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Hip Arthroscopy for Femoroacetabular Impingement
Syndrome Results in 2 Recovery Patterns Based on
Preoperative Pain and on Arthritis: Improvers and

Non-improvers

Maarten A. Röling, M.D., Brechtje Hesseling, M.Sc., Nina M. C. Mathijssen, Ph.D., and

Rolf M. Bloem, Ph.D.
Purpose: To analyze whether subgroups of patients could be distinguished with different functional recovery trajectories
after hip arthroscopy for femoroacetabular impingement (FAI) syndrome and to identify differences between those
subgroups using data from our prospective cohort registration. Methods: We retrospectively reviewed the prospectively
registered data of patients who had undergone hip arthroscopy for FAI syndrome in our clinic from 2015 through 2018.
Latent class growth modeling and growth mixture modeling were used to identify and classify groups of patients according
to the trajectory of functional recovery using the Hip Outcome ScoreeActivities of Daily Life (HOS-ADL). We used
univariable analysis and descriptive statistics to explore whether differences in group membership could be identified.
Results: A total of 100 patients were analyzed. Growth mixture modeling identified 2 main types of recovery pattern
after surgery: patients in whom the HOS-ADL improved significantly after surgery to 90, whom we called the “improvers”
(with fast initial improvement within 3 months that is maintained during follow-up), and patients who did not signifi-
cantly benefit from surgery (with only mild improvement in the HOS-ADL at 3 months and no further change during
follow-up), whom we called the “non-improvers.” Univariable analysis and comparison of differences between subgroups
showed higher preoperative visual analog scale scores for pain and more intraoperative arthrosis of the femoral head for
the non-improvers. Conclusions: We identified 2 main types of recovery pattern after arthroscopic treatment of
FAI syndrome: improvers and non-improvers. Both groups recover in a different manner postoperatively. Preoperative
pain and intraoperative arthrosis of the femoral head differed in the non-improvers compared with the improvers. Level
of evidence: Level III, retrospective cohort study.
rthroscopic surgery to resolve cam- and pincer-
Atype morphology causing femoroacetabular
impingement (FAI) syndrome has been recognized as
an effective treatment with good to excellent results.1

Most patients recover well in terms of regaining the
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prior sports level, pain reduction, and functional out-
comes.2-5 As with any operative procedure, multiple
studies have emphasized proper patient selection for
achieving good operative results because not all patients
experience optimal recovery, which can lead to poor
outcomes or even revision of the procedure.6-8 It is
important to better understand differences between
patients in how they respond to and recover from hip
arthroscopy to further improve functional outcomes.
Statistical techniques that are increasingly being used
for this matter are latent class growth modeling
(LCGM) and growth mixture modeling (GMM).9 These
are an extension of latent growth curve modeling, or
the mathematical equivalent, which is a mixed or
multilevel model.10 A mixed model applied to longi-
tudinal data allows for estimating the degree of het-
erogeneity between patients in recovery trajectories by
estimating the random slope variance.11 This is a
suitable method to investigate heterogeneity in a
ol 3, No 5 (October), 2021: pp e1481-e1490 e1481
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patient cohort in change patterns for outcome results
and performs subgrouping based on pattern recognition
with high accuracy. This statistical method enables us to
identify different types of recovery patterns in sub-
groups in a cohort of patients.12-14 Previous and recent
applications have, for instance, analyzed subgroups of
patients according to their hip function trajectory dur-
ing the first 6 weeks after total hip arthroplasty.15 Other
applications have addressed the wide variety in pa-
tients’ responses to total knee arthroplasty or cardiac
rehabilitation.16,17 To our knowledge, no other study
has used such a model to examine changes in patient-
reported outcomes (PROs) after hip arthroscopy for
FAI syndrome.
We applied LCGM and GMM to prospectively

collected data of patients operated on for FAI syndrome
using hip arthroscopy to determine subgroups of pa-
tients according to their functional outcome results, as
measured with the Hip Outcome ScoreeActivities of
Daily Life (HOS-ADL). Furthermore, we set out to
determine associations of group membership with
preoperative and intraoperative parameters.
The purposes of this study were to analyze whether

subgroups of patients could be distinguished with
different functional recovery trajectories after hip
arthroscopy for FAI syndrome and to identify differ-
ences between those subgroups using data from our
prospective cohort registration. Our hypotheses were
that at least 2 subgroups with different functional
recovery trajectories could be identified and that
several differences could be identified by comparing
groups.

Methods

Data Collection
We retrospectively reviewed prospectively registered

data of patients who had undergone hip arthroscopy for
FAI syndrome in our clinic from 2015 through 2018.
Loss to follow-up was reported. Patients were selected
to undergo elective hip arthroscopy for FAI syndrome
according to our local protocol. The inclusion criteria in
this protocol are as follows: diagnosis of FAI syndrome
(according to the Warwick Agreement),5 that is, posi-
tive clinical assessment findings with positive test
results for FAI,18 as well as radiologic assessment find-
ings conclusive for FAI (with cam and/or pincer
morphology on radiography and/or a labral tear on
magnetic resonance imaging); age 18 to 65 years;
conservative management initially (with strengthening
physiotherapy for at least 3 months, lifestyle changes,
and nonsteroidal anti-inflammatory drugs); suitability
for surgery (after consultation with the anesthesiologist
regarding any contraindications for surgery); and will-
ingness of patient to participate and sign the informed
consent form. The exclusion criteria were signs of
progressive osteoarthritis (Tönnis grade > 2), revision
hip arthroscopy, or metastatic pathologic disease.
The study protocol (No. METCZWK 12-083) was

assessed by our regional medical ethical committee,
which decided that the study did not fall under the
scope of the Medical Research Involving Human Sub-
ject Act because of the minimal burden on patients in
comparison to regular care. The trial was registered in
the Netherlands Trial Register (NTR6792). Arthroscopic
surgery was performed by an experience orthopaedic
surgeon (RMB) in a large educational hospital in Delft,
the Netherlands.
After informed consent was obtained, all patients

were asked to fill in PRO questionnaires preoperatively
and postoperatively at 3, 12, and 24 months. The pa-
tient assessment did not differ from normal clinical
practice according to our local protocol.
Patient data were includedwith a postoperative follow-

up and data registration period of 24 months. Obtained
data comprised patient characteristics (age, sex, body
mass index [BMI], American Society of Anesthesiologists
score, length of complaints in years, preoperative di-
agnoses [cam morphology, pincer morphology, or labral
tear], and signs of osteoarthritis [Tönnis grading]); pre-
operative range of motion of the hip joint; intra-
operatively identified pathologies of the central and
peripheral compartments; and several preoperative and
postoperative questionnaires. All patientswere physically
examined for complications postoperatively, as well as at
6 weeks, 3 months, and 12 months. The PRO question-
naires included a visual analog scale (VAS) for pain, the
HOS-ADL, the Hip Outcome Score (HOS)eSport, and the
EuroQoL-5D (EQ5D-5L) for mobility for preoperative
and postoperative assessment, as well as the
4-Dimensional Symptom Questionnaire (4-DSQ) at the
postoperative assessment.
The VAS pain score uses a VAS with a 10-cm-wide

range; the score ranges from 0 to 100. On the VAS,
patients point out the amount of pain they have, with
0 indicating no pain and 100 indicating the worst
possible pain.
The EQ5D-5L is a standardized instrument developed

by the EuroQol Group19 as a measure of health-related
quality of life that can be used in a wide range of health
conditions. It contains 5 domains, with 1 VAS for
overall health outcome.
The HOS is subdivided into 2 domains: HOS-ADL and

HOS-Sports. The HOS-ADL is based on 17 questions,
graded from 1 to 4 points, with a minimum of 17 points
and a maximum of 68 points. The HOS-ADL is calcu-
lated as a percentage of the maximum of 68 points. The
higher the score, the better the outcome. The minimal
clinically important difference (MCID) is a common
tool used to determine the smallest change in a treat-
ment outcome that a patient would benefit from and
identify as important. The MCID of the HOS-ADL at 12



Table 1. Patient Characteristics

Characteristic Data (N ¼ 100)

Sex
Female 60 (60)
Male 40 (40)

Age, mean (SD) [range], yr 39.2 (10.9) [17-63]
BMI, mean (SD) [range] 25.5 (3.5) [18-35]
ASA class
1 71 (71)
2 29 (29)

Years of pain, mean (SD) [range] 3.0 (3.4) [0-19]
Preoperative Tönnis grade
0 44 (44)
1 45 (45)
2 11 (11)

Intraoperative hip pathology
Cam 52 (52)
Pincer 22 (22)
Labral tear 83 (83)
Cartilage damage of head 30 (30)
Cartilage damage of acetabulum 42 (42)

NOTE. Data are presented as number (percentage) unless otherwise
indicated.
ASA, American Society of Anesthesiologists; BMI, body mass index;

SD, standard deviation.
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months is 23, as reported by Chahal et al.20; they also
concluded that an HOS-ADL of 80 or greater can be
considered a good outcome score.

Surgical Technique
Patients were operated on in the supine position

under general anesthesia. A traction table was used for
subluxation of the hip joint, with fluoroscopic guidance.
Two to three portals were inserted into the hip joint to
adequately visualize and inspect the central compart-
ment and the peripheral compartment for pathology, as
described by Bond et al.21 Labral tears, focal chondr-
opathy, loose bodies, pincer morphology, and periph-
eral cam morphology were identified and treated
accordingly. Labral tears were repaired if possible or
debrided otherwise. Cam and/or pincer morphologies
were resected until impingement seemed resolved in
flexion and with rotation of the hip joint using
fluoroscopy. Focal chondropathy was treated with
microfracture if suitable.

Statistical Analyses
We used IBM SPSS Statistics (version 21.0; IBM,

Armonk, NY) for the descriptive statistics of our overall
sample, for data cleaning and analysis, and for analyzing
differences between the final subgroups. To analyze
whether subgroups could be distinguished in our cohort,
on the basis of the trajectories of HOS-ADL outcomes, we
used Mplus22 (version 8.1; Muthén & Muthén, Los
Angeles, CA) to perform 1-class to 6-class LCGM ana-
lyses in the form of latent class growth analysis and
GMM. For all models, we specified a latent basis model
for the growth pattern; the first measurement (preop-
eratively) and last measurement (24 months post-
operatively) were fixed to 0 and 1, respectively, and the
second and third measurements (3 and 12 months
postoperatively, respectively) were estimated freely.
These estimated average slopes in our models represent
the amount of change between the first and last mea-
surements. In addition, the estimated factor loading of
the second measurement explains how much of that
change occurred at the 3-month (thus, the second)
measurement and 12-month (thus, the third) mea-
surement. The latent class models were independent
from other variables. We based our models on a combi-
nation of visual inspection of the plots, interpretability
and clinical meaningfulness of the model, and the
following relative fit statistics: Bayesian information
criterion, Akaike information criterion, adjusted
Bayesian information criterion (in which lower values
indicate a betterfit), and entropy (inwhich higher values
indicate higher confidence in the correct classification of
individuals).14

A univariable analysis was performed with the
R3STEP procedure in Mplus. We chose the largest
subgroup of patients a priori as the reference category.
Differences between the 2 groups were compared for
several factors using descriptive statistics (independent
t test, Student t test, and c2 test). The tested factors were
based on the literature.6-8

Predictors
On the basis of the aforementioned literature6-8

regarding risk factors, the following potential predictors
were considered: age (subdivided into <30, 30-50, and
>50 years), sex, BMI (subdivided into 25-30 and >30),
American Society of Anesthesiologists classification,
years of pain, preoperative Tönnis grade (radiographic
findings of osteoarthritis), baseline PRO scores (VAS
score for pain at rest and painwith activity andHOS), and
intraoperative hip pathology (cartilage damage of
acetabulum or femoral head, labral tear, pincer
morphology, and cammorphology). The predictorswere
either continuous (age, years of pain, BMI, and PRO
outcomes), dichotomous (sex), or categorical (operation
indication, Tönnis grade, and intraoperative pathology)
and were used as such.

Results

Patient Characteristics
From 2015 through 2018, 190 patients received a

diagnosis of FAI and were selected for surgery. Revision
arthroscopy was performed in 22 patients, who were
therefore excluded. Thus, 168 patients were eligible for
participation. Of these patients, 14were lost to follow-up,
which resulted in a total of 154 patients being included in
this study. Patient characteristics are presented in Table 1.
Because ofmissing data for 1 ormore HOSmeasurement



Table 2. VAS Pain Score, HOS-Sports, and HOS-ADL at Baseline and During Follow-up

Baseline 1- yr Follow-up 2-yr Follow-up P Value*

VAS pain score (0-100) 63.1 (23.8) 13.2 (1.6) NA <.001
HOS-Sports 51.1 (24.4) 76.6 (24.11) 73.7 (24.05) <.006
HOS-ADL 65.7 (20.1) 88.2 (13.8) 86.0 (14.3) <.001

NOTE. Data are presented as mean (standard deviation).
HOS, Hip Outcome Score; HOS-ADL, Hip Outcome ScoreeActivities of Daily Life; NA, not asked; VAS, visual analog scale.
*Significance level set at P < .05 using paired t test.
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questions for several patients, data for analysis in
Mpluswere complete for 100patients in total. Descriptive
statistics for the PRO scores (VAS pain score, HOS-Sports,
and HOS-ADL) are presented in Table 2.

Selection of Best Model
We based our models on several model fit statistics,

presented in Table 3. On the basis of these criteria, we
chose the 2-class GMM as our final model in recovery
trajectory. Although the fit statistics continued to
decrease up to the 6-class model, this decrease already
started to flatten out from the 2-class model and up-
ward (Fig 1). This finding indicates that from the 3-class
model and further upward, the new classes did not
increase the clinical meaningfulness of the model
because they were mostly slight variations of the classes
from the 2-class model. All GMMs showed the same
type of trajectory: one fairly homogeneous class with a
good improving model for functional recovery, as well
as one or more other models with only minor
improvement, no improvement, or even a minor
decrease in functional outcome, with a wide range of
outcome results. These minor improvements or de-
creases in outcome score (HOS-ADL) were all small
and below the MCID of 23 points.20 The smaller
classes became smaller and more heterogeneous from
the 3-class models upward, thereby limiting its clinical
meaningfulness. In addition, from the 4-class model
upward, errors occurred in analysis owing to local
maxima, indicating the possibility that the results from
those models may not be trustworthy. The estimations
of the factor loadings (i.e., the percentages at 3 and 12
months of the total change) are therefore unreliable;
these models were not suitable for our data (Table 4).
Adding more classes to the 2-class model did not
Table 3. Summary of Model Fit Statistics

Model: GMM LL BIC AIC A

1 Class e1,599.779 3,250.215 3,221.558
2 Classes e1,567.497 3,208.677 3,166.994
3 Classes e1,546.976 3,190.66 3,135.951
4 Classes e1,536.912 3,193.558 3,125.824
5 Classes e1,532.085 3,206.93 3,126.17
6 Classes e1,519.216 3,204.218 3,110.432

AIC, Akaike information criterion; BIC, Bayesian information criterio
modeling; LL, log likelihood.
improve the model; therefore, we chose the 2-class
model, as shown in Fig 1.

Trajectory Patterns
We labeled the first class as the “improvers” because

this classdthe largest (78 patients)dwas portrayed by a
steep improvement in HOS-ADL values during the first
3 months, starting at a baseline score of 68.5; the HOS-
ADL values subsequently leveled out after 1-year
follow-up. At 24 months, the improvers reached 92.2
on the HOS-ADL, which is defined as a good result.20

A more detailed figure of the first class showed a wide
range mainly in the start at baseline. All patterns
showed the same type of positive recovery during
follow-up (Fig 2).
The second class consisted of 22 patients and was

labeled as the “non-improvers.” This class showed a
minor improvement in HOS-ADL values, lower than
the MCID of 23, starting from a mean estimated base-
line score of 62.6 and ending with a mean estimated
score of 65.5. The largest part of this improvement
occurred during the first 3 months after surgery. During
follow-up, there was only minor improvement in the
HOS-ADL at 2 years compared with preoperative
scores: a 3-point improvement to a score of 62, which is
a noneclinically relevant difference (below the MCID)
and less than 80% of the total HOS-ADL value, which
was defined by Chahal et al.20

The second class showed a wider range in recovery
patterns, which is projected in Fig 3. Figs 2 and 3
demonstrate that some observed individual values are
not a perfect fit to the estimated trajectory within its
class. However, homogeneity within the classes did not
improve when adding classes to the model, as described
in the “Methods” section.
djusted BIC BLRT Entropy No. of Free Parameters

3,215.474 d d 11
3,158.145 d 0.87 16
3,124.336 d 0.878 21
3,111.444 d 0.875 26
3,109.025 d 0.867 31
3,090.521 d 0.914 36

n; BLRT, bootstrapped likelihood ratio test; GMM, growth mixture



Figure 1. Estimated means and sample means of selected 2-class model, which were named improvers and non-improvers for
recovery trajectory: 1 good recovering class and 1 fairly poor recovering class. (HOS-ADL, Hip Outcome ScoreeActivities of
Daily Life.)
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Class Membership Based on Patient Characteristics
The overall patient characteristics are presented in

Table 1. Univariable analysis and comparisons of means
Table 4. Model Parameter Factor Loading at 3 and 12 Months, I

Model and Class
Factor Loading of
HOS at 3 mo

Factor Loading of
HOS at 12 mo

1-Class GMM 0.719 (0.062) 1.115 (0.055)
2-Class GMM

Class 1 0.635 (0.063) 1.060 (0.049)
Class 2 1.917 (1.099) 3.092 (1,754)

3-Class GMM
Class 1 0.740 (0.078) 1.43 (0.032)
Class 2 1,739 (0.461) 2.662 (0.520)
Class 3 0.246 (0.214) 1.477 (0.158)

4-Class GMM
Class 1 0.815 (0.182) 0.986 (0.032)
Class 2 1.962 (0.643) 2.250 (0.457)
Class 3 0.393 (0.182) 1.238 (0.114)
Class 4 0.472 (0.247) e0.051 (0.167)

5-Class GMM
Class 1 0.865 (0.048) 1.103 (0.027)
Class 2 1.181 (0.234) 2.486 (0.440)
Class 3 0.276 (0.094) 1.190 (0.069)
Class 4 e0.571 (0.940) 0.614 (0.750)
Class 5 0.723 (0.256) e0.063 (0.261)

6-Class GMM
Class 1 2.261 (0.690) 2.939 (0.567)
Class 2 0.699 (0.106) 1.038 (0.031)
Class 3 0.516 (0.231) 1.419 (0.231)
Class 4 * *
Class 5 0.506 (0.318) e0.263 (0.212)
Class 6 0.535 (0.208) 0.307 (0.240)

GMM, growth mixture modeling; HOS, Hip Outcome Score; SE, standa
*Owing to an error in the calculations, the best log-likelihood value was

maxima, and 1 or more parameters were fixed to avoid singularity of the
and differences in several factors were used to identify
differences between classes. The improver class was
chosen as the reference category.
ntercept, Slope, and Class Size

Intercept (SE) Slope (SE)
Patients
per Class

65.642 (1.998) 20.263 (2.028) 100

68.496 (2.387) 23.665 (2.864) 78
62.575 (7.005) 2.902 (2,977) 22

71.599 (3,143) 25,147 (3,236) 46
59.323 (4.048) 3.431 (2,333) 20
72.287 (4.634) 9.828 (4.358) 34

71.910 (2.886) 26.604 (3.047) 49
38.212 (5.277) 10.934 (6.483) 5
62.510 (5.945) 20.506 (6.995) 33
68.485 (3.452) 0.003 (5.064) 13

72.039 (2.934) 23.785 (3.113) 47
54.253 (4.432) 6.054 (3.463) 14
58.670 (4.613) 27.481 (4.738) 27
77.634 (17.115) e23.264 (12.863) 2
73.543 (4.533) 9.334 (4.461) 10

39.598 (4.819) 8.797 (6.075) 5
70.703 (2.781) 26.178 (2.763) 47
63.812 (7.139) 16.561 (6.695) 22

* * 0
68.626 (2.535) e2.125 (3.275) 13
79.895 (3.097) 11.010 (4.346) 13

rd error.
not replicated. The solution may not be trustworthy because of local
information matrix.



Figure 2. Observed individual values and estimated means for class 1: improvers. (HOS-ADL, Hip Outcome ScoreeActivities of
Daily Life.)
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In the univariable analysis (Table 5), the following
variables were statistically significant for membership in
the non-improver class: high VAS pain score preoper-
atively (P ¼ .007) and intraoperative arthrosis of the
femoral head (P ¼ .025). We compared means and
differences in several factors of both groups as
mentioned in the “Methods” section using descriptive
statistics. The results are presented in Table 6.
Figure 3. Observed individual values and estimated mean
ScoreeActivities of Daily Life.)
Discussion
We identified 2 main subgroups with different func-

tional recovery trajectories in our sample of 154
patients operated on for FAI syndrome with hip
arthroscopy. We named the subgroups the improvers
and the non-improvers. On the basis of our results us-
ing the HOS-ADL as an outcome measure, the im-
provers can be seen as having an ideal recovery
s for class 2: non-improvers. (HOS-ADL, Hip Outcome



Table 5. Outcomes of Univariable Analysis With Non-improver Class Membership as Dependent Variable

Predictor Or (95% CI) P Value

Sex (F ¼ 1, M ¼ 0) 1.634 (0.547-4.878) .378
Age > 50 yr (vs age < 30 yr) 1.274 (0.250-6.481) .770
Age of 30-50 yr (vs age < 30 yr) 1.017 (0.258-4.003) .981
Obesity based on BMI > 30 (vs BMI < 25) 0.529 (0.044-6.380) .616
Overweight based on BMI of 25-30 (vs BMI < 25) 1.804 (0.608-5.354) .288
ASA class 2 (vs ASA class 1) 2.134 (0.723-6.296) .169
Years of pain 0.963 (0.843-1.101) .587
Tönnis grade 1 preoperatively (vs grade 0) 2.298 (0.742-7.120) .149
Tönnis grade 2 preoperatively (vs grade 0) 1.192 (0.180-7.904) .855
Arthrosis of femoral head intraoperatively diagnosed 3.442 (1.164-10.174) .025*
Arthrosis of acetabulum intraoperatively diagnosed 1.217 (0.432-3.424) .710
Labral tear intraoperatively diagnosed 0.892 (0.233-3.416) .867
Pincer morphology intraoperatively diagnosed 1.061 (0.310-3.625) .926
Cam morphology intraoperatively diagnosed 0.694 (0.247-1.950) .488
VAS score for pain at rest 1.025 (1.007-1.044) .007*

ASA, American Society of Anesthesiologists; BMI, body mass index; CI, confidence interval; F, female; M, male; OR, odds ratio; VAS, visual
analog scale.
*Statistically significant (P < .05).
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trajectory for FAI syndrome patients. The non-
improvers can be seen as having a less favorable
trajectory because postoperative recovery is lower in
this class. By use of univariable analysis and descriptive
statistics, differences between the improvers and non-
improvers were found in the preoperative VAS score
for pain at rest and for intraoperative cartilage damage
of the femoral head. Multivariable analysis cannot be
performed because our cohort is too small to be able to
draw definitive conclusions from such an analysis.
Table 6. Differences Between Improver and Non-improvers Subg

Characteristic Improve

Female sex 45
Age < 30 yr 15
Age of 30-50 yr 48
Age > 50 yr 15
Age, mean (SD), yr 38.59
BMI < 25 36
BMI of 25-30 34
BMI > 30 8
BMI, mean (SD) 25.47
ASA class 1 58
ASA class 2 20
Tönnis grade 0 intraoperatively 37
Tönnis grade 1 intraoperatively 32
Tönnis grade 2 intraoperatively 9
Years of pain, mean (SD) 3.07
VAS score for pain at rest preoperatively, mean (SD) 36.64
VAS score for pain while active preoperatively, mean (SD) 62.03
Intraoperative diagnosis

Cam 42
Pincer 17
Labral tear 65
Cartilage damage of head 19
Cartilage damage of acetabulum 32

NOTE. Data are presented as number (percentage) unless otherwise ind
ASA, American Society of Anesthesiologists; BMI, body mass index; SD
*Tested with independent t test and c2 test.
yStatistically significant (P < .05).
Other studies have identified certain variables with
varying effects on functional outcomes after FAI syn-
drome surgery, such as female sex, higher age, labral
tears, pincer morphology, cartilage degeneration, chon-
dral defects, acetabular coverage (high lateral center-
edge angle), and femoral pistol-grip deformity.7,23-26

We could not define the true influence of any of these
variables on class membership because multivariable
analysis was not feasible. In a larger cohort, such an
analysis is feasible. For example, Hesseling et al.9 used
roups

rs (n ¼ 78) Non-improvers (n ¼ 22) Significance: P Value*

(58) 15 (68) .375
(19) 4 (18) .912
(62) 13 (59) .835
(19) 5 (23) .717
(11.00) 41.27 (10.57) .311
(46) 8 (36) .392
(44) 13 (59) .392
(10) 1 (5) .392
(3.6) 25.69 (3.26) .799
(74) 13 (59) .163
(26) 9 (41) .163
(47) 7 (32) .192
(41) 13 (49) .133
(12) 2 (9) .746
(3.60) 2.72 (2.39) .666
(27.20) 53.82 (25.64) .009y

(24.78) 66.91 (20.20) .399

(54) 10 (45) .487
(22) 5 (23) .926
(83) 18 (82) .867
(24) 11 (50) .020y

(41) 10 (45) .710

icated.
, standard deviation; VAS, visual analog scale.
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LCGM to study a cohort of over 6,000 patients and found
multiple predictors of functional recovery trajectories
after total hip arthroplasty.
An important finding of our study is that the GMM

identifies subgroups of patient recovery patterns
after arthroscopic surgery for FAI. This is a type of
postoperative functional outcome analysis, which
identifies subgroups in their recovery. This study
identified 1 clearly superior recovery model. Unfortu-
nately, this data set did not include enough patients to
properly identify risk factors for group membership
with a multivariable regression analysis. Larger cohort
studies must be analyzed with LCGM or GMM to
identify covariates for class membership. This future
research might be able to improve the understanding of
how class membership differs and whether patients can
preoperatively be “upgraded” to be able to join the
favorable class.
Arthroscopic surgery for FAI syndrome can signifi-

cantly resolve pain and impairment in patients.1,27,28

However, not all patients benefit equally from sur-
gery. Careful patient selection for surgery is important
to obtain good results in patients in terms of functional
recovery and pain relief. We identified differences in
intraoperative cartilage damage of the femoral head
and the preoperative pain score between the groups.
This finding is understandable: More cartilage damage
of the femoral head causes higher levels of preoperative
pain in patients and cannot be repaired with surgery,
therefore causing more pain afterward with poorer
outcomes in terms of functional results. This GMM
study confirms that cartilage damage is a risk factor for
poor recovery and shows the difference in recovery
pattern.
Our study can be seen as an exploratory study and is an

important step in achieving a better understanding of the
amount of heterogeneity in FAI patients’ recovery after
hip arthroscopy. The outcome can be used a guidance
tool in patient selection and counseling of patients
regarding their expectation management for recovery
after surgery. It is known that preoperative expectations
can affect satisfaction after surgery.29 Parameters that
can help to predict the outcome of surgery are helpful in
preoperative expectation management. This, in turn,
might help to improve the outcome of surgery. For
example, when patients have severe preoperative pain,
represented by a high VAS score for pain at rest
preoperatively, it can be helpful to counsel patients that
persisting symptoms of pain can be maintained
postoperatively.
We identified 2 different subgroups based on different

trajectory outcomes, whichwere based on the functional
improvement postoperatively measured with the HOS-
ADL. A significant improvement in the HOS-ADL is
defined as a total score greater than 80 or as improve-
ment that exceeds the MCID defined by Chahal et al.,20
which is 23 at 12 months. The MCID is a common tool
used to determine the smallest change in a treatment
outcome that a patient would benefit from and
identify as important. The MCID of the HOS-ADL was
calculated at 23, as reported by Chahal et al. Other au-
thors, however, have usedMCIDs of 8.3 and 9 points for
the HOS-ADL (with a total of 68 points).30 It is not
entirely clear to us how these different MCID values can
be explained, besides pointing out differences in the
cohort size (130patients in the cohort of Chahal et al. and
364 patients in that of Nwachukwu et al.30) and the
timing of MCID calculations (calculated at 3, 6, and 12
months by Chahal et al. and at 12 months by
Nwachukwu et al.).
The favorable recovery pattern (improvers) had a

recovery in HOS-ADL values to over 90. The
improvement from 68.5 to 92.2 is slightly higher than
the MCID of 23 for the HOS-ADL as defined by Chahal
et al.20 and is much larger than the MCIDs of 8.3 and 9
points as defined by Nwachukwu et al.30 and Martin
and Philippon.31

Another parameter for measuring successful recovery
is the VAS score for pain. The overall improvement in
VAS pain scores in our cohort was from 4.1 to 1.7,
which is a decrease of 2.4. The MCID for the VAS pain
score was calculated as 1.48.32 Overall, the improver
trajectory can be considered a successful recovery.
Another point of discussion in our study is that we

used the HOS-ADL as the primary outcome. Several
PRO questionnaires are available and can be used to
measure functional outcomes after hip arthroscopy.
These PRO questionnaires were designed and used to
measure end scores for recovery after surgery. We tried
to identify trajectories of recovery and not only the
endpoints. In this study, we had to choose 1 specific
questionnaire. Another questionnaire that could have
been used is the International Hip Outcome Tool 12
(iHOT-12). We did not include the iHOT-12 question-
naire from the beginning of our registration; therefore,
we did not have complete data for this questionnaire.
The iHOT-12 questionnaire is now, however, included
in our daily practice.
A strength of this study is the unique analysis of re-

covery trajectories, thereby providing a more detailed
understanding of the degree of variation between
patients in recovery after hip arthroscopy for FAI syn-
drome. We used data from all patients, including those
with poor outcomes after surgery.

Limitations
Our study is not without limitations. One limitation is

our rate of loss to follow-up: Of 168 initial patients
suitable for study participation, 14 were lost to follow-
up. The percentage lost to follow-up is acceptable but
given that a less than 5% rate of loss to follow-up can
lead to a small amount of bias,33 this must be taken into



RECOVERY PATTERNS AFTER HIP ARTHROSCOPY e1489
account in our study. In addition, in our study, many
patients had incomplete questionnaires during follow-
up. A total of 54 patients had incomplete question-
naires, which could not be handled other than by
exclusion from our data analysis. Because of this
incompleteness of our data, a total of 100 patients were
analyzed. We consider this a clear limitation in our data.
Another limitation is that our sample size was not large
enough to perform amultivariable regression analysis to
truly identify risk factors for group membership.

Conclusions
We identified 2 main types of recovery pattern after

arthroscopic treatment of FAI syndrome: improvers and
non-improvers. Both groups recover in a different
manner postoperatively. Preoperative pain and intra-
operative arthrosis of the femoral head differed in the
non-improvers compared with the improvers. This
study is an exploratory study; these results and future
research can help surgeons in providing better preop-
erative consultations and expectation management.
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