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Fifteen-Year Radiographic Follow-up
Comparison of Early Versus Delayed
ACL Reconstruction

A Retrospective Review of a Previous Prospective
Randomized Clinical Trial
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Background: Posttraumatic osteoarthritis (PTOA) after anterior cruciate ligament injury and reconstruction (ACLR) is a prevalent
cause of long-term disability. Few studies have compared the effect of ACLR timing on the development of PTOA.

Purpose/Hypothesis: The purpose of this study was to compare the rate of PTOA at a long-term follow-up between patients who
underwent early ACLR (<21 days after injury) versus delayed ACLR (>6 weeks after injury). The authors hypothesized that pa-
tients who underwent early ACLR would have lower rates of PTOA compared with the delayed ACLR cohort.

Study Design: Cohort study; Level of evidence, 2.

Methods: The authors contacted patients from a previous prospective randomized controlled trial who were randomized to
undergo either early (<21 days) or delayed (>6 weeks) ACLR with hamstring tendon autografts. Weightbearing radiographs were
obtained at a minimum 15-year follow-up, and radiographic PTOA was evaluated using the Kellgren-Lawrence (K-L) classification
system. The prevalence of pathologies was compared between the early and delayed groups using appropriate testing, and logistic
regression was used to evaluate for associations with failure—a K-L grade of >2 or conversion to total knee arthroplasty (TKA).

Results: At a mean follow-up of 15.6 years, radiographs were obtained for 58 (28 early, 30 delayed) of the original 69 (84.1%)
patients. High rates of PTOA (K-L grade >2) were observed in the early (82.1%) and delayed (86.7%) cohorts (P = .634). Two
(7.1%) patients in the early cohort converted to TKA compared with 4 (13.3%) patients in the delayed cohort (P = .44). Surgical
timing did not affect arthritis severity (P > .4), and no factors predicted developing radiographic PTOA in either cohort (P > .2).
Increased time from injury decreased the odds of failure in the early ACLR cohort (odds ratio, 0.79; P = .041).

Conclusion: In this study, >80% of patients who underwent ACLR with hamstring tendon autografts had radiographic evidence
of PTOA at a mean 15.6-year follow-up, with no difference in the prevalence or severity of PTOA between the early and delayed
groups. In addition, 11% of patients had converted to TKA by the time of the final follow-up, and the conversion rate did not differ
according to the timing of ACLR.
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Posttraumatic osteoarthritis (PTOA) of the knee is a devas- ligament (ACL) injury is the leading cause of knee PTOA,
tating consequence after injury to the cartilage, menisci, or and recent literature has suggested that 50% to 80% of
ligaments of the knee,* and it accounts for up to US$3 bil- reconstructed knees demonstrate PTOA at long-term fol-
lion in health care costs per year.” Anterior cruciate low-ups.'518:20.22.2981  ACT, injuries typically occur in

patients 15 to 25 years old, with symptomatic PTOA devel-
oping within 5 to 15 years after an ACL injury.?® Therefore,
) . pain and dysfunction associated with PTOA can occur dur-
The Orthopaedic Journal of Sports Medicine, 12(12), 23259671241298753 . h . highl ive.22 Of £
DOI: 10.1177/23259671241298753 ing years when patients are highly active. note, rates o
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populations compared with civilian populations,®346 likely
leading to higher rates of PTOA and early military
discharge.®*2

The development of PTOA is multifactorial, involving
disruptions to normal knee biomechanics and articular car-
tilage homeostasis.!®2%27-303% ACL injuries can cause direct
cartilage damage resulting in biomechanical changes to
knee function.?® These changes include rotational instabil-
ity, loss of range of motion, and meniscal injury leading to
increased contact pressures.’'5183136 ACL reconstruction
(ACLR) can restore near-normal knee biomechanics; how-
ever, high rates of PTOA continue to develop.??

There is a growing body of literature analyzing synovial
fluid suggesting that inflammatory cytokines present after
injury may contribute to PTOA.%1019:25-27.36 Rocent studies
have demonstrated significant changes in the synovial fluid
cytokine profile in the first month after ACL injury,?” and
that the concentrations of cytokines may affect functional
outcomes after arthroscopic knee surgery.2® Although these
findings may elucidate potential interventions in the future
to optimize postoperative outcomes, interventions to date
demonstrate variable results,3212930:36

While the understanding of the effect of biomechanical
alterations and articular cartilage homeostasis evolves,
there is still a lack of consensus regarding the optimal tim-
ing of surgical intervention for early ACL tears. Systematic
reviews and meta-analyses comparing early to delayed
ACLR have failed to identify a superior approach.283044:45
Importantly, there remains much heterogeneity regarding
the follow-up time, outcomes measured, and patients
included. To date, there is a paucity of literature regarding
the effect of early versus delayed ACLR on the develop-
ment of PTOA at a long-term follow-up.

As such, this study aimed to compare the rate of PTOA
between patients who underwent early ACLR (within 21
days of injury) versus delayed ACLR (>6 weeks after
injury). We hypothesized that patients who underwent
early ACLR would have lower rates of PTOA compared
with the delayed ACLR cohort. By understanding the effect
of surgical timing on the incidence of PTOA, we sought to
gain valuable insight to further optimize the care and
long-term joint health of patients with ACL injury.

METHODS
Study Design and Setting

This was a retrospective review of a previous prospectively
randomized controlled clinical trial in which patients at
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least 18 years old with an acute ACL tear were randomized
to undergo either early (<21 days) or delayed (>6 weeks)
ACLR using hamstring tendon autografts.® The index
study was approved by an institutional review board, and
all participants consented to randomization of surgical
technique. The present long-term follow-up study with
a retrospective review of radiographs was considered
exempt from institutional review board approval.

In the original study,® the exclusion criteria were any
previous ligamentous surgery on the index knee or a con-
comitant posterior cruciate, fibular collateral, or postero-
lateral corner ligamentous knee injury. A magnetic
resonance imaging was obtained on all knees to confirm
the diagnosis and provide additional information regard-
ing meniscal and concomitant ligamentous injuries. Once
an acute ACL tear was diagnosed, the patient was random-
ized to either the early or the delayed ACLR
group. Randomization was performed via study design
using sealed envelopes that identified the timing of sur-
gery to be employed. The patients randomized to early
ACLR were scheduled for surgery at the earliest possible
date. No exceptions were made for swelling, limitations
in range of motion, or pain. Patients in the delayed
ACLR group were enrolled in a physical therapy program
where they began a supervised rehabilitation protocol
that emphasized quadriceps muscle strengthening and res-
toration of full range of motion. The delayed ACLR surger-
ies were scheduled at a minimum of 6 weeks from the date
of injury.

Operative Technique

All knees were reconstructed using a quadrupled ham-
string tendon autograft as described by the senior author
(C.R.B.).5 Chondral injuries were graded according to the
modified Outerbridge classification.® Any loose chondral
flaps were debrided. Meniscal tears were repaired or
debrided based on residual rim width and configuration
of the tear. Meniscal debridement was performed only
when repair was not feasible.

Postoperative Rehabilitation and Follow-up

In the original study, all patients were evaluated, at a min-
imum, 3 days, 2 weeks, and then monthly during the first 6
months postoperatively. At the 6-month postoperative
visit, a maximum manual side-to-side KT-1000
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arthrometer (MEDmetric) assessment was performed to
quantify and compare anterior translation/laxity in the
injured knee to that of the contralateral knee. Passive
range of motion knee measurements were recorded using
a goniometer and compared with the uninjured contralat-
eral knee. A physical therapist who was not part of the sur-
gical team performed all range of motion and stability
measurements. Allowing gravity as the only force, the pas-
sive extension was recorded while the patient was in
a prone position.®

Postoperatively, patients from both the early and
delayed groups followed the same closely supervised reha-
bilitation protocol. The protocol emphasized early mobiliza-
tion and maintenance of extension. Slight modifications by
the therapists were permitted based on each patient’s
progress. For patients with meniscal repair or microfrac-
ture, partial weightbearing with crutches for 4 weeks
was mandated. A hinged knee brace was used for 4 to 6
weeks until good quadriceps control was restored.

Radiographic Follow-up

At a minimum of 15 years postoperatively, patients were
contacted via telephone to be scheduled for bilateral
weightbearing radiographs and complete the Knee injury
and Osteoarthritis Outcome Score (KOOS). Furthermore,
patients were asked if they had undergone total knee arthro-
plasty (TKA) on their injured knee. Subsequently, 4-view
bilateral weightbearing radiographs were obtained in a stan-
dardized fashion. The radiographs were evaluated by an
experienced fellowship-trained musculoskeletal radiologist
who was blinded to the treatment group. Radiographs
were evaluated according to the Kellgren-Lawrence
(K-L) classification.?* Radiographic PTOA was defined
as a K-L grade of >2.

Statistical Analysis

After radiographic interpretation, the early and delayed
ACLR cohorts were compared. Unpaired 2-tailed ¢ tests
were used to compare continuous demographic variables
and KOOS scores. Chi-square tests were used to compare
categorical demographic and outcome variables. Next, uni-
variate logistic regression was used to evaluate potential
predictors of failure, defined as a K-L grade of >2 or con-
version to TKA. Unpaired ¢ tests and chi-square tests
were performed using GraphPad Prism 8 (GraphPad Soft-
ware). The logistic regression models were developed using
RStudio (RStudio Inc).

A power analysis was conducted with the incidence of
PTOA as the variable of interest. Based on an effect size of
0.75 and an alpha value of .8, a minimum of 29 patients per
study group (total = 58) was required to achieve a power of 0.9.

RESULTS

At a mean follow-up of 15.6 years, 58 patients (28 early and
30 delayed) of the original 69 (84.1%) patients were
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included in the analysis. In the early ACLR cohort, the
mean time from injury to surgery was 9.2 = 4.9 days
(range, 2-20 days) compared with 84.6 + 37.5 days (range,
42-192 days) in the delayed ACLR group (Table 1).

Arthritis Severity

At the final follow-up, 23 (82.1%) patients in the early
ACLR group had PTOA (K-L grade >2) or conversion to
TKA compared with 26 (86.7%) patients in the delayed
cohort (P = .634). Two (7.1%) patients in the early ACLR
cohort had undergone ipsilateral TKA at the long-term
follow-up compared with 4 (13.3%) patients in the delayed
cohort (P = .44). No group differences were found in KOOS
outcomes at the final follow-up (P = .47).

Ten (35.7%) patients in the early ACLR cohort had
a K-L grade of 3 at the long-term follow-up compared
with 14 (46.7%) patients in the delayed cohort (P = .40).
In addition, 3 (10.7%) patients in the early ACLR cohort
were found to have a K-L grade of 4 compared with 4
(13.3%) patients in the delayed cohort (P = .76).

Effect of Meniscectomy

In the early ACLR cohort, 15 of the 16 patients (93.8%)
who underwent meniscectomy developed PTOA (K-L grade
>2) or converted to TKA at the final follow-up compared
with 8 patients (66.7%) not undergoing meniscectomy
(P =.06). In the delayed ACLR cohort, 12 of the 13 patients
(92.3%) undergoing meniscectomy developed PTOA or con-
verted to TKA at the final follow-up compared with 14
patients (82.4%) not undergoing meniscectomy (P = .43).

Functional Scores

For patients with a K-L grade of 1, the early ACLR cohort
had a mean KOOS score of 80.6% * 23.9% compared with
77.9% * 19.3% in the delayed cohort (P = .80). For patients
with PTOA, the early ACLR cohort had a mean KOOS
score of 61.7% = 21.4% compared with 56.8% * 27.8% in
the delayed cohort (P = .70). In total, the patients without
PTOA (K-L grade 1) had a mean KOOS score of 79.1 + 20.1
compared with 59.1 = 24.9 in those with PTOA (P = .027).

Covariate Analysis

In univariate logistic regression models for the early and
delayed cohorts, only the number of days until surgery in
the early ACLR cohort was associated with decreased
odds of PTOA or conversion to TKA at the long-term
follow-up (odds ratio, 0.79; P = .041) (Table 2). This finding
was not observed in the delayed ACLR group (P = .7). Age,
sex, the presence of cartilage lesions, meniscal interven-
tion, postoperative extension or flexion lag, postoperative
anterior-posterior laxity, and days until surgery were not
significantly associated with the development of radio-
graphic OA (K-L grade >2) or conversion to TKA in either
cohort (P > .1).
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TABLE 1
Characteristics of the Early and Delayed ACLR Cohorts®

Characteristics Early ACLR (n = 28) Delayed ACLR (n = 30)
Age, y 26 * 6.9 [19-43] 27.9 + 6.2 [18-40]
Female sex 5 (17.9) 5(16.7)
Medial meniscal procedure

Meniscectomy 3 (10.7) 10 (33.3)

Repair 6(21.4) 4 (138.3)
Lateral meniscal procedure

Meniscectomy 14 (50) 6 (20)

Repair 1(3.6) 2 (6.7)
Cartilage lesion grade >3 5(17.9) 3 (10)
Time to surgery, days 9.2 = 4.9 [2-20] 84.6 + 37.5 [42-192]
Postoperative extension lag, deg” 0.6 = 1.7 [0-7] 1.7 = 4.5 [0-22]
Postoperative flexion lag, degb 2.1 + 4.2 [0-17] 2.8 = 5.1 [0-20]
AP laxity, mm? 1.2 = 1.9[0-7] 0.8 = 1.1 [0-3]
Kellgren-Lawrence OA grade

1 5(17.9) 4(13.3)

2 8 (28.6) 4 (13.3)

3 10 (35.7) 14 (46.7)

4 3(10.7) 4(13.3)
Conversion to TKA 2 (7.1) 4 (13.3)

KOOS at final follow-up

63.8 * 17.6 [40-100]

67.3 = 18.8 [37-98]

“Data are presented as mean * SD [range] or n (%). ACLR, anterior cruciate ligament reconstruction; AP, anterior-posterior; KOOS, Knee
injury and Osteoarthritis Outcome Score; OA, osteoarthritis; TKA, total knee arthroplasty.

®Obtained at the 6-month postoperative visit.

TABLE 2
Predictors of PTOA (K-L Grade >2) or Conversion to TKA at Long-term Follow-up®
Early ACLR Delayed ACLR

Covariate OR 95% CI P OR 95% CI P

Age, y 1.11 0.94-1.51 4 1.07 0.90-1.35 5
Female sex b NA >9 0.55 0.05-12.6 .6
Grade 3/4 cartilage lesion b NA >9 b NA >9
Medial meniscectomy b NA >.9 b NA >.9
Medial meniscal repair b NA >9 0.69 0.06-16.7 .8
Lateral meniscectomy 5.78 0.71-123 .14 0.79 0.08-17.9 9
Lateral meniscal repair b NA >9 b NA >9
Postop extension lag b NA >.9 b NA >9
Postop flexion lag 1.06 0.11-23.7 >9 2 0.22-43.7 .6
Postop AP laxity 0.66 0.37-1.10 11 1.05 0.41-3.72 >9
Days from injury 0.79 0.60-0.97 .041 0.99 0.97-1.03 v

“The Bold P value indicates statistical significance (P < .05). ACLR, anterior cruciate ligament reconstruction; AP, anterior-posterior; NA,
not applicable; OR, odds ratio; Postop, postoperative; PTOA, posttraumatic osteoarthritis.

bInsufficient data to calculate OR.

DISCUSSION

To our knowledge, this is the first study to compare rates of
long-term osteoarthritis in a previous prospectively random-
ized cohort comparing early versus delayed ACLR. The pri-
mary finding in the present study was that high rates of
PTOA (K-L grade >2) were observed in both the early
ACLR (82.1%) and delayed ACLR (86.7%) cohorts. Moreover,
no differences were observed between the 2 cohorts in

symptomatic (K-L grade 3 or 4) PTOA or conversion to
TKA. Finally, there were no demographic or perioperative
factors predictive of developing radiographic PTOA in either
cohort. Interestingly, increased duration from the time of
injury to surgery was associated with decreased odds of
PTOA or conversion to TKA only in the early ACLR cohort.

PTOA rates at the long-term follow-up ranging between
41% and 83% have been reported in the litera-
ture.?32:333547 The rates of PTOA in the present study
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fall within the higher end of rates reported in the litera-
ture; however, it is important to consider the heterogeneity
of these studies. In general, most studies define PTOA as
a K-L grade of >2; however, others have used discrete
measurements.?® Additionally, there is variability in the
graft choices in studies assessing PTOA at long-term fol-
low-ups. Some studies,? including the present study, used
hamstring tendon autografts. However, most studies
report findings using bone-patellar tendon-bone auto-
grafts,®>®%" with 1 group electing for bone-patellar
tendon-bone allografts.?® Graft choice has been shown to
affect knee kinematics and joint-loading patterns,'! mak-
ing comparisons of long-term outcome rates particularly
difficult. Additionally, there was variation in the concomi-
tant procedures performed at the time of surgery. Most
studies have included patients who underwent concomitant
meniscal operations, with varying proportions of meniscec-
tomies compared with meniscal repairs. Importantly,
meniscectomy is a well-described risk factor for the develop-
ment of osteoarthritis?® as early as 12 months postopera-
tively.*® Finally, differences in study populations make
comparison of incidence rates particularly difficult, as the
present study population was predominantly active duty
military, a unique population known to have increased rates
of early PTOA.%*2 Future, prospective studies assessing the
effect of graft type, preoperative knee laxity, concomitant
injury, and postoperative activity level would benefit the
field and provide insight into relevant factors contributing
to long-term disability in patients after ACLR.

The findings of the present study suggest that the tim-
ing of ACLR may not be associated with the development of
PTOA at the long-term follow-up. A 2022 systematic
review by Shen et al** comparing early versus late ACLR
found no differences in retear rates, infection rates, postop-
erative range of motion, or knee laxity and found mixed
results regarding patient-reported outcome measures. Of
note, the 11 included studies varied markedly regarding
their definitions of timing, with cutoffs ranging from 8
days to 10 weeks used to separate cohorts. Importantly,
multiple studies have suggested that delays in the surgical
management of early ACL injuries increase the likelihood
of concomitant medial meniscal pathology at the time of
surgery.'21%17:34 While there is a growing body of evidence
to suggest that delays in surgical management lead to
greater intra-articular pathology observed during ACLR,
it is unclear whether this pathology increases the incidence
of PTOA at a long-term follow-up. The present study sug-
gests the contrary and a subgroup analysis comparing
patients who underwent meniscectomy with those who
underwent repair or no meniscal procedures did not show
increased rates of PTOA or conversion to TKA.

Early alterations to the synovial fluid profile in the set-
ting of ACL injury are often cited as a potential contributor
to PTOA. Early chondral injury associated with an ACL
rupture leads to an inflammatory cascade.}?>233 Intui-
tively, an arthroscopic ACLR to stabilize the knee as well
as provide a lavage in the early setting could serve to
remove the responsible proinflammatory mediators.
Intra-articular biomarkers of osteoarthritis have been
shown to increase by 250% within the first 5 weeks and
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do decrease with an early corticosteroid injection.?® Simi-
larly, intra-articular steroid injections have been shown
to reduce synovitis and chondrodegeneration after ACL
injury in animal models.?! However, these interventions
have not been shown to decrease the incidence of PTOA
in humans at long-term follow-ups. Importantly, operative
intervention has been shown to improve radiographic out-
comes at up to 20-year follow-ups.?32 However, the present
study suggests that operative intervention within 3 weeks
of injury may not significantly decrease the incidence of
PTOA. It is possible that the initial disruption to the sub-
chondral bone and hyaline cartilage, present in up to
90% of patients with an early ACL injury,®” leads to alter-
ations at a molecular or cellular level that is not reversible
by early arthroscopic stabilization of the joint. The surgery
itself may also cause a “second-hit” or additional insult to
the cartilage that may negate the theoretical benefit of
an early lavage. Finally, the high rates of PTOA in both
cohorts may be due to an alteration of knee kinematics
not alleviated with ACLR. An early injury to the native
ACL leads to chronic changes in the static and dynamic
loading of the knee,’? and although ACLR can improve
knee stability in ACL-deficient knees, it does not restore
normal knee kinematics.'4!

Strengths and Limitations

There are multiple strengths within the present study. The
primary strength is the randomized controlled study
design, with a follow-up rate of >84% at roughly 15 years
after their index ACLR. Standardized operative techniques
helped to minimize procedure-related variability and
allowed the images to be classified in a blinded fashion.

This study is not without limitations. This is a retrospec-
tive review of a previously prospective randomized con-
trolled clinical trial, and therefore, inherent bias exists.
Additionally, several patients were lost to follow-up in
both cohorts, making selection bias possible. Next, the
study cohorts were predominantly active duty, otherwise
healthy male athletes who may not be generalizable to
the greater population. Moreover, all ACLRs in this study
cohort were done using a quadrupled hamstring tendon
autograft with a transtibial technique, which was the stan-
dard of care at the time. Patients were allowed to return to
activity/duty around 4 to 6 months postoperatively, also
the standard at the time, which may not reflect current
practice patterns. Additionally, there was no data on the
incidence of OA in the contralateral knees of these
patients. Other data—including body mass index, reinjury
and graft laxity, subsequent surgeries, and other validated
patient-reported outcomes were also not available for anal-
ysis. These factors, while outside of the scope of the present
study, are of interest for future analyses.

CONCLUSION

In this study, >80% of patients who underwent ACLR with
hamstring tendon autografts had radiographic evidence of
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PTOA at a mean follow-up of 15.6 years. Surgical timing
did not affect the prevalence or severity of PTOA; however,
it increased the time from injury to surgery and decreased
the odds of developing PTOA or converting to TKA in the
early ACLR cohort.

ORCID iDs

Christian A. Cruz
James A. Pruneski

https://orcid.org/0000-0001-7946-7487
https://orcid.org/0000-0002-8645-9386

REFERENCES

1

10.

11

12.

13.

14.

15.

16.

. Andriacchi TP, Briant PL, Bevill SL, Koo S. Rotational changes at the

knee after ACL injury cause cartilage thinning. Clin Orthop Relat Res.
2006;442:39-44.

. Andriacchi TP, Miindermann A, Smith RL, Alexander EJ, Dyrby CO,

Koo S. A framework for the in vivo pathomechanics of osteoarthritis
at the knee. Ann Biomed Eng. 2004;32(3):447-457.

. Barenius B, Ponzer S, Shalabi A, Bujak R, Norlén L, Eriksson K.

Increased risk of osteoarthritis after anterior cruciate ligament recon-
struction: a 14-year follow-up study of a randomized controlled trial.
Am J Sports Med. 2014;42(5):1049-1057.

. Boffa A, Merli G, Andriolo L, Lattermann C, Salzmann GM, Filardo G.

Synovial fluid biomarkers in knee osteoarthritis: a systematic review
and quantitative evaluation using BIPEDs criteria. Cartilage. 2021;
13(suppl 1):S82-s103.

. Bottoni CR. Anterior cruciate ligament reconstructions in active-duty

military patients. Oper Tech Sports Med. 2005;13(3):169-175.

. Bottoni CR, Liddell TR, Trainor TJ, Freccero DM, Lindell KK. Postop-

erative range of motion following anterior cruciate ligament recon-
struction using autograft hamstrings: a prospective, randomized
clinical trial of early versus delayed reconstructions. Am J Sports
Med. 2008;36(4):656-662.

. Brown TD, Johnston RC, Saltzman CL, Marsh JL, Buckwalter JA.

Posttraumatic osteoarthritis: a first estimate of incidence, prevalence,
and burden of disease. J Orthop Trauma. 2006;20(10):739-744.

. Cameron KL, Driban JB, Svoboda SJ. Osteoarthritis and the tactical

athlete: a systematic review. J Athl Train. 2016;51(11):952-961.

. Cameron ML, Briggs KK, Steadman JR. Reproducibility and reliability

of the Outerbridge classification for grading chondral lesions of the
knee arthroscopically. Am J Sports Med. 2003;31(1):83-86.
Cameron ML, Fu FH, Paessler HH, Schneider M, Evans CH. Synovial
fluid cytokine concentrations as possible prognostic indicators in the
ACL-deficient knee. Knee Surg Sports Traumatol Arthrosc. 1994;2(1):
38-44.

. Carbone A, Rodeo S. Review of current understanding of post-

traumatic osteoarthritis resulting from sports injuries. J Orthop Res.
2017;35(3):397-405.

Chhadia AM, Inacio MC, Maletis GB, Csintalan RP, Davis BR, Funa-
hashi TT. Are meniscus and cartilage injuries related to time to ante-
rior cruciate ligament reconstruction? Am J Sports Med. 2011;
39(9):1894-1899.

Clair AJ, Kingery MT, Anil U, Kenny L, Kirsch T, Strauss EJ. Altera-
tions in synovial fluid biomarker levels in knees with meniscal injury
as compared with asymptomatic contralateral knees. Am J Sports
Med. 2019;47(4):847-856.

Cristiani R, Janarv PM, Engstrém B, Edman G, Forssblad M, Stalman
A. Delayed anterior cruciate ligament reconstruction increases the
risk of abnormal preconstruction laxity, cartilage, and medial menis-
cus injuries. Arthroscopy. 2021;37(4):1214-1220.

Daniel DM, Stone ML, Dobson BE, Fithian DC, Rossman DJ, Kauf-
man KR. Fate of the ACL-injured patient. A prospective outcome
study. Am J Sports Med. 1994;22(5):632-644.

Dare D, Rodeo S. Mechanisms of post-traumatic osteoarthritis after
ACL injury. Curr Rheumatol Rep. 2014;16(10):448.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

The Orthopaedic Journal of Sports Medicine

Dumont GD, Hogue GD, Padalecki JR, Okoro N, Wilson PL. Meniscal
and chondral injuries associated with pediatric anterior cruciate liga-
ment tears: relationship of treatment time and patient-specific fac-
tors. Am J Sports Med. 2012;40(9):2128-2133.

Dunn WR, Spindler KP, Amendola A, et al. Which preoperative fac-
tors, including bone bruise, are associated with knee pain/symptoms
at index anterior cruciate ligament reconstruction (ACLR)? A Multi-
center Orthopaedic Outcomes Network (MOON) ACLR Cohort Study.
Am J Sports Med. 2010;38(9):1778-1787.

Haraden CA, Huebner JL, Hsueh MF, Li YJ, Kraus VB. Synovial fluid
biomarkers associated with osteoarthritis severity reflect macro-
phage and neutrophil related inflammation. Arthritis Res Ther.
2019;21(1):146.

Harkey MS, Luc BA, Golightly YM, et al. Osteoarthritis-related bio-
markers following anterior cruciate ligament injury and reconstruc-
tion: a systematic review. Osteoarthritis Cartilage. 2015;23(1):1-12.
Heard BJ, Barton Kl, Chung M, et al. Single intra-articular dexameth-
asone injection immediately post-surgery in a rabbit model mitigates
early inflammatory responses and post-traumatic osteoarthritis-like
alterations. J Orthop Res. 2015;33(12):1826-1834.

Hui C, Salmon LJ, Kok A, Maeno S, Linklater J, Pinczewski LA. Fif-
teen-year outcome of endoscopic anterior cruciate ligament recon-
struction with patellar tendon autograft for ‘‘isolated” anterior
cruciate ligament tear. Am J Sports Med. 2011;39(1):89-98.

Jomha NM, Borton DC, Clingeleffer AJ, Pinczewski LA. Long-term
osteoarthritic changes in anterior cruciate ligament reconstructed
knees. Clin Orthop Relat Res. 1999(358):188-193.

Kellgren JH, Lawrence J. Radiological assessment of osteo-arthro-
sis. Ann Rheum Dis. 1957;16(4):494.

King JD, Rowland G, Villasante Tezanos AG, et al. Joint fluid pro-
teome after anterior cruciate ligament rupture reflects an early post-
traumatic inflammatory and chondrodegenerative state. Cartilage.
2020;11(3):329-337.

Kingery MT, Adams AC, Manjunath AK, Berlinberg EJ, Markus DH,
Strauss EJ. Synovial fluid cytokine profile at the time of arthroscopy
explains intermediate-term functional outcomes. Am J Sports Med.
2022;50(5):1261-1271.

Kingery MT, Anil U, Berlinberg EJ, Clair AJ, Kenny L, Strauss EJ.
Changes in the synovial fluid cytokine profile of the knee between
an early anterior cruciate ligament injury and surgical reconstruction.
Am J Sports Med. 2022;50(2):451-460.

Kwok CS, Harrison T, Servant C. The optimal timing for anterior cru-
ciate ligament reconstruction with respect to the risk of postoperative
stiffness. Arthroscopy. 2013;29(3):556-565.

Lattermann C, Jacobs CA, Proffitt Bunnell M, et al. A multicenter
study of early anti-inflammatory treatment in patients with early ante-
rior cruciate ligament tear. Am J Sports Med. 2017;45(2):325-333.
Lee YS, Lee OS, Lee SH, Hui TS. Effect of the timing of anterior cru-
ciate ligament reconstruction on clinical and stability outcomes: a sys-
tematic review and meta-analysis. Arthroscopy. 2018;34(2):592-602.
Lohmander LS, Englund PM, Dahl LL, Roos EM. The long-term con-
sequence of anterior cruciate ligament and meniscus injuries: osteo-
arthritis. Am J Sports Med. 2007;35(10):1756-1769.

Lohmander LS, Ostenberg A, Englund M, Roos H. High prevalence of
knee osteoarthritis, pain, and functional limitations in female soccer
players twelve years after anterior cruciate ligament injury. Arthritis
Rheum. 2004;50(10):3145-3152.

Mihelic R, Jurdana H, Jotanovic Z, Madjarevic T, Tudor A. Long-term
results of anterior cruciate ligament reconstruction: a comparison
with non-operative treatment with a follow-up of 17-20 years. Int
Orthop. 2011;35(7):1093-1097.

Millett PJ, Willis AA, Warren RF. Associated injuries in pediatric and
adolescent anterior cruciate ligament tears: does a delay in treatment
increase the risk of meniscal tear? Arthroscopy. 2002;18(9):955-959.
Nakata K, Shino K, Horibe S, et al. Arthroscopic anterior cruciate lig-
ament reconstruction using fresh-frozen bone plug-free allogeneic
tendons: 10-year follow-up. Arthroscopy. 2008;24(3):285-291.
Neuman P, Dahlberg LE, Englund M, Struglics A. Concentrations of
synovial fluid biomarkers and the prediction of knee osteoarthritis



The Orthopaedic Journal of Sports Medicine

37.

38.

39.

40.

41.

16 years after anterior cruciate ligament injury. Osteoarthritis Carti-
lage. 2017;25(4):492-498.

Nishimori M, Deie M, Adachi N, et al. Articular cartilage injury of the
posterior lateral tibial plateau associated with early anterior cruciate
ligament injury. Knee Surg Sports Traumatol Arthrosc. 2008;16(3):
270-274.

Owens BD, Mountcastle SB, Dunn WR, DeBerardino TM, Taylor DC.
Incidence of anterior cruciate ligament injury among active duty US
military servicemen and servicewomen. Mil Med. 2007;172(1):90-91.
Palmieri-Smith RM, Wojtys EM, Potter HG. Early cartilage changes
after anterior cruciate ligament injury: evaluation with imaging and
serum biomarkers—a pilot study. Arthroscopy. 2016;32(7):1309-
1318.

Papalia R, Del Buono A, Osti L, Denaro V, Maffulli N. Meniscectomy
as a risk factor for knee osteoarthritis: a systematic review. Br Med
Bull. 2011;99(1):89-106.

Papannagari R, Gill TJ, Defrate LE, Moses JM, Petruska AJ, Li G. In
vivo kinematics of the knee after anterior cruciate ligament recon-
struction: a clinical and functional evaluation. Am J Sports Med.
2006;34(12):2006-2012.

42.

43.

44.

45.

46.

47.

Long-term Follow-up of Early Versus Delayed ACLR 7

Patzkowski JC, Rivera JC, Ficke JR, Wenke JC. The changing face of
disability in the US Army: the Operation Enduring Freedom and Oper-
ation Iraqi Freedom effect. J Am Acad Orthop Surg. 2012;20:S23-
S30.

Roemer FW, Kwoh CK, Hannon MJ, et al. Partial meniscectomy is
associated with an increased risk of incident radiographic osteoar-
thritis and worsening cartilage damage in the following year. Eur
Radiol. 2017;27(1):404-413.

Shen X, Liu T, Xu S, et al. Optimal timing of anterior cruciate ligament
reconstruction in patients with anterior cruciate ligament tear: a sys-
tematic review and meta-analysis. JAMA Network Open. 2022;5(11):
€2242742-e2242742.

Smith TO, Davies L, Hing CB. Early versus delayed surgery for ante-
rior cruciate ligament reconstruction: a systematic review and meta-
analysis. Knee Surg Sports Traumatol Arthrosc. 2010;18:304-311.
Tennent DJ, Posner MA. The military ACL. J Knee Surg. 2019;32(2):
118-122.

van der Hart CP, van den Bekerom MP, Patt TW. The occurrence of
osteoarthritis at a minimum of ten years after reconstruction of the
anterior cruciate ligament. J Orthop Surg Res. 2008;3:24.



