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Context: Early identification of knee osteoarthritis (OA) symp-
toms after anterior cruciate ligament reconstruction (ACLR) could
enable timely interventions to improve long-term outcomes. How-
ever, little is known about the change in early OA symptoms from
6 to 12 months post-ACLR.

Objective: To evaluate the change over time in meeting clas-
sification criteria for early knee OA symptoms from 6 to 12 months
after ACLR.

Design: Prospective cohort study.

Setting: Research laboratory.

Patients or Other Participants: Eighty-two participants aged
13 to 35 years who underwent unilateral primary ACLR. On aver-
age, participants’ first and second visits were 6.2 and 12.1 months
post-ACLR.

Main Outcome Measure(s): Early OA symptoms were classi-
fied using generic (Luyten Original) and patient population—specific
(Luyten Patient Acceptable Symptom State [PASS]) thresholds on
Knee injury and Osteoarthritis Outcome Score (KOOS) subscales.
Changes in meeting early OA criteria were compared between

an initial and follow-up visit at an average of 6 and 12 months
post-ACLR, respectively.

Results: Twenty-two percent of participants exhibited persis-
tent early OA symptoms across both visits using both the Luyten
Original and PASS criteria. From initial to follow-up visit, 18% to
27% had resolution of early OA symptoms, while 4% to 9% devel-
oped incident symptoms. In total, 48% to 51% had no early OA
symptoms at either visit. No differences were found for change in
early OA status between adults and adolescents.

Conclusions: Nearly one-quarter of participants exhibited per-
sistent early knee OA symptoms based on KOOS thresholds from
6 to 12 months post-ACLR. Determining if this symptom persistence
predicts worse long-term outcomes could inform the need for timely
interventions after ACLR. Future researchers should examine if
resolving persistent symptoms in this critical window improves
later outcomes. Tracking early OA symptoms over time may iden-
tify high-risk patients who could benefit from early treatment.

Key Words: posttraumatic, PTOA, KOOS, knee injury, OA
illness

reconstruction.

during this period.

Key Points
» Nearly one-quarter of participants experienced persistent early knee OA symptoms from 6 to 12 months after ACL

» Early knee OA symptoms resolved in 18% to 27% of participants, while only 4% to 9% developed new symptoms

« Persistent symptoms at 6 and 12 months post-ACLR may indicate early OA rather than just normal postsurgical recovery.

reconstruction (ACLR) substantially increase the risk
of developing posttraumatic knee osteoarthritis (OA)."!
Osteoarthritis presents both as a structural disease and a symp-
tomatic illness.>* Although imaging modalities can detect early

ﬁ nterior cruciate ligament (ACL) injury and subsequent

structural changes of OA disease, monitoring patient-reported
symptoms provides crucial insight into OA illness.* While
early OA symptoms often precede radiographic evidence,
they typically align with changes detectable through early
magnetic resonance imaging (MRI) structural alterations,
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highlighting a critical intervention window before substantial
structural and symptomatic progression.”® Assessing these
symptoms is vital, not only because they serve as early indica-
tors of OA but also due to their significant effect on patients’
quality of life and functional status, as seen by the association
between quadriceps strength and early OA symptoms.’ The
onset of early OA illness or symptoms may represent a critical
window in which progression to irreversible joint damage
could still be prevented or delayed with appropriate interven-
tion.**!%!" However, little is known about the typical develop-
ment and course of early OA symptoms from 6 to 12 months
after ACLR."” Improved understanding of the change in early
OA symptoms could better guide post-ACLR clinical care,
especially regarding the timing of interventions.>*'°

Classification criteria are urgently needed to standardize
definitions and identify patients experiencing early OA symp-
toms after knee injury who may benefit from preventative
interventions.®'® Unlike diagnostic criteria, classification cri-
teria prioritize specificity over sensitivity to capture homoge-
neous high-risk cohorts for research.'> Recent efforts have
proposed an early OA classification criteria that identifies early
OA symptoms based on a combination of scores on the Knee
injury and Osteoarthritis Outcome Score (KOOS) question-
naire.®'%!*!> These early OA symptoms criteria were recently
applied to patients after ACLR, finding 24% to 42% met
thresholds for early OA symptoms at 6 months postsurgery.'®
While this highlights a concerning prevalence of early OA
symptoms at 6 months after ACLR, symptoms at this period
are commonly considered normal postsurgical pain that is
assumed to eventually subside. However, in the pain litera-
ture, chronic postsurgical pain has been defined as pain that
developed after a surgical procedure with a duration of at least
2 months.'®!” Therefore, while the transition between normal
postsurgical pain and signs of early OA symptoms is com-
plex, in this study, we consider the 6-month post-ACLR mark
as a critical point for evaluating the transition from postsur-
gical responses to early signs of OA. However, it is unclear
how a patient’s early OA symptom status will change over
time after ACLR. Understanding changes in early OA symp-
toms over time is not just crucial for clinical decision-making
but could also help determine long-term patient outcomes.®'°
Detecting persistent, clinically meaningful early OA symp-
toms after ACLR is crucial, as it may enable targeted treat-
ments in a vital window to halt or slow down joint damage
progression, thereby significantly improving long-term out-
comes.>®!*!" This emphasizes the importance of early OA
symptom evaluation post-ACLR, as detection of early OA
symptoms presents a critical opportunity to alleviate clinically
relevant symptoms as well as the potential for preventing
structural OA progression.

Patient-reported symptoms offer a cost-effective and accessi-
ble means of monitoring early OA progression, allowing clini-
cians to capture real-time, subjective experiences of patients. "’
This approach contrasts with the complexities of measuring
other clinical outcomes that may be related to early OA such
as strength, gait, or physical activity, which often require spe-
cialized equipment and may not immediately reflect the
patient’s personal experience of OA.'® Therefore, the purpose
of this study was to evaluate the change over time in meeting
proposed classification criteria for early knee OA symptoms
in participants from 6 to 12 months after ACLR."* We focused
on participants who had an initial assessment 5 to 7 months
post-ACLR and then determined the within-participants change
in meeting early OA symptom classification criteria between

the initial visit and a follow-up visit at an average of 12 months
post-ACLR." Based on previous cross-sectional findings, we
hypothesized that at least 25% of participants would meet early
OA classification criteria persistently at both the initial and
follow-up visits.'> Evaluating the change in early OA symp-
toms will provide crucial information to guide post-ACLR
clinical care and determine which patients may benefit most
from early interventions.

METHODS
Study Design

We used a cohort study design to determine a within-
participants change in meeting the early OA symptom clas-
sification criteria over time. We included participants who
had (1) an initial visit between 5 and 7 months post-ACLR
(mean = SD = 6.2 = 0.7 months), (2) at least 2 months
between their initial and follow-up visit (6.2 = 4.1
months between visits), and (3) their follow-up visit within
24 months post-ACLR (mean = SD = 12.1 = 4.3 months).
All these visits were research visits and were not necessarily
linked to a patient’s clinical visit. If a participant had more
than 1 follow-up visit, we used the latest follow-up post-
ACLR as their included visit.

Participants

Participants were included if they were between 13 and
35 years and underwent a primary, unilateral ACLR. We limited
the age range to 35 because it is recommended for post-ACLR
OA prevention clinical trials."”” We recruited participants from a
single university sports medicine department. Participants were
excluded if they underwent a multiligament reconstruction dur-
ing their ACLR surgery or had a neurological, cardiovascular,
or other medical condition that prohibited participation in our
ongoing longitudinal study that included biomechanics and
strength testing. Participants were not excluded if they sustained
a concomitant meniscal injury or underwent a meniscal proce-
dure at the time of ACLR. Participants were excluded if they
had a previous lower extremity surgery. If a participant was
18 years or older at enrollment, he or she provided written
informed consent. If a participant was less than 18 years at
enrollment, he or she provided written assent, and a legal
guardian provided written consent. The local institutional
review board approved all experimental procedures before
participant enrollment.

Knee Injury and Osteoarthritis Outcome Score

The KOOS questionnaire is validated in various patient
populations with or at-risk for knee OA.* Four of the KOOS
subscales are used in the early OA symptoms classification
criteria: Symptoms, Pain, Activities of Daily Living (ADL),
and Quality of Life (QOL). Each subscale has multiple 5-point
Likert scale questions that range from 0 = best to 4 = worst.
After completing the KOOS, the subscales were converted
to a score from 0 to 100, with 100 indicating no self-reported
dysfunction.

Self-Reported Early Knee OA Symptoms
Classification Criteria

Since no consensus exists on how to classify early knee
OA symptoms, we used 2 previously published sets of criteria

892 Volume 59 ¢ Number 9 e September 2024

$S9008 98l) BIA |0-20-SZ0Z Je /woo Aloyoeignd-poid-swiid-yiewlayem-jpd-awiid//:sdiy woly papeojumoq



Table 1. Knee Injury and Osteoarthritis Outcome Score (KOOS)
Subscale Thresholds for the Early Knee Osteoarthritis (OA) Classi-
fication Criteria

KOOS Subscale Threshold
Luyten®
KOOS Subscale Original PASS®
Quality of Life 85.0% 62.5%
Pain 85.0% 88.9%
Symptoms 85.0% 57.1%
Activities of Daily Living 85.0% 100.0%

Abbreviation: PASS, Patient Acceptable Symptom State.

@ Luyten early OA symptom classification criteria: below the threshold
on 2 of the 4 KOOS subscales.

® Developed in individuals 1 to 5 years after a primary anterior cruciate
ligament reconstruction.

that differ only in the thresholds in KOOS scores that are con-
sidered symptomatic (Table 1).'**!

Luyten Original Early OA Criteria. We operationally
defined early OA symptoms using the KOOS based on the
symptoms portion of the Luyten early OA classification criteria
(Luyten Original).'* The Luyten Original criteria defined early
OA symptoms as a participant scoring less than or equal to
85% on at least 2 of the 4 KOOS subscales.'* These early
OA symptom classification criteria have been applied to partic-
ipants post-ACLR.*?!

Luyten Patient Acceptable Symptom State Early OA
Criteria. While the Luyten Original criteria are a key step
toward defining early knee OA illness, the previous authors
highlight the proposed classification strategy is a starting point
that needs additional refinement.'* One area for refinement
may be to update the KOOS subscale thresholds to make
the classification criteria more specific to population groups
at risk for knee OA. In a previous report, the Luyten criteria
were refined for participants post-ACLR by adjusting the
KOOS subscale thresholds to established patient acceptable
symptoms state (PASS) scores for participants post-ACLR
(Symptoms < 57.1%, Pain < 88.9%, QOL < 62.5, and ADL <
100.0%).>'** With the Luyten PASS criteria, early OA symp-
toms are defined if a participant scores below the threshold on
at least 2 of the 4 KOOS subscales. Therefore, the Luyten
PASS allows us to use the KOOS criteria logic from the
Luyten Original early OA classification criteria coupled with
the patient population—specific KOOS subscale thresholds so
that they reflect meaningful symptoms post-ACLR.?'

Statistical Analysis

We determined the change in early knee OA symptoms
across 2 visits at an average of 6 and 12 months post-ACLR.
We created a composite variable to define change over time
in early OA symptoms based on their status at both visits:
(1) no early OA symptoms = not meeting the early OA symp-
tom classification criteria at either visit, (2) resolution of early
OA symptoms = early OA symptoms at the initial visit but
not at the follow-up visit, (3) incident development of early
OA symptoms = no early OA symptoms at the initial visit
but meeting criteria at the follow-up visit, and (4) persistent
early OA symptoms = meeting early OA symptom classifi-
cation criteria at both visits. We determined the frequency of
participants that met all criteria for within-participants change
in early OA status for both the Luyten Original and Luyten

Table 2. Participant Demographics and Knee Injury and Osteoar-
thritis Outcome Score (KOOS) Scores at the Initial and Follow-Up
Visit Within the First 2 Years Post—Anterior Cruciate Ligament
Reconstruction (ACLR)

Demographic Visit Total
No. female (% female) VA 56 (68%)
Age,y V1 19.4 + 4.9
Height, cm Vi1 172.6 = 9.5
Mass, kg VA 72,5+ 13.8
Graft type, No. (%) VA PT: 20 (24%)
Ham: 54 (66%)
Quad: 2 (2.5%)
Allo: 4 (5%)
Unknown: 2 (2.5%)
Months since ACLR VA 6.2 0.7
V2 12.1 £ 4.3
Months between visits 6.2 = 4.1
KOOS Activities of Daily Living VA 96.9 = 5.5
V2 98.6 = 2.6
KOOS Pain V1 91.0 + 8.8
V2 92.2 = 6.1
KOOS Quality of Life Al 58.8 = 20.9
V2 76.2 = 18.4
KOOS Symptoms VA 83.1 = 13.0
V2 86.4 £ 12.3
Prevalence of early OA symptoms, No. (%) V1 33 (40%)
V2 25 (30%)

Abbreviations: Allo, allograft; Ham, hamstrings graft; OA, osteoarthritis;
PT, patellar tendon graft; Quad, quadriceps tendon graft; V1, initial visit;
V2, follow-up visit.

PASS criteria across 6 and 12 months post-ACLR. Since our
inclusion criteria include participants across a wide age range,
a sensitivity analysis was conducted, dividing the cohort into
adolescents (aged 13 to 18 years) and adults (aged 18 to
35 years), to compare the prevalence of early OA symptoms
between these age groups. A ¥ test was conducted to examine
the association between these criteria for within-participants
change in early OA symptom status and age group. To identify
which subscales were drivers of meeting the early OA symp-
tom threshold, the Supplemental Figure (available online at
https://dx.doi.org/10.4085/1062-6050-0470.23.S1) was created
comparing the percentage of participants below each KOOS
subscale threshold, for those with and without early OA symp-
toms at both visits. Additionally, we used a * test or analysis
of variance to compare baseline demographics between the
4 groups of within-participants change in early OA symptom
status based on the Luyten Original classification criteria (see
Supplemental Table).

RESULTS
Demographics

The demographics of the 82 participants are found in
Table 2. Most participants were female (68%) at an average
age of 19.4 years with an average height of 172.6 cm and an
average weight of 72.5 kg. Participants were on average
6.2 months post-ACLR at their first visit and 12.1 months
post-ACLR at their follow-up visit. Table 2 highlights the
group means in the KOOS subscales at the initial and follow-
up visit. Additionally, 40% and 30% of the participants met
the classification criteria for early OA symptoms at the first
and follow-up visits, respectively (Table 2).
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Table 3. Longitudinal Change in Participants Meeting Classification Criteria for Early Knee Osteoarthritis (OA) Symptoms Across the
First 2 Years Post—Anterior Cruciate Ligament Reconstruction (ACLR) Using the Luyten Original and Luyten PASS Criteria

No Early OA at First Visit, No. (%)

Early OA at First Visit, No. (%)

No Early OA Sx Incident Early Resolved Early Persistent Early

Classification Criteria at Both Visits OA Sx* OA Sx° OA Sx°
Luyten Original

All (n = 82) 42 (51%) 7 (9%) 15 (18%) 18 (22%)

Adolescent (n = 43) 26 (60%) 8 (19%) 2 (5%) 7 (16%)

Adult (n = 39) 16 (41%) 7 (18%) 5 (13%) 11 (28%)
Luyten PASS

All (n=82) 39 (48%) 3 (4%) 22 (27%) 18 (22%)

Adolescent (n = 43) 26 (60%) 9 (21%) 1(2%) 7 (16%)

Adult (n = 39) 13 (33%) 13 (33%) 2 (5%) 11 (28%)

Abbreviations: PASS, Patient Acceptable Symptom State; Sx, symptoms.
2 Incident Early OA Sx = not meeting early OA symptom classification criteria at the first visit but met early OA symptom classification cri-

teria at follow-up.

® Resolved Early OA Sx = met early OA symptom classification criteria at the first visit but not at follow-up.
¢ Persistent Early OA Sx = met early OA symptom classification criteria at both visits.

Within-Participants Change Over Time in Early OA
Criteria

Table 3 highlights the criteria for within-participants change
in meeting classification criteria for early OA symptoms from
6 to 12 months post-ACLR when using the Luyten Original
and PASS classification criteria. When using the Luyten Origi-
nal criteria, 22% of participants met the classification criteria
for early OA symptoms at both visits (ie, persistent early knee
OA symptoms; Table 3). Fifty-one percent of participants did
not meet the classification criteria for early OA symptoms at
either visit (ie, no early OA symptoms). Eighteen percent of
participants met the classification criteria for early OA symp-
toms at the initial visit but not the follow-up visit (ie, resolu-
tion of early OA symptoms). Lastly, only 9% of participants
did not meet the classification criteria for early OA symptoms
at the initial visit but did meet the criteria at the follow-up visit
(ie, incident early OA symptoms).

When using the Luyten PASS criteria, 22% of participants
experienced persistent early OA symptoms across both visits
(Table 3). Forty-eight percent of participants reported no early
OA symptoms at either visit. Twenty-seven percent of partici-
pants experienced resolution of early OA symptoms from the
initial to follow-up visit. Lastly, only 4% of participants
experienced incident early OA symptoms from the initial
to follow-up visit.

Table 3 also highlights the frequency of the within-
participants change in early OA symptom status criteria
separately for adolescents and adults. No statistically signifi-
cant association was found between within-participants early
OA symptom status change and age group for the Luyten
Original (y*> = 4.44, P = 22) and PASS (y*> = 6.10, P =.11)
classification criteria. Despite the lack of significance, having
persistent early OA symptoms was 6% more common, and
having no early OA symptoms at either visit was 27% less
common in adults than adolescents for the Luyten PASS
classification criteria.

The Supplemental Figure shows the percentage of partici-
pants below the KOOS threshold for each subscale used in
the Luyten Original early OA symptoms definition. At each
visit, the KOOS QOL and KOOS Symptoms subscales
typically had the greatest percentage of people that scored
below the 85% threshold in those with (QOL = 96%—100%;

Symptoms = 100%) or without (QOL = 46%—76%; Symp-
toms = 6%—7%) early OA symptoms (see Supplemental
Figure). The Supplemental Table provides the baseline
demographics and statistical comparisons between the 4
within-participants changes in early OA symptom status
groups based on the Luyten Original classification criteria. No
statistically significant differences were found in any of the
demographics between groups.

DISCUSSION

The key finding of this study was that approximately one-
quarter of participants exhibited persistent symptoms that met
current early OA symptom classification criteria at both 6 and
12 months after ACLR. When applying both the Luyten Orig-
inal and PASS criteria, 22% of participants presented with
early OA symptoms at both the initial and follow-up visits.
The consistency between criteria indicates that a substantial
proportion of patients report OA symptoms that persist past
I-year post-ACLR. Given that these criteria identify symp-
toms considered clinically meaningful, the subset of ACLR
patients with persistent symptoms may require closer moni-
toring and consideration as ideal candidates for secondary OA
prevention interventions.”*** Alternatively, the proportion
who did not meet early OA criteria at either time point suggests
that symptoms resolve for many patients by 6 months and
remain absent at 12 months after ACLR. Taken together,
within-participants change in these early OA symptom clas-
sification criteria can identify people with persistent early OA
symptoms who may be a high-risk patient group that needs
additional interventions to inform care after ACLR. Our find-
ings offer valuable insights for the continuing education of
athletic trainers, emphasizing the need for focused training on
early OA detection and management after ACLR. Our study’s
findings are crucial in raising awareness among athletic trainers
about the potential for early OA symptoms in patients post-
ACLR. The significant proportion of patients with persistent
symptoms at 6 and 12 months post-ACLR suggests a need to
reinterpret these symptoms. Symptoms persisting at 6 months
should not be dismissed as normal postsurgical recovery but
rather considered potential indicators of early OA. This shift
in perspective can guide athletic trainers in early intervention
strategies to prevent the progression of OA symptoms.
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In this study, we used 2 sets of early OA classification
criteria—the original criteria proposed by Luyten et al and
modified criteria using a patient population—specific PASS-
based criteria—that differed in their KOOS symptom thresh-
olds.'**'*? Despite different thresholds, the criteria showed
good agreement in identifying patients with persistent and
no early symptoms at 6 and 12 months post-ACLR. Approx-
imately 22% of participants met both sets of criteria for
early OA symptoms persistently, while 48% to 51% did not
meet either set of criteria at both visits. This suggests the
criteria similarly identify patients with persistent early OA
symptoms. Incident early OA symptoms were rare from 6
to 12 months with both sets of criteria (4% to 9%). The main
difference was in the resolved early OA symptoms group
(18% versus 27%), indicating the PASS-based criteria may
better capture patients that will experience early OA symptom
resolution from 6 to 12 months post-ACLR. Overall, the con-
sistent detection of persistent early OA symptoms supports
the utility of these criteria. Using patient population—specific
thresholds like PASS may optimize sensitivity; however,
broader validation is required. Further researchers should con-
tinue to refine and validate early OA criteria for optimal appli-
cation after joint injury. Specifically, future studies are needed
to identify if early OA symptoms classification criteria could
be used to identify the patients at highest risk for structural
OA progression. Additionally, most participants in our study
were asymptomatic at both time points, suggesting a subgroup
with potentially favorable outcomes. The participants in this
asymptomatic group could be instrumental in future research,
as examining their characteristics may uncover modifiable
factors. These factors could serve as critical targets in develop-
ing interventions for those with symptomatic ACLR outcomes,
thereby enhancing postsurgical care strategies.

Our finding that 22% of participants exhibited persistent
early OA symptoms aligns with previous literature in which
poor outcomes at 6 and 12 months after ACLR were defined
based on self-reported dichotomous questions regarding the
patient’s perception of treatment failure or acceptable symp-
toms.'*?* For example, authors of studies have reported that
11% to 13% of patients consider their ACLR a failure, and 33%
to 36% experience unacceptable symptoms at 1 to 2 years post-
surgery.” Despite differences between the prior study and our
study in defining unacceptable symptoms, the comparable
proportions across studies suggests our use of early OA classi-
fication criteria effectively identifies patients with clinically
meaningful persistent early OA symptoms during ACLR recov-
ery when they are likely cleared for full activity. However, fur-
ther research is needed to determine if those with persistent early
OA symptoms are at greater risk for progression to radiographic
knee OA. Regardless, the substantial number of patients with
sustained issues points to a need for developing effective strate-
gies to resolve early OA symptoms and improve outcomes
when patients do not recover as expected after ACLR. Research-
ers have identified several factors linked to symptomatic and
radiographic progression in OA, such as gait biomechanics or
strength.”*” However, these measures often do not directly
reflect the patient’s subjective experience and symptom sever-
ity. Our focus on early OA symptom assessment addresses this
gap, providing a more patient-centered approach that comple-
ments these biomechanical and functional evaluations, thereby
offering a more holistic understanding of OA progression post-
ACLR. Evaluating predictors of persistent early OA symptoms
could yield targets for optimizing post-ACLR management.

In this study, we found a very low incidence of early OA
symptoms developing between 6 and 12 months after ACLR,
irrespective of classification criteria used. These findings sug-
gest that early OA is more likely characterized by persistent
symptoms throughout the recovery period after ACLR. This
persistence in early OA symptoms, not fully resolving within
the initial year postinjury and postsurgery, raises the possibility
that individuals with such early OA symptoms are at a higher
risk of future radiographic knee OA. While, in this study, we
provide insights at 6 and 12 months post-ACLR, we acknowl-
edge the limitation in not capturing the full spectrum of longi-
tudinal changes, particularly earlier symptom fluctuations. The
relatively close time points and proximity to the ACLR event
may not sufficiently reveal the gradual development or resolu-
tion of symptoms, especially those occurring before 6 months.
This highlights a potential area for future researchers to explore
earlier and more varied time points for a comprehensive under-
standing of symptom trajectories post-ACLR. While our study
does not include any assessments of radiographic knee OA,
authors of prior studies have demonstrated the presence of
symptoms often preceding radiographic evidence or have
shown that early symptoms after ACLR are associated with
early MRI structural alterations, which highlights a critical
intervention window before substantial structural and symp-
tomatic progression.’>”’ Given the rarity of incident early OA
symptoms within 1 year of surgery, preventing early OA symp-
tom onset may not be the most appropriate outcome for clinical
trials targeting the early post-ACLR window. However, criteria
identifying persistent early OA symptoms post-ACLR could be
leveraged to select patients for inclusion in trials focused on
early OA symptom resolution in a patient group that has dem-
onstrated symptoms at both 6 and 12 months post-ACLR.
Additionally, our sensitivity analysis revealed no statistically
significant association between age groups and the prevalence
of early OA symptoms. This suggests that change in early
OA symptom status in our cohort is not significantly influ-
enced by age. It highlights the potential of other factors, beyond
age, contributing to the development of early OA symptoms
after ACLR. Future researchers should continue to clarify
optimal applications of early OA classification criteria in trials
and care pathways aimed at maximizing benefit during this
early postinjury period.

In this study, we highlight the within-participants change
in early OA symptoms over time in participants post-ACLR,
but some limitations must be discussed. First, we relied solely
on patient-reported outcome measures to define early OA symp-
toms and did not include imaging to assess structural disease
progression. However, authors of prior research found just 4%
of ACLR patients demonstrate radiographic knee OA between 1
to 2 years postoperatively, suggesting minimal disease progres-
sion in our sample.® Despite this, the same authors also high-
lighted that one-third of patients have MRI-defined early OA at
1 year post-ACLR.*® Therefore, authors of future studies should
determine how more sensitive measures of joint health alter-
ations are related to early symptom changes. Second, our cohort
was recruited from a single center, which may limit generaliz-
ability of findings to other settings and geographic regions.
Third, we did not assess intraindividual changes in activity
levels or rehabilitation progress between visits, which could
provide context about symptom change. Fourth, our sample
was predominantly young, and findings may differ in older
patients. Additionally, while we captured 2 time points, more
frequent follow-ups are needed to fully characterize the early
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OA symptom trajectory after ACLR. This limitation means
that, in this study, we may not have fully captured fluctuating
symptoms over time, and as such, we cannot definitively con-
clude that symptoms resolved in certain subgroups represent a
long-term resolution or sustained incidence. Also, the younger
age of our participants may have resulted in including partici-
pants at different levels of skeletal maturity. While we did not
directly assess skeletal maturity in this study, it is unclear how
skeletal maturity may influence the presence and progression
of early OA symptoms. Future research is needed to explore
the relationship between skeletal maturity and early OA
symptoms post-ACLR. Finally, most of the participants
included in this analysis received a hamstrings graft during
their ACLR, and it is currently unclear how our results would
change if a larger prevalence of patellar tendon or quadriceps
tendon grafts existed. Despite these limitations, in this study,
we provide initial evidence that 22% of participants will expe-
rience persistent early OA symptoms at 6 to 12 months after
ACLR. Authors of future multicenter studies with expanded
demographic representation, rehabilitation data, and long-term
patient-reported and imaging outcomes would build on these
preliminary findings.

In this study, we provide new evidence that approximately
one-quarter of young patients exhibit persistence of early
OA symptoms from 6 to 12 months after ACLR, based on
proposed classification criteria. Participants in the subgroup
meeting criteria for early OA symptoms at multiple time points
may warrant future study to determine if they are at a higher
risk for progression and poor outcomes. Both generic and
population-specific classification criteria consistently identi-
fied patients with persistent early OA symptoms, supporting
their utility as screening tools to select high-risk cohorts need-
ing preventative interventions after ACL injury. Given the rar-
ity of incident early OA symptoms in this timeline, targeting
patients with existing persistent symptoms in the first 5 to
7 months after ACLR may better guide clinical care and
optimize outcomes. Moving forward, continued validation
of early OA criteria in diverse populations is critical, along
with researchers clarifying whether early classification pre-
dicts symptomatic progression and radiographic OA devel-
opment. Overall, standardized criteria for classifying early OA
symptoms hold tremendous potential to improve posttraumatic
joint injury management if rigorously validated.
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