a 48-year-old male undergoing revision arthroscopy. A, B Reconstruction of preoperative CT
showed extensive loose bodies and bone erosion. C Preoperative MRI showed diffuse high signal intensity with T2-weighting, indicating synovial
process diffusely involving the joint with bursal extensions. D, E Reconstruction of postoperative CT showed decreased number of loose bodies. The
majority of residual loose bodies were observed in the region of the obturator externus

demonstrated lower rates of achieving MCID and PASS.
The challenges associated with performing complete
synovectomy and removing loose bodies during revision
arthroscopy may exert a certain impact on the outcomes.
Although arthroscopy has advantages of less invasion,
reduced complications, better perioperative care, and
fast rehabilitation compared to open surgery, it cannot
provide easy access to the acetabular fossa and the pos-
terior proximal aspect of the femur that are commonly
affected by SC [5]. In our clinical practice, the manage-
ment of revision arthroscopy treatment is challenged
by the severe adhesion, elevated tension, and insertion
of residual loose bodies into the erosive bone in these
patients. It was reported that inadequate removal of
synovium and loose bodies is one of the most common
reasons for recurrence [3]. Therefore, we have developed
and applied a standardized protocol in order to maxi-
mize the removal of loose bodies and synovium [15]. An
extensive capsulotomy was performed for all patients to
enhance accessibility. However, the accessibility is still
limited and presents challenges, particularly in managing
the posterior capsular and the region of obturator exter-
nus. Therefore, for the case presented persistent hip pain
and residual loose bodies following revision arthroscopy
in the present study, a subsequent open surgery was per-
formed. The extensive capsulotomy also held the poten-
tial risk of residual loose bodies leaking [30]. Therefore,
capsular repair was performed for all patients.

Among the 12 patients in the revision group, only 1
patient underwent second revision surgery and finally
conversion to THA. Similarly, de SA et al. [3] conducted
a systematical review and found a relatively satisfactory
survivorship, with 1 out of 9 patients undergoing second
revision surgery. However, caution should be exercised
when interpreting the results of survivability due to the
limited sample size and follow-up period.

In the present study, all of the demographic charac-
teristics and radiographic parameters were comparable
between the two groups. Relevant factors of recurrence
have been preliminarily investigated in previous studies.
Boyer et al. [9] and Zini et al. [4] suggested that increas-
ing age may be a predictor to recurrence, while the simi-
lar results were not observed in other studies [6, 8]. The
different exclusion criteria of OA may contribute to the
difference, as Boyer et al. did not mention this aspect,
and Zini et al. excluded patients with Kellgren-Lawrence
grade>2.

In addition to baseline factors, it is important to con-
sider that various activities of SC may also exert an influ-
ence. Milgram et al. [17] classified SC into 3 stages. In
Stage 1, metaplasia occurs in the synovial membrane
without the presence of loose bodies. In Stage 2, pro-
gressive metaplasia results in the detachment of partially
surrounded loose bodies by a synovial membrane. In
Stage 3, metaplastic activity of the synovial membrane
is restrained and multiple loose bodies can be observed
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within the joint. Boyer et al. [9] categorized patients into
an active group (stage 1 and 2) and a quiescent group
(stage 3), and compared the clinical outcomes. How-
ever, the recurrence rate was comparable between the
two groups. Similar results were also found in the pre-
sent study, as there was no significant difference in the
proportions of Milgram stage 2 and 3 between patients
who underwent revision and primary arthroscopy. In our
clinical practice, loose bodies and pathological synovium
containing gelatinous material were frequently observed
under arthroscopy in a majority of patients from the revi-
sion group. Furthermore, we observed that revision sur-
gery was performed in 8 out of 12 patients (66.7%) who
presented radiographic recurrence within a 2-year period
following primary arthroscopy. Although the correlation
between various pathological features and recurrence
remains unclear, we recommend surgeons to perform
regular follow-up, particularly during the initial 2 years
following primary surgery for these patients.

Interestingly, we observed a high prevalence of cam-
type impingement concomitant to SC. FAIS is an abnor-
mal contact between the proximal aspect of the femur
and the acetabulum, which causes similar symptoms to
SC such as hip pain and joint stiffness [2, 5]. Although
idiopathic anatomic abnormalities of the femoral neck
and the acetabulum are the most common causes of the
cam- and the pincer-type impingement respectively, vari-
ous etiologies have been proposed as causes of second-
ary FAIS. Concurrent presentation of SC and FAIS was
observed in a subset of patients, as evidenced by radiog-
raphy and arthroscopy [4, 5, 31]. Abolghasemian et al. [5]
suggested that synovial inflammation at an early stage of
SC and subsequent interposition of loose bodies was sup-
posed to be the potential mechanisms underlying FAIS.
Generally, residual cam-impingement was an important
factor related to persistent hip pain and the result of revi-
sion surgery [32]. In the present study, a relative high rate
of patients underwent femoroplasty during the revision
process. However, no significant difference was found in
Alpha angle and LCEA between the two groups, which
suggested that impingement may not be the primary fac-
tor contributing to revision surgery rather than SC. We
proposed that the cam-type impingement may be a sub-
sequent condition of SC, while this topic still requires
further study with dynamic radiographic examinations.
Nevertheless, patients should be informed the poten-
tial risk of concomitant FAIS, and the necessity of more
extensive surgery for treating both SC and FAIS.

Overall, the present study provided compelling evi-
dence through the utilization of multiple validated PROs,
facilitating comprehensive assessment of hip function
across various dimensions. The results revealed that
patients could expect significant improvements in their
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clinical outcomes following revision arthroscopy for
treating hip SC. However, it is crucial for surgeons to
provide critical context to these patients, as they may not
experience the same level of satisfaction with their post-
operative results comparing to primary arthroscopy.

Limitations

Several limitations in the present study must be acknowl-
edged. Due to the retrospective nature of the study, selec-
tion and recall bias were inevitable. The sample size was
relatively small and under power due to the rarity of SC.
A prior power analysis was performed given the match-
ing ratio to be 1:4, MCID of mHHS to be 8, and the
standard deviation to be 10. A total of 80 patients were
required to achieve a power of 0.8 when alpha was set as
0.05. Caution should be exercised when interpreter the
results of comparison of clinical outcomes and achieve-
ment of clinical thresholds between the two groups, as
there was a risk of beta error. Further study with a larger
sample size and longer follow-up period was required in
the future. The surgical technique applied in the present
study necessitates extensive experience. Caution should
be exercised when generalizing the outcomes to the
entire population who underwent revision arthroscopy
for hip SC. In the revision group, only 5 patients under-
went primary arthroscopy at our institute. Therefore,
we only collected preoperative and intraoperative data
before and during the revision arthroscopy for this group.
Although we considered SC as the most prominent fac-
tor for persistent pain and requirement of surgery in this
cohort, over half of patients presented concomitant FAIS.
Therefore, further study should include patients with iso-
lated SC to eliminate the effect of FAIS.

Conclusion

Patients undergoing revision arthroscopy for hip SC
presented favorable clinical outcomes at minimum of
2-year follow-up, although the postoperative PROs, rate
of achieving MCID, and PASS were lower compared to
patients undergoing primary arthroscopy.
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