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HIGHLIGHTS

As of our updated search performed in April
2023, OE M.I.N.D. contains data from nearly
3,944 RCTs related to knee conditions with
over 1,747,858 patients.

@ For patients with anterior cruciate ligament (ACL)
injury, early reconstruction was associated with
superior outcomes in Tegner activity score, stability,
re-injury and revision surgery compared to
rehabilitation alone either up to 2 years or longer
than 2 years follow-up.

® There was no significant difference between
surgical and non-surgical treatment in composite
clinical outcomes, pain, and incidence of return to
preinjury activity level during follow-up periods of
either up to 2 years or 2 to 15 years post treatment.

@ Interms of either reconstruction or rehabilitation for
ACL injury, a total of 47 studies were found to be
currently ongoing around the world, aiming to
recruit over 12,000 patients based on data from
clinicaltrials.gov.

® Since 2005, the manufacturers that have published
the most research associated with reconstruction
for ACL are Smith & Nephew, Arthrex, DePuy
Synthes, Ethicon and Mitek.

Anterior cruciate ligament (ACL) injury is a common
orthopaedic condition that affects knee joint stability and
is associated with time lost from sports and an increased
risk of osteoarthritis (Hewett et al., 2006; Lien-lversen et
al., 2020). Studies have reported an annual incidence of
ACL injuries between 0.15% and 3.7% among professional
athletes, while this incidence continues to increase
(Moses et al., 2012; Secrist et al., 2016).

Treatment of ACL injury includes both surgical
reconstruction and non-surgical options of rehabilitation,
bracing and activity modification (Bogunovic & Matava,
2013). Over 130,000 ACL reconstructions were performed
in the United States in 2006, and the rate is increasing
(Buller et al., 2014). Whether there is a difference in
patient outcomes between the surgical and non-surgical
treatment for ACL injury is a critical question to guide
clinical decision-making.

In this OE Original, we present a series of analytics from
the suite of tools in OE M.I.N.D. that include a scoping
review of published studies, meta-analysis results
including risk of bias, cumulative evidence synthesized
by time, and a profile of ongoing trials for surgical versus
non-surgical treatment for ACL injury. All of the data were
extracted from randomized controlled trials (RCTs) by
experienced medical literature reviewers. OE M.I.N.D.
updates the data on a daily basis, with new trials and data
being constantly added. The results in this OE Original
were based on analyses performed on April 25, 2023.
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Over one million seven hundred thousand patients across nearly 4,000
studies were reported for knee conditions. Of these, over 135,000 patients
across 390 studies examined ACL conditions. For ACL tears, 77 treatments
were considered, and 50 outcome measures were reported evaluating the
effectiveness and safety of surgical versus non-surgical treatment (Figure 1).
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OE M.L.N.D. Meta Analyzer
Effectiveness of treatments

We identified 7 articles that reported the results from 6 RCTs and 1373 patients that compared surgical treatment
with non-surgical treatment for patients with ACL tears. The surgical treatment in all of the included studies was
ACL reconstruction with rehabilitation and the non-surgical treatment was rehabilitation alone or application of a
cast (Frobell et al., 2010 & 2013; Meunier et al., 2007; Reijman et al., 2021; Sandberg et al., 1987; Tsoukas et al,,
2016 and Beard et al., 2022). For studies in which non-surgical patients were allowed to undergo a delayed ACL
reconstruction, we analyzed the outcomes of patients who had rehabilitation alone as they were reported
separately in those studies (Frobell et al., 2010 & 2013; Reijman et al., 2021). All the included RCTs followed up
with patients for 2 to 15 years. The characteristics of the RCTs included in this meta-analysis are presented in
Table 1.

Table 1. Characteristics of RCTs included in meta-analysis

Author, Year Country # of patients Patients Surgical Group Non-Surgical Group

Structured rehabilitation and ACL

raconstruction surgery performed within I )
Structured rehabilitation with elective
o X X _ 10 weeks after the injury; procedure
Frobell et al., 2010 N . Patients with ACL
Sweden o ) chosen by surgeons’ preferences: patella-
& 2013 injury within 4 weeks

delayed reconstruction; 23 patients (3

underwent ACL reconstruction in 2
tendon (N or hamstring-tendon

(N=36).

of follow-up.

ACL reconstruction with (N=32) and
Patients with an acute  without (| ) augmentation, using a

Meunier et al., and total rupture of  technique described by Andersson with
Sweden _ Rehabilitation alone
2007 the ACL, : 3 multiple sutures. Postoperative

rehabilitation.

Arthroscopic ACL reconstructio

TOSCOpie feconsti A minimum of three months of
Patients with a TR R e rehabilitation with elective delayed
preferences; the majority of patients had

complete primary ACL reconstruction; 41 patients (50%)

Reijman et al., 2021 Netherlands § a hamstring graft. Postoperative
rupture within 2 =

underwent ACL reconstruction in 2 years

months TR of follow-up, at an average of 10.6 months

after randomization.

Patients who had Immediate suture of ligaments without

Sandberg et al., — injuri the ACLor augmentatien by other ti i ication of a plaster cast for 6 weeks,
Sweden
1987 t nd MCL  modified Palmer’s technigue. Casts wel nd isometric

within 2 weeks applied postoperatively.

_ ) . _ Patients with isolated o CACL re truction, four- o
Tsoukas et al., 2016 The United Kingdom/Greece 32 . ~ ) Rehabilitation alone
ACL injuries, BMI < 30 stranded semitendinosus-gracilis tendon

autografts. Postoperative rehabilitation.
Beard DJ et al., patients with non- Anterior Cruciate Ligament

The United Kingdom 3 Rehabilitation
2022 acute ACL deficiency Reconstruction

We are presenting the meta-analysis results of composite clinical outcomes, pain, Tegner activity score,
incidence of returning to preinjury activity level and stability outcomes during two time frames of follow-up: up to
2 years, and beyond 2 years post treatment. For incidence of re-injury and revision surgery, we are presenting
overall results at the longest follow-up.
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Composite clinical outcomes
(O to 100, a higher score indicates
better recovery)

Lysholm knee score, International Knee Documentation Committee (IKDC) score and the Knee Injury
and Osteoarthritis Outcome Score (KOOS) symptoms subscale are normalized on a O to 100 scale to
assess patient recovery (Collins et al., 2011; Velentgas et al., 2010). In the comparison of ACL
reconstruction versus rehabilitation alone for the composite clinical outcomes, a total of 620 patients
from 5 studies published between 1987 to 2021 are included in the analysis. There was no significant
difference in composite clinical outcomes between the two treatments up to 2 years [mean difference
(MD), -0.83; 95% confidence interval (Cl), -2.37 to 0.71 points] or beyond 2 years follow-up (MD, -0.12;
95% Cl, -4.01to 3.76 points). The certainty of evidence by GRADE assessment was rated as very low
due to serious risk of bias, inconsistency and imprecision (Figure 2).

Figure 2. Composite clinical outcomes on a 0-100 scale

pecific Index MD (95% Cl) Weight
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Pain score (0 to 100, a higher score
indicates worse pain)

Three studies including 388 patients reported Numeric Rating Scale or KOOS pain scores up to 15
years follow-up. There was no significant difference in pain between ACL reconstruction and
rehabilitation alone up to 2 years (MD, -1.73; 95% Cl, -10.33 to 6.87 points) or beyond 2 years follow-up
(MD, 0.25; 95% Cl, -5 to 5.49 points). We rated the certainty of evidence as low due to serious risk of
bias and imprecision (Figure 3).

Figure 3. Pain on 0-100 score
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Tegner activity score (0 to 10, a higher
score indicates higher level of activity)

A total of 374 patients from 4 RCTs reported Tegner activity scores at 18 months (Beard et al. 2022), 2
and 5 years (Frobell et al., 2010 & 2013), 10 years (Tsoukas et al., 2016) and 15 years (Meunier et al.,
2007) follow-up. Up to 2 years post treatment, the effect demonstrates that compared to rehabilitation
alone, ACL reconstruction results in a significant improvement in activity with patients experiencing, on
average, a -114 (95% Cl, -7.54 to 5.26) points improvement. Beyond 2 years post treatment, the overall
effect demonstrates that ACL reconstruction results in a significant improvement in activity with
patients experiencing, on average, a -11.4 (95% Cl, -15.16 to -6.92) point improvement. Nevertheless,
the effects and 95% Cl in both follow-up durations do not exceed the recommended minimum
detectable change of 1 point on the O to 10 Tegner activity scale (Briggs et al., 2009; Copay et al.,
2018) (Figure 4).

Figure 4. Tegner activity score on a 0-10 scale
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Incidence of returning to preinjury
activity level

In the comparison of ACL reconstruction versus rehabilitation alone for the outcome of returning to the
same activity level before the injury, a total of 288 patients from 2 studies published between 2010 to
2021 are included in the analysis. There was no significant difference in incidence of returning to
preinjury activity level between the two treatments = 2 years [relative risk (RR), 0.85; 95% Cl, 0.7 to
1.04] and beyond 2 years (RR, 0.98; 95% ClI, 0.78 to 1.24), with low certainty of evidence. To note, the
statistical difference is at borderline significance as the lower bound of the 95% Cl is close to the RR of
1 for the outcome = 2 years post treatment (Figure 5).

Figure 5. Returning to preinjury activity level
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Stability (Incidence of giving way;
Incidence of positive pivot-shift test)

Two studies including 367 patients reported incidence of giving way up to 2 years follow-up. The
overall effect demonstrates that the risk of giving way is significantly lower with ACL reconstruction
than with rehabilitation alone (RR, 0.19; 95% ClI, 0.08 to 0.49), with moderate certainty of evidence
(Figure 6).

Three studies including 421 patients reported incidence of positive results in the pivot-shift test. The
overall effect demonstrates that the risk of positive pivot-shift test is significantly lower with ACL
reconstruction than with rehabilitation alone up to 2 years follow-up (RR, 0.4; 95% Cl, 0.3 to 0.54,
moderate certainty of evidence) as well as during follow-up beyond 2 years (RR, 0.42; 95% Cl, 0.3 to
0.6, low certainty of evidence) (Figure 6).

Figure 6. Giving way and positive pivot-shift test (Stability)
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Incidence of re-injury

In the comparison of ACL reconstruction versus rehabilitation alone for the outcome of re-injury at the
longest follow-up (2 to 15 years), a total of 467 patients from 3 studies published between 1987 to 2021
are included in the analysis. One study favours ACL reconstruction and 2 studies show no difference
between the two treatments. The overall effect demonstrates that the risk of re-injury is significantly
lower with ACL reconstruction than with rehabilitation [RR, 0.49; 95% Cl, 0.27 to 0.88], with moderate
certainty of evidence (Figure 7).

Figure 7. Incidence of re-injury 2.7
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Incidence of revision surgery

In the comparison of ACL reconstruction versus rehabilitation alone for the outcome of revision
surgery at the longest follow-up (2 to 15 years), a total of 499 patients from 4 studies published
between 1987 to 2021 are included in the analysis. One study favours ACL reconstruction and 3
studies show no difference between the two treatments. The overall effect demonstrates that the risk
of revision surgery is significantly lower with ACL reconstruction than with rehabilitation [RR, 0.44; 95%
Cl, 0.22 to 0.89], with moderate certainty of evidence (Figure 8).

Figure 8. Incidence of revision surgery
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We present a summary of the eight outcome measures in Table 2.
Table 2. Summary and certainty of the evidence

Composite clinical outcomes

Tegner activity score

Returning to preinjury activity level

Stability

(Incidence of giving way)

Stability (Incidence of positive pivot-shift test)

=< 2 years

No difference

(Very low certainty)

No difference

(Low certainty)

Favours ACL reconstruction

(Low certainty)

No difference

(Low certainty)

Favours ACL reconstruction

(Moderate certainty)

Favours ACL reconstruction

(Moderate certainty)

> 2 years to 15 years

No difference

(Very low certainty)

No difference
(Low certainty)

Favours ACL reconstruction

(Very low certainty)

No difference
(Low certainty)

Favours ACL reconstruction
(Low certainty)

Favours ACL reconstruction
Re-injury at the longest follow-up (Mod )
Moderate certainty)

Favours ACL reconstruction

Revision surgery at the longest follow-up (Moderate certainty)
oderate certain
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OE M.L.N.D. Forecaster
Sequential meta-analysis

The trends in treatment effects over time show that, when new RCTs are reported and more patients
are included in the analysis, precision of effects increases for all the outcomes at their longest follow-
up (narrower 95% ClI over time) (Figures 9-11).There is no significant difference between ACL
reconstruction and rehabilitation for patients who had ACL injuries in terms of composite clinical
outcomes (normalized scale of Lysholm knee score, IKDC score and KOOS symptoms) and pain, and
the findings have remained consistent (Figure 9).

Figure 9. Sequential meta-analysis result for composite clinical outcomes and pain
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For Tegner activity score, the treatment effect started with the first reported study with no significant
difference between ACL reconstruction and rehabilitation alone. After examining all of the evidence
over time, the final treatment effect favoured ACL reconstruction, and the final effect and 95% Cl
exceeded the recommended MDC (minimum detectable change) (Figure 10).There is no significant
difference between ACL reconstruction and rehabilitation for incidence of return to preinjury activity

level and the findings have remained consistent (Figure 10).

Figure 10. Sequential meta-analysis result for Tegner activity score,
and return to preinjury activity level
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For stability measures of both incidence of giving way and incidence of positive pivot-shift test, the
overall effects favours ACL reconstruction compared to rehabilitation alone, and the findings have
remained consistent (Figure 11).In terms of incidence of re-injury and incidence of revision surgery, the
treatment effect started with the first reported study with no significant difference between the two
treatments. After examining all of the evidence over time, the final treatment effect favoured ACL

reconstruction (Figure 11).

Figure 11. Sequential meta-analysis result for incidence of giving way,
positive result in pivot-shift test, re-injury and revision surgery

Incidence of giving wa
o il Positive result in pivot-shift test

Line of No Effect
(Relative risk=1)

No Effect
(RR=1)

Re-injury . Revision surgery

Line of No Effect 22
(Relative risk=1)

mySurgicalAnalytics.ca | A Case Study on Surgical Versus Non-surgical Treatment for ACL Injury



OE M.L.N.D Ongoing trials report

For intervention comparisons that include either ACL reconstruction or rehabilitation, a total of 47
studies were found to be currently ongoing around the world, aiming to recruit 12,629 patients. Twelve
of these 47 ongoing studies (25.5%) are being conducted in the United States. Forty-two of them

(87.24%) are interventional studies. (Figure 12).

Figure 12. Ongoing trials of ACL reconstruction or rehabilitation for ACL injury
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OE M.L.N.D. Research Planning Tool

The OE M.I.IN.D. Research Planning Tool provides us with an overview of characteristics of prior RCTs.
For studies investigating effects of reconstruction for ACL injury, the most frequently reported
characteristics include: patient demographics, age (94.2% studies reported age); follow-up time point,
2 years (55.8% studies reported outcomes at 2 years’ follow-up); studies conducted at a single center
(82.69%); Tegner Activity Score (55.8%); and the country, Sweden (15.7%) (Figure 13).

Figure 13. The most frequently reported characteristics of studies
investigating effects of ACL reconstruction for ACL injury
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OE MIND Academic market analysis
--- Top sponsors

For investigating the effects of reconstruction for ACL injury, we found that since 2005, the
manufacturers that have published the most research are Smith & Nephew (N of studies=57), Arthrex
(N=37), DePuy Synthes (N=19), Ethicon (N=9) and Mitek (N=8). (Figure 14).

The manufacturers with the largest cumulative sample size are Smith & Nephew (N of patients=2718),
Arthrex (N=1199), DePuy Synthes (N=1161), and Mitek (N=700) and Ethicon (N=488) (Figure 14).

Figure 14. Manufacturers with the largest research impact for ACL reconstruction
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DISCUSSION

In this OE Original, we identified 6 RCTs that compared the efficacy of ACL reconstruction versus
rehabilitation alone for patients with ACL injury. In the meta-analysis, evidence of low to very low quality
showed that there was no significant difference between the two treatments in composite clinical
outcomes (normalized scale of Lysholm knee score, IKDC score and KOOS symptoms), pain score, and
incidence of return to preinjury activity level during follow-up periods of either = 2 years or > 2 to 15
years. These findings are consistent with the results from previously published systematic reviews that
found no difference in patient reported outcome measures (Blom et al., 2021; Monk et al., 2016).

For the Tegner activity score, the overall effect favoured ACL reconstruction in both shorter (= 2 years)
and longer (> 2 to 15 years) follow-up periods. The quality of evidence in both follow-up periods was
rated low due to risk of bias and imprecision and very low due to risk of bias, imprecision and
inconsistency, accordingly (refer to introduction of GRADE). The effects and 95% Cl in Tegner activity
score in both shorter and longer follow-up periods demonstrated statistical significance but did not
exceed the minimum detectable change.

In terms of knee joint stability (incidence of giving way and incidence of positive result in pivot-shift test),
re-injury and revision surgery, a moderate or low quality of evidence showed results favouring ACL
reconstruction compared to rehabilitation alone.

We did not find available data from the included RCTs to conduct a subgroup analysis for different
severities of ACL injury. The serious risk of bias due to lack of blinding of clinicians and patients was one
of the major concerns during the evidence quality assessment (Guyatt et al., 2011).

The choice of surgical or non-surgical treatment for ACL injury may depend on a patient’s age, gender,
role in professional sports and desired level of activity after recovery (Bogunovic & Matava, 2013). A
surgical procedure is recommended for individuals who desire to continue IKDC Activity Level | and I
activities like jumping, cutting sports, high-risk pivoting sports, side-to-side sports and heavy manual
work; whilst non-surgical treatment is recommended for individuals whose usual activity falls in Level lll
and IV activities like light manual work, noncutting sports and sedentary activities (Nebelung &
Wuschech, 2005; Daniel & Fithian, 1994; Bogunovic & Matava, 2013). The findings of our meta-analyses
may serve as supporting evidence for this recommendation.

Additional future studies with larger sample sizes and with at least 2 years follow-up are valuable to
evaluate the clinical outcomes including function, pain and the return to pre-injury activity levels, and
associated cost.

BOTTOM LINE

Meta-analysis of 6 RCTs showed that for patients with ACL injury, ACL reconstruction was associated
with a small positive effect in Tegner activity score, significantly superior stability outcomes, lower risk
of re-injury and lower risk of revision surgery, compared to rehabilitation alone in follow-up periods of
=2 years and > 2 to 15 years. No significant difference was found between the two treatments in
outcomes of composite clinical outcomes, pain, and incidence of return to preinjury level.
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