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a b s t r a c t

Background: Clinically important thresholds improve interpretability of patient-reported outcomes. A
threshold for a successful outcome does not exist for the Forgotten Joint Score (FJS). The purpose of this
study is to determine a threshold score for the FJS, 1 and 2 years after total hip arthroplasty (THA).
Methods: A retrospective analysis of 247 primary THA recipients between December 2012 and April 2017
was performed. A binary “successful treatment” was defined as achieving a composite criterion of pain,
function, and satisfaction. Receiver operator characteristic analysis determined thresholds for successful
outcome at 1 and 2 years postoperatively, subanalyzed by demographics. Results were validated by a
75th centile comparison. The ceiling effect of FJS was also assessed.
Results: The average FJS was 70.06 ± 29.39 and 75.05 ± 28.73 at 1 and 2 years, respectively (P < .001). The
proportion of patients meeting the composite criteria for success was 66.8% at 1 year and 76.5% at 2 years
(P ¼ .017). The receiver operator characteristic analysis for FJS at 1 and 2 years yielded excellent accuracy
as defined by area under the curve (0.91 and 0.92, respectively). The threshold values were 73.96 and
69.79 at the respective time points. A mild ceiling effect was found with 16% and 23% of cases achieving a
score of 100 at 1 and 2 years, respectively.
Conclusion: The FJS has excellent accuracy in demonstrating successful outcome following THA. The FJS
threshold for success at 1 and 2 years postoperatively is 73.96 and 69.79, respectively. The higher rates of
success at 2 years, along with a rise in the mean FJS, may indicate continued clinical improvement up to 2
years after THA.

© 2019 Elsevier Inc. All rights reserved.
With the shift toward patient-centered care, patient-reported
outcome (PRO) scores have become a central facet of post-
operative outcome assessment in patients undergoing hip arthro-
plasty. Several well-validated PROs, such as the 36-Item Short Form
Survey, Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC), and the Oxford Hip Score (OHS), have been
designed to evaluate general health-related quality-of-life aswell as
hip-specific measures [1].
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One of the primary goals of joint arthroplasty is to restore the
“natural feeling” of the joint. This goal of reducing joint awareness is
a more complex outcome than strict measures of pain and function.
It requires a comprehensive consideration of physical and psycho-
logical perception of the joint as a foreign body [2]. The Forgotten
Joint Score (FJS) has been developed as a PRO to assess joint
awareness and has increasingly been used in both hip and knee
arthroplasty literature. First reported by Behrend et al [3], the FJS
has since been validated in multiple languages [4e10]. The FJS was
originally proposed to possess a lower ceiling effect than other
PROs, enabling it to better discern between patients achieving good
and excellent results.

Although PRO scores can be valuable in comparison of surgical
treatments and differences between different surgical population
groups, clinical interpretation of these differences may be
misleading. To improve interpretability of PROs and contextualize
these scores, different clinically meaningful cutoff points have been
established [11,12]. The most commonly reported thresholds are
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Table 1
Patient Demographics.

Demographic

Age at surgery (y) (mean ± SD) 58.51 ± 9.77
Body mass index (kg/m2) (mean ± SD) 29.52 ± 5.68
Gender (male:female) (106:141)
Approach (anterior:posterior) (219:28)
Guidance (robotic:fluoroscopic) (223:14)

SD, standard deviation.
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the minimal clinical important difference, substantial clinical
benefit, and the patient acceptable symptom state (PASS). These
thresholds for various scores have increased the clinical relevance
of PROs by serving as benchmarks for treatment success.

Although a successful threshold exists for other outcome scores
of hip arthroplasty [11,13], one does not exist for the FJS. To improve
the clinical applicability of the FJS, there is a need to establish a
threshold for successful outcome. Therefore, the purpose of this
study was (1) to determine a threshold score for the FJS at 1 and 2
years following total hip arthroplasty (THA) and (2) to assess the
ceiling effect of FJS at these timeframes.

Patients and Methods

Sample Population

This retrospective analysis was conducted on a single-center,
single surgeon’s hip arthroplasty registry for consecutive patients
undergoing primary THA by the senior author (BGD) between
December 2012 and April 2017 who completed PRO questionnaires.
Patients were included in the study if questionnaires were
completed at both 1 and 2 years following THA. Patients who were
of workers’ compensation status were excluded. THAs were per-
formed either by direct anterior or posterior approach. Robotic-
assisted cases were performed using the MAKO Robotic-Arm
(Stryker Corporation, Kalamazoo, MI) for acetabular reaming, cut-
ting, and component placement, while nonrobotic cases were per-
formed under fluoroscopic guidance. All THAs were performed
using a cementless cup with polyethylene liner (Trinity; Corin, UK
or Mpact; Medacta, Switzerland), uncemented stem (Metafix;
Corin, UK or Quadra; Medacta, Switzerland), and a ceramic head
(Biolox Delta; CeramTec, Plochingen, Germany).

Although the present study presents novel findings, data on
some patients may have been used for other studies. All data
collection received Institutional Review Board approval.

Outcome Measures

Definition of Treatment Success
In order to define a successful outcome to use as an external

criterion for threshold determination, a combination of the
following was used:

1. Average daily pain, as reported by patients on a 5-item Likert-
graded scale (ranging from “none” to “severe”). This study
considered patients reporting either “none” or “slight” levels of
pain, the 2 lowest levels, as a successful outcome. The choice of
the Likert-graded evaluation of pain was based on the recom-
mendation of the Patient-Reported OutcomeMeasuresWorking
Groupof the International Society of Arthroplasty Registries [14].

2. Functional level was determined based on functional assessment
using the gait and activities of daily living (ADL) domains of the
Harris Hip Score (HHS). Patients were considered to have a suc-
cessful outcome only if they reported perfect function for theADL
questions, andperfectornearlyperfect functionongait questions.

3. Satisfaction was graded on a Visual Analog Scale ranging from
0 to 10. Satisfaction �5 was defined as successful based on
previous literature which used this cutoff for determination of
treatment success following joint arthroplasty [15,16].

This study considered THA treatment success as achievement of
all 3 components: demonstrating no or minimal pain, high func-
tional level, and overall high satisfaction. This created a dichotomous
definition of treatment success that was used as the binary external
criterion for the receiver operator characteristic (ROC) analysis.
The Forgotten Joint Score
The FJS was constructed to measure the success of THAwith the

decided aim of assessing the ability of the patient to forget about
their prosthetic implant. The FJS integrates a variety of variables
such as pain, stiffness, function in ADL, patients’ expectations, pa-
tients’ activity levels, and psychosocial factors [3]. The FJS is scored
on a scale of 0-100, with higher scores denoting lower joint
awareness. The FJS score has been purported to have a lower ceiling
effect when compared to other hip-specific outcome measures
such as WOMAC and OHS [4,17e19].

Statistical Analysis

Demographic characteristics were reported as means, medians,
and standard deviations for continuous variables, and counts and
percentages for categorical variables.

Determination of thresholds was based on ROC analysis using
the FJS as the predictor for the dichotomous variable “treatment
success” as previously outlined. The area under the curve (AUC)
accompanied by 95% confidence intervals (CIs) was used as a
measure of diagnostic accuracy. An AUC ¼ 0.50 was equated with
random assignment, while AUC ¼ 1.0 as perfectly accurate pre-
diction. Values between 0.70 and 0.80 were considered acceptable
discrimination and AUC above 0.80 was considered excellent
discrimination [20]. The specificity and sensitivity were reported
for each ROC curve. The Youden’s index was used to indicate the
point on the curve which achieves the highest sensitivity and
specificity as the optimal cutoff value (threshold). This threshold as
determined by the Youden index can be interpreted as the maximal
effectiveness of the score’s ability to differentiate between a
dichotomous outcome. The validated 75th centile approach as
described by Tubach et al [21] was used to cross reference the cutoff
found by the Youden’s index. This approach uses the 75th centile of
scores of patients who achieved treatment success to approximate
the threshold for success, and has been shown to be within 95% CI
of the ROC model [22]. De Long's test was used for pair-wise
comparisons of ROC curves and thresholds at 1 and 2 years [23,24].

Statistical analysis was performed with Python (Python Foun-
dation Version 3.7) and R (R Statistical Software Version 3.5.2). Data
were assessed for normality using the Shapiro-Wilk test and was
assessed for equal variance using the F-test. The Mann-Whitney
and Welch tests were used to compare non-normally distributed
data with equal and unequal variances, respectively. Normally
distributed data sets were compared using the Student’s t-test.
Categorical variables were assessed with the chi-squared test or
Fisher’s exact test. The threshold for statistical significance was set
at P < .05.

Results

Patient Demographics

A total of 247 primary THA patients were included in this study.
All patients had completed PRO questionnaires at both 1 and 2
years following THA. Patient demographics and percentage of



Fig. 1. Box and whisker plot of the 1-year and 2-year Forgotten Joint Scores. The box spans the first to third quartile, with the median line at the center. The whiskers span 1.5 times
the interquartile range. The notches indicate the 95% confidence interval around the median. A jitter plot of each respondent is overlain on top of the box and whiskers.
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patients satisfying each of the “success” criteria are presented in
Table 1.

The mean FJS was 70.06 ± 29.39 (median ¼ 79.17) and 75.05 ±
28.73 (median ¼ 87.50) at 1 and 2 years, respectively (Fig. 1,
Table 2). Although the difference between the FJS at 1 and 2 years
was significantly different (P < .001), the effect size was small to
medium (paired Cohen’s d ¼ 0.259, CI ¼ 0.081-0.436) [25].
Table 2
Outcome Response at 1 and 2 Y Post-Operatively.
ROC Analysis and Thresholds

The proportion of patients meeting the composite criteria for
satisfaction, pain, and functionwas 165 of 247 (66.8%) at 1 year, and
189 of 247 (76.5%) at 2 years (P¼ .017). At both 1 and 2 years, the ROC
curves exhibited high AUCs (>0.8) (AUC ¼ 0.91, CI ¼ 0.87-0.95 and
AUC¼ 0.92, CI¼ 0.87-0.96), demonstrating excellent discrimination
for the FJS between patients attaining and not attaining treatment
success (Fig. 1). The specificity and sensitivity of the ROC curves
were high, with specificities of 0.8448 and 0.8902 and sensitivities
of 0.8783 and 0.7879 at the 1-year and 2-year marks, respectively.
The Youden’s index found the threshold score at 1 year to be 73.96
and at 2 years to be 69.79 (P ¼ .471) (Fig. 2).

Furthermore, ROCs were assessed for each demographic sub-
group (gender, age, and body mass index) (Table 3). The ROC-AUC
across all demographics was within excellent ranges with no sig-
nificant differences between the curves or thresholds.

The 75th centile approach of the cumulative function of patients
achieving treatment success found the threshold for FJS at 1 year to
be 75 and the threshold at 2 years to be 81 (Fig. 3).
Demographic 1 Y 2 Y P-Value

FJS (mean ± SD) 70.06 ± 29.39 75.05 ± 28.73 <.001
Patients meeting success criteria
Pain (n, %) 171 (69.23) 195 (78.95) .01
Satisfaction (n, %) 228 (92.31) 233 (94.33) .37
Function (n, %) 214 (86.64) 216 (87.45) .79
Total anchor (n, %) 165 (66.8) 189 (76.52) .02

FJS, Forgotten Joint Score; SD, standard deviation.
Assessment of Ceiling Effect

At 1 year, 40 of 247 (16.2%) patients achieved FJS of 100, while at
2 years this number increased to 57 of 247 (23.0%) (P ¼ .054).
Figure 4 shows the distribution of the FJS at 1-year and 2-year
marks.
Complications and Revisions

At the 2-year follow up, there were 5 cases (2%) that had
required a revision THA, 3 other cases (1.2%) that had required
subsequent surgery due to infection or periprosthetic fracture, and
25 cases (10.1%) that suffered minor complications, most of which
resolved by the second year follow-up (Table 4).

Discussion

The purpose of this study is to determine a threshold for success
for the FJS based on attainment of high functional activity level,
minimal pain, and high satisfaction following THA. This study
found high accuracy of the FJS at predicting treatment success
(ROC-AUC > 0.9) at both 1 and 2 years following THA. The FJS
thresholds were 73.96 and 69.79 at 1 and 2 years, respectively.
Although the values found for the thresholds seem to change be-
tween the first and second year, this difference was not statistically
significant, with overlapping CIs. This study also found a time-
dependent ceiling effect, with 16.2% of patients reporting
maximal FJS at 1 year, and 23% reporting maximal FJS at 2 years.

Giesinger et al [26] conducted a study based on an online survey
of 2017 individuals of the general US population in order to
determine normative FJS-12 scores. In their study, in which only
1.4% of respondents report a history of THA, the mean FJS-12 was
70.6 (69.9 for females and 71.2 for males). In a previous study,



Fig. 2. Receiver operator characteristic curves at 1 and 2 years of all patients undergoing arthroplasty. The highest threshold as calculated by the Youden index is labeled with
specificity and sensitivity noted in parentheses. The corresponding 95% confidence intervals are plotted around for the threshold. AUC, area under the curve; ROC, receiver operator
characteristic.
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Giesinger et al [20] suggested using general population norms as a
way of validating “success” thresholds of scores. In the current
study, the average FJS achieved at 1 year was similar to the mean
reported by Giesinger et al for the non-THA adult population. The
average FJS at 2 years, however, was slightly higher. This shows that
the average patient following THA achieves similar joint awareness
as the general population with a native joint. Additionally, the
thresholds which were detected in this study (69.79 and 73.96) are
comparable to the general, non-THA population, attesting to the
validity of these thresholds as successful cutoff points to determine
successful outcome following THA.

Puliero et al [27] studied the correlation between 3 scores: the
Patient Joint Perception (PJP), the WOMAC, and the FJS. Although
they did not determine a threshold based on ROC analysis, in their
Table 3
Receiver Operator Characteristic Analysis at 1 and 2 Y Post-Operatively.

Demographic 1 Y

Threshold Sensitivity Specificity AUC Ceiling, n (%) PASS,

All (n ¼ 247) 73.96 0.79 0.89 0.91 (0.87-0.95) 40 (16) 139 (5
Male (n ¼ 106) 69.79 0.82 0.83 0.86 (0.76-0.95) 17 (16) 67 (6
Female

(n ¼ 141)
76.04 0.79 0.94 0.94 (0.9-0.98) 23 (16) 73 (5

Age, tercile 1
(n ¼ 82)

69.79 0.89 0.88 0.94 (0.88-1) 14 (17) 53 (6

Age, tercile 2
(n ¼ 81)

53.13 0.93 0.85 0.96 (0.92-1) 15 (19) 55 (6

Age, tercile 3
(n ¼ 84)

71.88 0.80 0.83 0.84 (0.74-0.94) 11 (13) 48 (5

BMI, tercile 1
(n ¼ 81)

70.83 0.82 0.94 0.93 (0.87-0.99) 13 (16) 43 (5

BMI, tercile 2
(n ¼ 83)

69.79 0.85 0.87 0.92 (0.84-1) 11 (13) 54 (6

BMI, tercile 3
(n ¼ 83)

73.96 0.80 0.86 0.88 (0.79-0.97) 16 (19) 48 (5

AUC, area under the curve; PASS, patient acceptable symptomatic state; BMI, body mass
cohort, patients with an “artificial joint with minimal restrictions”
as defined by the PJP score had an average WOMAC of 14.6 and an
average FJS of 79. These scores are slightly better than previous
PASS thresholds determined for WOMAC [28], and slightly higher
than the FJS threshold as determined in the present study. One
explanation for this is that while the present study performed a
true threshold analysis based on ROC curves, the study by Puliero
et al only determined the average WOMAC or FJS of patients in a
specified category of PJP. Another possible reason for this difference
may be that in the study by Puliero et al, patients had a mean
follow-up of 68 months, but patients with less than 4-year follow-
up were excluded. These excluded patients may be those with less
successful outcomes, thereby skewing the data toward more su-
perior outcomes.
2 Y

n (%) Threshold Sensitivity Specificity AUC Ceiling, n (%) PASS, n (%)

6) 69.79 0.88 0.84 0.92 (0.87-0.96) 57 (23) 175 (71)
3) 80.21 0.76 0.89 0.91 (0.85-0.97) 28 (26) 69 (65)
2) 71.88 0.87 0.93 0.92 (0.86-0.98) 29 (21) 91 (65)

5) 77.08 0.76 1.00 0.94 (0.89-0.99) 22 (27) 50 (61)

8) 73.96 0.89 0.95 0.97 (0.93-1) 17 (21) 55 (68)

7) 71.88 0.87 0.77 0.86 (0.76-0.96) 18 (21) 59 (70)

3) 69.79 0.81 1.00 0.95 (0.9-0.99) 18 (22) 52 (64)

5) 80.21 0.76 0.86 0.87 (0.79-0.96) 17 (20) 50 (60)

8) 69.79 0.95 0.90 0.94 (0.85-1) 22 (27) 62 (75)

index.



Fig. 3. The 75th centile of all responders at 1 and 2 years. The red vertical lines indicate the calculated threshold by the ROC Youden index. The purple lines show the 75th centile of
responders and the corresponding Forgotten Joint Score.
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Various methods exist for determining cutoff points for treat-
ment success. The most common and accepted method is an
anchor-based approach. The anchor-based approach requires a bi-
nary external criterion, constructed by either a single outcome or a
composite of outcomes. The threshold identified in this study is not
a true PASS score, but a more comprehensive threshold. A classic
PASS is determined by analysis of the patients’ answer to the
question: “Do you deem your condition acceptable?” [11] Previous
studies on joint arthroplasty have suggested that different anchors
should be used for each of the domains of pain, function, and
satisfaction [13,20,29].
Fig. 4. Histogram of Forgotten Jo
The high ROC-AUC signifies that the FJS had a high accuracy in
discriminating between patients who attained high satisfaction,
were pain-free, and with high-functional state from those who did
not reach these benchmarks. This finding was true at both the 1-
year and 2-year mark, as well as across different demographic
subgroups. Similar studies on score thresholds in hip and knee
arthroplasty have generally reported lower ROC-AUCs. Giesinger
et al [20] reported AUCs of 0.69-0.83 for various knee PROs. Keur-
entjes et al [16] reported on PASS thresholds for the OHS and Ox-
ford Knee Score and reported AUCs of 0.83 and 0.72, respectively. In
another study on OHS and Oxford Knee Score thresholds, Judge et al
int Scores at 1 and 2 years.



Table 4
Complications and Revision Surgery.

Complication Number
(%)

Revisions Aseptic loosening 4 (1.6%)
Periprosthetic fracture 1 (0.4%)

Wound healing
delay and
infections

Deep infection: irrigation and debridement 2 (0.8%)
Superficial: nonoperative 8 (3.2%)

Periprosthetic fracturea 2 (0.8%)
Numbness 14 (5.6%)
Others Iliopsoas tendinitis, central retinal vein

occlusion, exacerbation of multiple sclerosis
3 (1.2%)

a One patient underwent revision of the femoral component and 1 patient un-
derwent open reduction and internal fixation of the fracture.
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[15] reported AUCs ranging from 0.8 to 0.86. Although the high AUC
found in our study reflects the accuracy of discriminating successful
outcomes, the fact that the high AUC held true at different time
points and across demographic subgroups is important in assessing
the content validity of the FJS.

Most studies evaluating the time-dependent trend of PROs
following THAhave focused on intervals up to 1 year postoperatively.
Few studies have assessed changes up to 2 years after surgery. A
systematic review by Browne et al [30] showed a continued
improvement in PROs following THA for at least 1 year. Naal et al [31]
showed that the PASS score increased over time, at least up to 1 year
postoperatively. The current study found that the mean FJS
improved from 1 year to 2 years after surgery (70.06-75.5, P < .001),
with a higher proportion of patients reporting attaining successful
outcome (76.5% vs 66.8%, P¼ .017). This may be related to the nature
of the FJS score, which was designed to assess joint awareness.
Hamilton et al [18] showed that the FJS has a larger change between
6 and 12 months compared to the OHS, which showed minimal
changes. One may postulate that as time elapses after surgery, pa-
tients with successful outcomes become less aware of the presence
of their artificial joints, hence the rise in themean FJS scores between
1 and 2 years. This continued improvement in joint awareness
contrasts other studies comparing PROs longitudinally, which have
generally shown limited improvement beyond 1 year.

As outcomes of THA have improved over the last decades and
more THA is being undertaken in younger populations, many of the
PROs used to evaluate THA have exhibited ceiling effects [1,3,32]. A
ceiling effect for a PRO is considered as more than 15% of a popu-
lation scoring the highest possible score [33]. Behrend et al pro-
posed the FJS as a PROwith a lower ceiling effect compared to other
traditional PROs, with a number of studies backing their findings
[3,18,34]. However, other studies have demonstrated less favorable
results for the FJS, showing ceiling effects up to 30% [17,27]. This
study did not compare FJS to other PROs, though it did find that a
mild ceiling effect does exist, especially at 2 years (23%). Higher
ceiling effects in hip arthroplasty may either be due to a limitation
of the PRO ability to evaluate outcomes or to genuine success of
THA as a procedure.
Strengths

Defining a success threshold for treatment requires setting an
external anchor. Although many studies use a single criterion to
determine success, this study used a composite score of 3 distinct
domains, namely pain, function, and satisfaction to define success.
Although the individual components could independently serve as
an external anchor, the combination of 3 such criteria strengthens
the validity of the external anchor and represents a more
comprehensive and clinically meaningful definition of success. In
addition, the threshold was determined using an anchor-based
approach, and was corroborated using a distribution-based, 75th
centile comparison of the ROC findings. Finally, the ROC curves and
the thresholds were found to remain consistent over time in terms
of accuracies and observed thresholds at both the 1-year and 2-year
marks, as well as by demographic subgroup.

Limitations

This study should be viewed in light of its limitations. It is
important to note that this study pertains only to the THA popu-
lation and the results reported presently cannot be transferred to
other populations previously evaluated by the FJS such as total knee
arthroplasty or anterior cruciate ligament reconstruction patients.

Although using a composite score as an external criterion is in
our opinion a strength of this study, arguments can be made to
support other methods of assessment. In light of this understand-
ing, this study used tools and cutoff points which were supported
by literature. The International Society of Arthroplasty Registries
guideline recommendation for pain assessment was used for the
pain benchmark. The benchmark for satisfaction was based on
previous studies with a similar methodology. Although no consis-
tent recommendation or method has been used in previous studies
for function, this study used the functional components of the
HHSdthe most commonly reported and collected PRO in the field
of hip arthroplasty [35]. Although the HHS is an accepted tool in
assessment of hip pathologies and treatments, it is recognized that
this was an arbitrary decision, and other determinants of function
may result in different findings. Additionally, despite our attempt to
base cutoff points for success on previous literature, other criteria
could be suggested.

A second limitation of this study was the retrospective nature of
the study, and the requirement to have complete follow-up data at
both 1 and 2 years may introduce selection and loss-to-follow-up
bias.

A third limitation of this study is the inclusion of a heterogenous
population of patients, undergoing various approaches of THA,
including posterior and anterior approaches, as well as robotic-
assisted and fluoroscopic-guided component placement. However,
the goal was to determine a corresponding score for success, based
on the patient’s perception in the postoperative course, regardless
of which methods were utilized during surgery. Additionally, by
including a heterogenous population with various approaches and
guidance methods, this study is more generalizable to the general
THA population which also includes a similarly heterogenous
population. An attempt to evaluate the effect of heterogeneity was
made by evaluating the ROC curves and thresholds based on age,
gender and BMI, which did not find any significant differences.

A fourth limitation of this study was that no preoperative FJS
assessment was made. As the FJS was designed to evaluate an arti-
ficial joint, the authors did not include it in the preoperative patient
assessment. Although a general form applicable to native joints has
been designed, it has not been implemented at our institution.

Finally, although the heterogenicity of the population contrib-
utes to generalizability of the results, the patients were all operated
on at a single institution, by a single surgeon, a fact which may
reduce the generalizability of the results. Additionally, only patients
with complete follow-up at both 1 and 2 years following THAwere
included, which may produce a sampling bias.

In conclusion, The FJS has excellent accuracy in demonstrating
successful outcome following THA. The FJS threshold for success at
1 and 2 years postoperatively is 73.96 and 69.79, respectively. The
higher rates of success at 2 years, along with a rise in the mean FJS,
may indicate continued clinical improvement up to 2 years after
THA.
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