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Patient-reported outcome of 95% of young patients
improves after primary total hip arthroplasty: identifica-
tion of 3 recovery trajectories in 3,207 patients younger
than 55 years from the Dutch Arthroplasty Register
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Background and purpose — Little is known about the
outcome after receiving total hip arthroplasty (THA), spe-
cifically in young patients. We identified different recovery
trajectories in young patients using data from the Dutch
Arthroplasty Register (LROI). We also explored whether
risk factors commonly associated with functional outcome
were associated with recovery trajectory.

Patients and methods — We used HOOS-PS score
data up to 1 year postoperatively from the LROI from all
patients younger than 55 years who received a primary THA
between 2014 and 2019. To investigate whether different
recovery trajectories could be distinguished, we performed
latent class growth analysis (LCGA). Subsequently, we used
multinomial logistic regression analyses to explore factors
associated with class membership.

Results — 3,207 patients were included. LCGA identi-
fied 3 groups of patients: optimal responders (75%), good
responders (21%), and poor responders (4.7%). Female sex
(RR1.1;95% CI1.1-1.1), ASAII (RR 1.1; CI 1.0-1.1),ASA
HI-IV (RR 1.1; CI 1.0-1.2), smoking (RR 1.1; CI 1.0-1.1),
cemented fixation (RR 1.2; CI 1.1-1.2), and a 22-28 mm
head diameter (RR 1.1; CI 1.0-1.2) were associated with
“good responder” class membership. ASA II (RR 1.1; 1.0-
1.2), ASA III-IV (RR 1.2; 1.1-1.3), smoking (RR 1.2; CI
1.1-1.2), and hybrid fixation (RR 1.2; CI 1.0-1.2) were asso-
ciated with “poor responder” class membership.

Interpretation — 3 recovery trajectories could be iden-
tified. Female sex, higher ASA classifications, smoking,
cemented or hybrid fixation, and small head diameter were
associated with a suboptimal result after primary THA in
young patients. These findings can aid in the process to deter-
mine which patients are at risk of a suboptimal outcome.

Around 10-20% of total hip arthroplasty (THA) patients do
still report pain and functional disability after THA (1-3).
This indicates the existence of different recovery trajectories
between patients after THA.

Several reviews report on possible risk factors for a less
favorable outcome of THA, such as increased BMI or worse
preoperative functioning (4,5). However, results of studies
included in these reviews are conflicting. To further evalu-
ate the outcome of THA, it is of importance to have a better
understanding of differences in response patterns between
patients. A suitable statistical method to gain insight into dif-
ferent patterns in the response after THA is latent class growth
modelling (LCGM) (6,7). Only a few studies within the field
of orthopedics have used this method to assess possible differ-
ences in postoperative response patterns (8,9). However, these
studies did not focus on young patients.

THA is used increasingly in young patients (< 55 years),
and this number will grow in the coming years (10). The out-
come of THA in these young patients is, in terms of prosthe-
sis survival, inferior when compared with older age groups
(11,12). However, for these young patients, functional out-
come is of even more importance, as these patients want to
return to work, sports, and physical and social activities in
their daily life (13).

Therefore, we identified recovery trajectories in young
patients according to their reported pain, functionality, and
physical ability after THA using data from the Dutch Arthro-
plasty Register (LROI). Additionally, we explored whether
risk factors commonly associated with functional outcome
were associated with recovery trajectory.
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Patients and methods

The LROI (Dutch Arthroplasty Register) is a nationwide pop-
ulation-based register collecting data on joint arthroplasties.
Initiated by the Netherlands Orthopaedic Association, data
collection started in 2007. The database has coverage of all
Dutch hospitals, a completeness of over 95% of primary THA
and 88% for revision arthroplasty (14), and 99% for primary
THA and 97% for revision THA in recent years (15). Large-
scale collection of hip-specific and general health-related
patient-reported outcome measures (PROMs) was initiated in
2014. As recommended by the Netherlands Orthopaedic Asso-
ciation, PROMs are only collected for patients with primary
osteoarthritis as diagnosis. Collecting PROMs of patients with
other diagnoses is optional. Hip-specific PROMs in the LROI
consist of the EuroQoL 5-Dimensions (EQ-5D-3L) question-
naire with EQ-5D index score and thermometer to measure
health perception and health-related quality of life, the Hip
disability and Osteoarthritis Outcome Score (HOOS-PS) to
assess physical functioning and disability, a numeric rating
scale (NRS) measuring pain during activity and at rest and an
anchor question (only measured postoperatively). Addition-
ally, the Oxford Hip Score (OHS) is collected in some hospi-
tals, but this score is optional (16).

Data collection

For this study, we obtained collected PROMs data from the
LROI from all patients younger than 55 years who received
a primary THA between January 1, 2014 and December 31,
2018 (n = 16,429). The outcome of interest of this study was
reported hip-specific problems measured with the Hip dis-
ability and Osteoarthritis Outcome Score—Physical function
Short form (HOOS-PS), as this PROM evaluates physical
functioning and disability, which is particularly important
for young patients (13). The HOOS-PS is a validated, hip-
specific, 5-item measure of physical functioning derived from
the items of activity during daily life, sports, and recreational
activities. The HOOS-PS aims to measure physical function-
ing with fewer items and similar validity compared with the
full-length measurement instrument (HOOS), resulting in a
decrease in burden of the responder and in administrative load
(17). The HOOS-PS ranges from 0 to 100. Lower scores indi-
cate a higher level of physical function (18,19).

As PROMs are only routinely collected from patients with
primary osteoarthritis, only patients with primary osteoar-
thritis as diagnosis were selected (n = 11,300). Patients were
asked to complete the HOOS-PS preoperatively (a maximum
of 182 days preoperatively), at 3 months postoperatively
(between 63 and 110 days), and at 12 months postoperatively
(between 323 and 407 days), where the ranges are defined by
the LROI. Patients who completed the HOOS-PS on at least
2 out of 3 time-points were included. Lastly, patients who
underwent a revision procedure within 1 year postoperatively

All primary THA in patients younger
than 55 years performed in the
Netherlands between 2014 and 2018
n=16,429

Excluded (n = 13,222):

- diagnosis other than osteoarthritis, 5,129

— missing HOOS-PS data at > 1 time point, 8,038
- revision within 1 year, 45

— head diamter = 38 mm, 9

- metal-on-metal bearing type, 1

Cases with complete HOOS-PS
data after multiple imputations
n = 3,207

Figure 1. Flowchart of inclusion of patients.

(n = 45), patients with a prosthesis head diameter = 38 mm (n
=9), and patients with metal-on-metal as bearing type (n = 1)
were excluded from the analysis (Figure 1), which resulted in
3,207 cases included in this study (28% of all patients < 55 in
the LROI).

Statistics

We performed multiple imputation by chained equations pro-
cedures using predictive mean matching to impute missing
values. 10 imputed datasets were created. Missing data ranged
from 0.03% for gender up to 16% for 12 months postoperative
HOOS-PS score (Table 1).

To investigate whether different recovery patterns could
be distinguished in the outcome of the HOOS-PS, we used
Mplus (version 8.4; https://www.statmodel.com) to perform
latent class growth analysis (LCGA). For the HOOS-PS, we
performed a 1-class to 4-class latent class growth model for
all 10 imputed datasets, as a model with more classes showing
only small variations in the same recovery pattern would be
less meaningful. As described by Ram and Grimm (20), we
based our model selection on a combination of visual inspec-
tion of the plots, considering interpretability and clinical
meaningfulness. Next, we examined the relative fit statistics
Bayesian Information Criteria (BIC), Akaike Information Cri-
teria (AIC), and Adjusted BIC, where a lower value indicates
a better fit for all statistics. Lastly, we evaluated the entropy
of the model, where a higher entropy (ranging from 0 to 1)
indicates a higher confidence in the correct classification of
individuals (20). On the basis of these considerations, we
chose the model that had the lowest relative fit statistics of the
models that still had good interpretability and clinical mean-
ingfulness, as well as an adequate entropy (> 0.80) as our final
model (20). A Lo-Mendell-Rubin (LMR) likelihood ratio
test was performed to compare the improvement in model fit
between 2 nested models. A significant LMR test indicates
that the model with k classes fits better compared with the
same model with k—/ classes (21). The quality of the model
in terms of average posterior probabilities for each trajectory
class was also assessed. Model estimates were presented with
their 95% confidence intervals (CI). Subsequently, we used
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Table 1. Patient and surgical characteristics of 3,207 included
cases. Values are count (%) unless otherwise specified

Factor Total Missing, n (%)
Age, mean (SD) 49 (5) 0(0.3)
Sex 1 (0.003)
Male 1,508 (47)
Female 1,698 (53)

BMI, mean (SD) 28 (5) 6 (0.2)

ASA 2(0.1)
I 1,394 (44)

Il 1,606 (50)
-1V 205 (6.4)

Smoking 53 (1.7)
No 2,551 (81)
Yes 603 (19)

Surgical approach 45 (1.4)

Posterolateral 1,685 (53)
Anterior 1,068 (33)
Anterolateral 156 (4.9)

Direct lateral 253 (7.9)

Fixation method 5 (0.5)
Uncemented 2,766 (86)

Cemented 164 (5.1)
Hybrid 74 (2.3)
Reversed hybrid 188 (5.9)

Head diameter, mm 72 (2.2)
22-28 482 (15)

32 1,879 (59)
36 774 (24)

Bearing type 115 (3.6)
Ceramic-on-polyethylene 1,938 (60)
Ceramic-on-ceramic 319 (9.9)
Metal-on-polyethylene 586 (18)
Zirconium-on-polyethylene 249 (7.8)

HOOS-PS score, mean (SD)

Preoperative 50 (16) 231 (7.2)
3 months postoperative 19 (14) 487 (15)
12 months postoperative 2(14) 524 (16)

OHS score, mean (SD)

Preoperative 23 (8) 564 (18)
3 months postoperative 39 (8) 853 (27)
12 months postoperative 42 (8) 892 (28)

EQ-index, mean (SD)

Preoperative 0.53 (0.28) 267 (8.3)
3 months postoperative 0.82 (0.20) 531 (17)
12 months postoperative 0.86 (0.20) 582 (18)

the ‘r3step’ procedure in Mplus to perform both crude and
adjusted multinomial logistic regression analyses on each of
the 10 imputed datasets, to explore whether risk factors com-
monly associated with functional outcome were associated
with class membership.

Risk factors were selected based on expert opinion and liter-
ature. Based on availability in the LROI, the following factors
were included: age, sex, BMI, ASA score, smoking status, sur-
gical approach, fixation method, head diameter, and bearing
type. Directed acyclic graphs were used to depict a possible
causal relationship between the risk factors selected, possible
confounding variables, and the outcomes. Confounding vari-
ables, as given in Table 4 and Figure 2 (see Supplementary
data), were selected based on the approach described by Shrier
and Platt (22).

The resulting regression coefficients of the 10 imputed
datasets were pooled using Rubin’s rule. Odds ratios were
converted to the corresponding relative risks (RR) using the
approach described by Zhang and Yu (23). Multiple imputa-
tion and pooling of regression coefficients was performed
using R version 4.1.3 (R Foundation for Statistical Comput-
ing, Vienna, Austria) with package ‘mice’.

Ethics, funding, data sharing, and potential conflict of
interest

Ethical approval was not applicable, as all data was received
anonymously. This study was funded by the Van Rens Founda-
tion, the Netherlands (VRF2017-009). The funding body had
no role in the design of the study, data collection, analysis and
interpretation, or in writing of the manuscript. Data is avail-
able from the LROI but restrictions apply to the availability of
this data, which was used under license for the current study.
The authors declare that they have no competing interests.

Results

An overview of imputed data is set out in Table 2. Model sta-
tistics of all imputed datasets are given in Table 3. The relative
fit statistics (BIC, AIC, Adjusted BIC) continued to decrease
up to the 4-class model, indicating a better fit with increas-
ing number of classes. In all datasets, entropy was highest for
the 2-class model, and comparable for the 3-class and 4 class
model. However, group sizes became very small in the 4-class
model. Additionally, the 4-class model showed only small
variations in recovery patterns, and was therefore considered
less clinically relevant and meaningful. Therefore, based on
relative fit statistics, entropy, and group sizes, the 3-class
model was chosen as the final model. In addition, when fitting
models with increasing numbers of classes, the 3-class model
showed the best balance between model fit and model com-
plexity. This was confirmed by the LMR test (3- vs. 4-class
model: -2 log likelihood (4) = 149.8, p = 0.1). Posterior prob-
abilities (which measure classification accuracy) were high
for the 3 classes, indicating good model fit. For this 3-class
solution, the mean (SD) probability of membership was 0.96
(0.09) for class 1, 0.89 (0.14) for class 2, and 0.95 (0.10) for
class 3, well over the recommended minimum for model ade-
quacy of 0.7 (24).

HOQOS-PS trajectories

The identified recovery trajectories based on the pooled
HOOS-PS data are shown in Figure 3. The largest class con-
sisted of 2,391 cases (75%). The pooled estimated preopera-
tive HOOS-PS score of this class was 48 (CI 47-49). This
group showed a steep decline towards a pooled estimated
HOOS-PS score of 14 (CI 13—15) at 3 months postoperatively.
After the first 3 months, the estimated pooled HOOS-PS score
declined even more towards a score of 6 (CI 5-7), indicat-
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Table 2. Patient and surgical characteristics of all cases and cases by class

All cases Optimal responders Good responders Poor responders
n(%)2 range® n (%)@ range ® n(%)2 range® n(%)2 range®
Cases, n 3,207 2,391 (75)  2,356-2,430 664 (21) 631-699 152 (4.7) 143-162
Age, mean (SD) 49 (5) 49-49 49 (5) 49-49 49 (6) 49-49 49 (5) 48-49
Sex
Male 1,509 (47) 1,508-1,509 1,170 (49)  1,144-1,187 267 (40) 250-287 72 (47) 68-78
Female 1,698 (53) 1,698-1,699 1,221 (51)  1,201-1,243 397 (60) 377-421 81 (63) 74-88
BMI, mean (SD) 28 (5) 28 (5) 28-28 28 (5) 2629 28 (5) 28-29
ASA
| 1,395 (44) 1,395-1,396 1,105 (46)  1,092-1,116 245 (37) 232-256 46 (30) 39-50
Il 1,607 (50) 1,606-1,607 1,152 (48) 1,126-1,183 366 (55) 338-391 89 (59) 82-95
-1V 205 (6.4) 205-205 134 (5.6) 128-141 53 (8.0) 47-61 18 (12) 15-21
Smoking
No 2,693 (81) 2,587-2,595 1,977 (83)  1,941-1,999 515 (78) 495-544 100 (66) 93-108
Yes 614 (19) 612-620 414 (17)  403-431 148 (22) 136-162 52 (34) 49-58
Surgical approach
Posterolateral 1,713 (63) 1,706-1,718 1,270 (63)  1,250-1,284 360 (54) 349-381 83 (65) 77-90
Anterior 1,080 (34) 1,077-1,085 832 (35) 819-851 205 (31) 187-215 43 (28) 40-47
Anterolateral 159 (5.0) 157-163 115 (4.8) 110-119 35(5.3) 3140 9(5.9) 7-11
Direct lateral 256 (8.0) 253-285 174 (7.3) 167-180 63 (9.5) 58-72 18 (12) 14-28
Fixation method
Uncemented 2,778 (87) 2,777-2,780 2,106 (88) 2,064-2,144 548 (83) 519-581 125 (82) 116-132
Cemented 165 (5.1) 164-167 104 (4.3) 100-108 53 (8.0) 47-58 8(5.3) 6-11
Hybrid 74 (2.3) 74-75 55 (2.3) 52-57 14 (2.1) 12-18 5(3.3) 4-6
Reversed hybrid 190 (5.9) 188 —191 126 (5.3) 124-128 48 (7.2)  44-51 15(9.9) 13-18
Head diameter, mm
22-28 492 (15) 486-498 332 (15) 327-343 130 (20) 123-139 30 (20) 27-35
32 1,920 (60) 1,911-1,927 1,457 (60)  1,436-1,483 381 (57) 358-401 81 (63) 75-91
36 mm 795 (25) 789-800 602 (25) 589-610 153 (23) 146-162 41 (27) 39-46
Bearing type
Ceramic-on-polyethylene 2,012 (63) 2,005-2,020 1,512 (63) 1,474-1,533 412 (62) 388-442 89 (59) 82-95
Ceramic-on-ceramic 330 (10) 324-335 247 (10)  243-255 63 (9.5) 59-67 19 (13) 16-21
Metal-on-polyethylene 607 (19) 601-610 431 (18)  421-442 142 (21) 128-154 34 (22) 30-38
Zirconium-on-polyethylene 258 (8.0) 254-262 201 (8.4) 194-206 47 (7.1)  43-52 10 (6.6) 8-12

Estimates are pooled across the 10 multiple imputed datasets.
2 Pooled cases are rounded to the nearest number.

b Range (lowest and highest value) of all means across 10 multiple imputed datasets.

Table 3. Pooled LCGA model fit statistics

increase in physical functioning in this time

~ Log Adjusted Class (%) period after surgery. However, this class showed
Model likelihood  BIC AIC BIC  Entropy 1 2 3 4 no further improvement, as the pooled HOOS-
1-class —39,801 79,650 79,614 79,631 100 _ _ _ PS score was 26 (CI 24—28) at 12 months pOStOp—
2-class -38,909 77,899 77,838 77,867 090 88 12 - - eratively. Therefore, we labelled this class as the
3-class -38,576 77,265 77,180 77,220 0.88 75 21 4.7 - « s
Aclass 38424 76993 76.884 76936 087 25 66 75 22  Soodresponders.

The third class consisted of 152 cases (4.7%).

BIC: Bayesian Information Criteria; AIC: Akaike Information Criteria.

ing a further improvement of physical functioning up to 12
months postoperatively. We labelled this class as the “optimal
responders.”

The second class consisted of 664 cases (21%). The pooled
estimated preoperative HOOS-PS score for this group was 54
(CI 52-55). Similar to the first class, also this group showed
a steep decline in pooled HOOS-PS score during the first 3
months. The pooled estimated HOOS-PS score decreased
to 29 (CI 26-31) at 3 months postoperatively, indicating an

Pooled estimated preoperative HOOS-PS score

was with 58 (CI 55-62) the highest of all 3

groups. This group showed a small decrease in
pooled HOOS-PS score within the first 3 months after sur-
gery, where the pooled estimated score at 3 months postop-
eratively was 45 (CI 40-50). However, after this time-point,
this group showed an increase in mean pooled HOOS-PS
score up to 12 months postoperatively, where the pooled esti-
mated HOOS-PS score was 56 (CI 51-60). This indicates a
decrease in physical functioning of these patients after the
first 3 months postoperatively. This class was labelled as the
“poor responders” (Table 2 and Figure 3).
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HOOS-PS score

o Class 1 - Optimal responders

Class 2 - Good responders Class 3 - Poor responders

100

0 3 12 0 3 12
Months from index operation

Figure 3. Recovery trajectories based on HOOS-PS score across
class 1 (n =2,391), class 2 (n = 664), and class 3 (n = 152). The mean
trajectories with their 95% CI per class are shown in bold (black); indi-
vidual trajectories are in color. Lower HOOS-PS scores indicate better
physical functioning. For the purpose of plotting, individuals were
assigned to classes based on their most likely class membership; it
should be noted that individuals are in fact assigned a probability of
class membership in the model.

Factors associated with class membership

In both the crude and adjusted multinomial regression anal-
ysis, the “optimal responder” class was chosen as the refer-
ence group. In the adjusted analysis, female sex (RR 1.1),
ASA II (RR 1.1), ASA III-IV (RR 1.1), smoking (RR 1.1),
cemented fixation (RR 1.2), and a 22-28 mm head diameter
(RR 1.1) were associated with “good responder” class mem-
bership. ASAII (RR 1.1), ASAIII-IV (RR 1.2), smoking (RR
1.2), and hybrid fixation (RR 1.2) were associated with “poor
responder” class membership (Table 4).

Discussion

We identified 3 different recovery trajectories in young patients
according to their HOOS-PS score using data from the LROI.

Female sex, ASA score, smoking, type of fixation, and head
diameter were associated with “good responder” or “poor
responder” class membership versus “optimal responder”
class membership. However, the total of 95% of young
patients shows a favorable outcome after primary THA (opti-
mal responders and good responders).

Several systematic reviews have examined the role of dif-
ferent factors on the response after primary THA; however,
none of these reviews focused on young patients. A review
of Lungu et al. showed poorer outcomes after primary THA
in patients with higher levels of preoperative pain and physi-
cal functioning, higher BMI, and worse general health (5).
A review by Buirs et al. (25) showed an association between
BMLI, age, comorbidity, preoperative physical functioning, and
mental health with functional outcome after primary THA.
This is in line with our study, where patients with worse gen-
eral health (ASA II or ASA III-1V) were more likely to be a

Table 4. Crude and confounder-adjusted multinomial logistic regres-
sion analysis of risk factors associated with class membership

Crude
RR (95% CI) P

Adjusted 2

Factor RR (95% Cl) P

“Good responders” vs. “Optimal responders”

Age 1.0(1.0-1.0) 1.0 (1.0-1.0)
Female sex (ref. male sex) 1.1 (1.1-1.1) 1.1 (1.1-1.1)
BMI 1.0 (1.0-1.0) 1.0 (1.0-1.0)
ASA (ref. ASA|)
I 11(1.0-1.1) 1.1 (1.0-1.1)
-1V 1.1 (1.0-1.2) 1.1 (1.0-1.2)
Smoking (ref. no smoking) 1.1 (1.0-1.1) 1.1 (1.0-1.1)
Approach (ref. posterolateral)
Anterior 1.0 (0.9-1.0) 1.0 (0.9-1.0)
Anterolateral 1.0 (0.9-1.1) 1.0 (0.9-1.1)
Direct lateral 11(1.0-1.2) 1.1 (1.0-1.2)
Fixation (ref. uncemented)
Cemented 12(11-12) 1.2(1.1-1.2)
Reversed hybrid 1.0 (0.7-1.2) 1.0 (0.7-1.2)
Hybrid 11(1.0-1.2) 1.1 (1.0-1.2)
Head diameter, mm (ref. 32)
22-28 11(1.0-1.2) 1.1 (1.0-1.2)
36 1.0 (0.9-1.1) 1.0 (0.9-1.1)
Bearing type (ref. ceramic-on-polyethylene)
Ceramic-on-ceramic 1.0 (0.9-1.1) 1.0 (0.9-1.1)
Metal-on-polyethylene 1.1 (1.0-1.1) 1.0 (1.0-1.1)
Zirconium-on-polyethylene 1.0 (0.8-1.1) 1.0 (0.8-1.1)

“Poor responders” vs. “Optimal responders”

Age 1.0 (1.0-1.0) 1.0 (1.0-1.0)
Female sex (ref. male sex) 1.0 (0.9-1.1) 1.0 (0.9-1.1)
BMI 1.0 (1.0-1.0) 1.0 (1.0-1.0)

ASA (ref. ASA 1)
I 1.1 (1.1-1.2)
=V 1.2 (1.1-1.3)

Smoking (ref. no smoking) 1.2 (1.1-1.2)

Approach (ref. posterolateral)

Anterior 0.9 (0.8-1.0) 0.9 (0.8-1.1)
Anterolateral 1.0 (0.8-1.2) 1.0 (0.8-1.2)
Direct lateral 1.1 (1.0-1.2) 1.1 (0.9-1.2)
Fixation (ref. uncemented)
Cemented 1.1(0.8-1.2) 1.0 (0.8-1.2)
Reversed hybrid 1.1 (0.8-1.2) 1.1 (0.7-1.2)
Hybrid 12(1.0-1.2) 1.2(1.0-1.2)
Head diameter, mm (ref. 32)
22-28 11(1.0-1.2) 1.1 (1.0-1.2)
36 1.1 (0.9-1.1) 1.1 (0.9-1.1)
Bearing type (ref. ceramic-on-polyethylene)
Ceramic-on-ceramic 1.1 (0.9-1.2) 1.1 (0.9-1.2)
Metal-on-polyethylene 1.1 (1.0-1.2) 1.1 (0.9-1.2)
Zirconium-on-polyethylene 1.0 (0.7-1.1) 1.0 (0.7-1.1)

Estimates are pooled across the 10 multiple imputed datasets.

2 Confounding variables were selected based on the directed acyclic
graph depicted in Figure 2 (see Supplementary data): BMI was
adjusted for smoking; ASA was adjusted for age, BMI, and smok-
ing; Smoking was adjusted for age; Approach was adjusted for
BMI; Fixation was adjusted for age and approach; Head diameter
was adjusted for approach; Bearing type was adjusted for age,
BMI, and head diameter; No adjustments were included in the
analysis of age and sex.

b Odds ratios obtained from multinomial regression were converted
to the corresponding relative risks using the methods described by
Zhang and Yu (23).

“good responder” or a “poor responder.” However, in contrast
to these reviews, we found no association between a worse
outcome and an increased BMI.
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Our results showed that a cemented fixation was associated
with a less optimal patient-reported outcome after primary
THA, as these patients were more often members of the “good
responders” class. This is in line with a study from the Swedish
register which found that uncemented fixation was associated
with better outcomes after primary THA when compared with
cemented fixation, as patients reported better health-related
quality of life, lower postoperative pain, and greater satis-
faction after primary THA (26). Another study found similar
results, with a higher decrease in patient-reported postopera-
tive pain and increase in self-care after the use of uncemented
fixation (27). Other studies reported contrasting findings, with
no difference in patient-reported outcome between cemented
and uncemented fixation (28), or even better results after
cemented fixation (29). However, most of these studies did not
use the HOOS-PS to assess patient-reported outcome, and did
not focus solely on young patients. The association between
cemented fixation and a worse patient-reported outcome we
found might be influenced by the choice of fixation for certain
patients. For example, patients with larger bone defects might
more often be treated with a cemented prosthesis. Unfortu-
nately, as data on these factors is not available in the LROI,
this effect could not be examined within this study.

Only a few other studies used LCGA to determine different
response patterns in patients after primary THA. Hesseling et
al. (8) found also 3 distinct postoperative trajectories after ana-
lyzing the Oxford Hip Score (OHS) in a large cohort of patients
with a mean age of 69 years. That study confirms our findings,
as they also found that female sex, ASA II or ASA III-1V, and
smoking were associated with suboptimal patient-reported
outcomes after primary THA. Additionally, an association
between obesity, age above 75 years, direct lateral approach,
reversed hybrid fixation, and poorer scores in EQ-5D domains
and worse patient-reported outcomes were reported. They also
found a small portion of patients (8%) who showed initially
a small increase in reported outcome, which decreased after
3 months postoperatively. Although that study did not focus
on young patients, this might confirm the finding of the “poor
responders” in our study, as we found a similar pattern. Other
studies examining different response patterns after primary
THA used predefined subgroups (30), had only short-term fol-
low-up, and had small number of included patients (9), which
made comparison of results difficult.

Psychological and mental factors were not taken into
account in our analysis. The HOOS-PS aims to evaluate the
physical outcome of patients. However, especially in young
patients, the mental and psychological factors might be of
importance in the outcome of patient-reported outcome. For
example, preoperative expectations contribute strongly to
the final degree of satisfaction after primary THA (31). Addi-
tionally, preoperative expectations were positively related to
improvement in pain and function after THA (32). Especially
in younger patients, keen to return to work, sports, and physi-
cal social activities in their daily life, preoperative expec-

tations might be high. Therefore, it would be of interest to
account for these factors in the analysis of patient-reported
outcome in young patients. Unfortunately, this data is not reg-
istered within the LROI.

Identifying patients who are more likely to have a worse
outcome can help in the management of expectations prior to
primary THA. Additionally, this information is valuable for
orthopedic surgeons, as this can aid in the process to deter-
mine which patients are at risk of a suboptimal outcome.

In this study, some limitations must be considered. First,
although we used multiple imputation to complete the HOOS-
PS score for cases with a missing score at one time point, we
were able to include still only 28% of all patients younger than
55 years registered in the LROI. In addition, not all hospitals
were collecting PROMs data since the start of registration of
PROMS in the LROI, which may have influenced the com-
pleteness of our data. However, in 2018, 34% of all cases in
the LROI had completed the preoperative, 3-, and 12 months
postoperative PROMs. Additionally, this percentage was
much lower in previous years, ranging from 8% to 32% (15).
Therefore, when compared with the completeness of PROMS
data within the LROI, the inclusion of cases in this study is
acceptable. However, it must be noted that the overall com-
pleteness of PROMs within the LROI is low, as a response
rate of 60% is advised by the International Society of Arthro-
plasty Registers (ISAR) (33). Therefore, the completeness of
our data is a strong limitation of this study. The percentages
of obtained HOOS scores were comparable to obtained EQ5SD
scores. The percentage of obtained Oxford Hip scores was
lower as this score is not mandatory within the LROI.

Second, for ease of interpretation, we converted odds ratios
to the corresponding relative risks using the methods described
by Zhang and Yu (23). It should be noticed that these confi-
dence intervals converted using this method could be slightly
biased, leading one to believe that the relative risk estimate
is more precise than is true (34). This bias appears to occur
because the proposed calculation does not take into consid-
eration the covariance between the estimated incidence and
estimated odds ratio. Yu and Zhang (35) note that a “trade-off
between simplicity and precision” is at issue with their method.

Third, motivated patients are more likely to complete the
questionnaires at all time-points, whereas patients with post-
operative complications are more likely to have incomplete
PROMs (36), which might have affected our findings. Addi-
tionally, we found small differences in patients who were
included in our analyses and patients who were excluded,
as included patients were slightly older, were more often
non-smokers, and had a lower ASA classification. However,
included patients did not differ from excluded patients in sex
and BMI. Despite these small differences, we think that the
effect of these differences on the generalizability of our results
to the entire cohort of young patients is small.

Finally, only patients who had a primary THA after primary
osteoarthrosis were studied. In younger patients, the number
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of cases with secondary osteoarthrosis is higher, but there is
limited PROM data available on these patients.

In conclusion, we found 3 distinct response patterns in
young patients after primary THA, which could be classi-
fied as “optimal responders,” “good responders,” and “poor
responders.” Female sex, ASA Il or ASA III-1V classification,
smoking, cemented fixation, and a small head diameter were
associated with “good responder” class membership, whereas
an ASA II or ASA III-1V classification, smoking, and hybrid
fixation were associated with “poor responder” class member-
ship. The “poor responders” showed almost no improvement
in patient-reported outcome 1 year after primary THA. This
information is valuable for both patients and orthopedic sur-
geons, as these findings can aid in the process to determine
which patients are at risk of a suboptimal outcome. Addition-
ally, this study may help young patients in management of
their expectations prior to their surgery.
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Figure 2. Directed acyclic graph showing possible relationship
between risk factors and recovery trajectory after primary total hip
arthroplasty. Confounding variables were selected based on the
directed acyclic graph: BMI was adjusted for smoking; ASA was
adjusted for age, BMI, and smoking; Smoking was adjusted for
age; Approach was adjusted for BMI; Fixation was adjusted for
age and approach; Head diameter was adjusted for approach;
Bearing type was adjusted for age, BMI, and head diameter; No
adjustments were included in the analysis of age and sex.



