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Sabine J.A. van der Graaff,*" MD @, Duncan E. Meuffels,’ MD, PhD @,

Sita M.A. Bierma—Zeinstra,§ MD, PhD, Eline M. van Es,’ MSc, Jan A.N. Verhaar, MD, PhD,
Vincent Eggerding,’ MD, and Max Reijman, PhD

Investigation performed at Erasmus MC University Medical Center

Background: The optimal treatment strategy for patients with an anterior cruciate ligament (ACL) rupture is still under debate.
Different determinants of the need for a reconstruction have not been thoroughly investigated before.

Purpose: To investigate why, when, and which patients with an ACL rupture who initially started with rehabilitation therapy
required reconstructive surgery.

Study Design: Case-control study; Level of evidence, 3.

Methods: In the Conservative versus Operative Methods for Patients with ACL Rupture Evaluation (COMPARE) trial, 167 patients
with an ACL rupture were randomized to early ACL reconstruction or rehabilitation therapy plus optional delayed ACL reconstruc-
tion. We conducted an exploratory analysis of a subgroup of 82 patients from this trial who were randomized to rehabilitation
therapy plus optional delayed ACL reconstruction. The reasons for surgery were registered for the patients who underwent a
delayed ACL reconstruction. For these patients, we used the International Knee Documentation Committee (IKDC) subjective
knee form, Numeric Rating Scale for pain, and instability question from the Lysholm questionnaire before surgery. To determine
between-group differences between the nonoperative treatment and delayed ACL reconstruction group, IKDC and pain scores
during follow-up were determined using mixed models and adjusted for sex, age, and body mass index.

Results: During the 2-year follow-up of the trial, 41 of the 82 patients received a delayed ACL reconstruction after a median time
of 6.4 months after inclusion (interquartile range, 3.9-10.3 months). Most reconstructions occurred between 3 and 6 months after
inclusion (n = 17; 41.5%). Ninety percent of the patients (n = 37) reported knee instability concerns as a reason for surgery at the
moment of planning surgery. Of these patients, 18 had an IKDC score <60, 29 had a pain score of >3, and 33 patients had knee
instability concerns according to the Lysholm questionnaire before surgery. During follow-up, IKDC scores were lower and pain
scores were higher in the delayed reconstruction group compared with the nonoperative treatment group. Patients in the delayed
reconstruction group had a significantly younger age (27.4 vs 35.3 years; P = .001) and higher preinjury activity level compared
with patients in the nonoperative treatment group.

Conclusion: Patients who experienced instability concerns, had pain during activity, and had a low perception of their knee func-
tion had unsuccessful nonoperative treatment. Most patients received a delayed ACL reconstruction after 3 to 6 months of reha-
bilitation therapy. At baseline, patients who required reconstructive surgery had a younger age and higher preinjury activity level
compared with patients who did not undergo reconstruction.
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Finding out who needs which treatment at what moment is would be best for every patient cannot be determined on
the challenge we try to solve after each anterior cruciate a scientific basis, and we do not know what treatment is
ligament (ACL) rupture. Currently, which treatment successful in what situation. In a randomized controlled

trial (RCT) comparing 2 different treatment strategies for
ACL rupture, we found that early surgical reconstruction,
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versus Operative Methods for Patients with ACL Rupture
Evaluation [COMPARE] trial) showed that half of the
patients who started with nonoperative treatment had sat-
isfactory clinical results and did not need a surgical recon-
struction during the 2-year follow-up period.'® However,
the other half of the patients received a delayed ACL recon-
struction when nonoperative treatment failed. In the cur-
rent study, we are looking for why, when, and in which
patients nonoperative treatment failed. This has not been
thoroughly investigated, especially not in an RCT study
population.

In most studies and guidelines, symptomatic instability
concerns are an indication for an ACL reconstruction
if these concerns are not reduced after a physical
therapy—guided exercise program or after adjustment of
activity.!%1%1% Nevertheless, despite many objective mea-
sures of knee stability, objectifying how a patient perceives
the instability remains a challenge, especially during activ-
ities of daily living.'® So, the existing instruments do not
predict the necessity for a reconstruction. Functional out-
come measures may give a better indication of which
patients need an ACL reconstruction.®

Furthermore, few studies have described the time
between starting nonoperative treatment and receiving
an ACL reconstruction.?"? The 2 existing RCTs described
the average time to delayed ACL reconstruction, but tim-
ing for each patient has not been described yet.1%® Inves-
tigating individual timing can give more insight into the
distribution of time to delayed ACL reconstruction.

Therefore, the aim of the present study is to explore
why, when, and which patients with an ACL rupture
who started with rehabilitation therapy eventually had
reconstruction, using data of the COMPARE trial. In this
exploratory analysis, we evaluated which and how knee
concerns, symptoms, and patient-reported outcome meas-
ures (PROMs) relate to the need for a delayed ACL recon-
struction after failed nonoperative therapy.

METHODS

Study Design and Patients

We used data of the COMPARE trial, a multicenter random-
ized controlled trial that recruited patients with an acute
ACL rupture at 6 hospitals in the Netherlands. The research
protocol was approved by the Erasmus MC University ethics
committee, and the trial was registered with trial No.
NL2618 in the Dutch trial registry. All participants provided
informed consent. In the COMPARE trial, patients aged 18
to 65 years with an acute ACL rupture confirmed via

The American Journal of Sports Medicine

magnetic resonance imaging scans and physical examination
were included. Main exclusion criteria were history of ACL
injury and a bucket-handle lesion of the meniscus with an
extension deficit. Additional information about the recruit-
ment process and exclusion criteria has been described in
more detail in the article about the COMPARE trial.'®

Treatment

Patients were randomly assigned to early ACL reconstruc-
tion or rehabilitation therapy with optional delayed ACL
reconstruction. Patients who were randomized to rehabili-
tation therapy started with a 3-month supervised physical
therapy program as recommended by the Dutch ACL
guideline.'® In case of symptomatic instability concerns
or the inability to reach a desired activity level, patients
could receive an ACL reconstruction after a minimum of
3 months of rehabilitation therapy. Of the 167 included
patients, 82 were randomized to rehabilitation plus
optional delayed ACL reconstruction. For the present
study, we restricted our analyses to the group of patients
who were randomized to rehabilitation therapy with
optional delayed ACL reconstruction.

Outcomes

The primary outcome of the COMPARE trial was the
patients’ perception of symptoms, knee function, and abil-
ity to participate in sports activities as measured via the
International Knee Documentation Committee (IKDC)
subjective form score. The IKDC score ranges from 0 to
100, with 100 as optimal score. It is a validated and appro-
priate outcome measure to evaluate the recovery of
patients with an ACL rupture.®%*

In the COMPARE trial, other validated questionnaires
were also used for secondary outcomes, including the
Lysholm questionnaire. This is a validated outcome mea-
sure to evaluate the functional status of patients with an
ACL injury.® As a reflection of experienced instability,
question 5 of the Lysholm score was used. This question
asks, “Do you experience instability of your knee?” Scores
for this question range from 0 (experiencing instability
with every step) to 25 (never experiencing instability).

Pain severity during activities of daily living was deter-
mined via the Numeric Rating Scale (NRS) score, ranging
from O to 10 (0 is equivalent to no pain).

In the COMPARE trial, patients filled out question-
naires at baseline and 3, 6, 9, 12, and 24 months after ran-
domization. Last-reported PROMs before surgery were
determined for every patient.
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TABLE 1
Baseline Characteristics of Patients in the Rehabilitation Plus Optional Delayed ACL Reconstruction Group®

Nonoperative Treatment

Delayed ACL Reconstruction

Characteristic (n =41) (n =41) P Value
Age at inclusion, y 35.3 (11.2) 27.4 (8.7) .001
Male sex, No. 23 (56.1) 28 (68.3) 255
BMI 26.0 (4.2) 24.0 (3.7) .023
Tegner preinjury 6.6 (2.1) 7.6 (1.7) .017
Time between trauma and inclusion, median (IQR), d 46.0 (31.5-57.5) 36.0 (29.0-47.0) 185
ACL injured during sports, No. 32 (78.0) 39 (95.1) .023
Lachman positive, No. 41 (100.0) 41 (100.0) >.99
MRI baseline, No.
Meniscal tear 21 (51.2) 16 (39.0) .249
Medial meniscus 9 (22.0) 8 (19.5)
Lateral meniscus 9 (22.0) 3(7.3)
Both 3(7.3) 5(12.2)
Chondral damage 9 (22.0) 7(17.1) B77
Medial collateral ligament 18 (43.9) 13 (31.7) 255

“Data are presented as mean (SD) unless otherwise indicated. ACL, anterior cruciate ligament; BMI, body mass index; IQR, interquartile

range; MRI, magnetic resonance imaging.

For each of these patients, we registered the reason for
surgery during follow-up, as well as any patient’s prefer-
ence for a reconstruction.

Data Analysis

We described patients from the rehabilitation plus optional
delayed ACL reconstruction group of the COMPARE trial
in an “as-treated” analysis. In this post hoc comparison,
this group was divided into nonoperative treatment and
delayed ACL reconstruction. The nonoperative treatment
arm consisted of patients who did not receive an ACL
reconstruction during the 2-year follow-up period. The
delayed ACL reconstruction group consisted of patients
who received an ACL reconstruction during the 2-year fol-
low-up.

Distribution of time between inclusion and surgery, as
well as reasons for surgery, are described for patients of
the delayed ACL reconstruction group.

To give an overview of PROM scores before patients
received a reconstruction, we made Venn diagrams with
IKDC score, pain score (NRS) during activity, and patient’s
experienced instability as separate categories. We evalu-
ated how many patients had a low to moderate IKDC score
(0-60) (based on normative IKDC scores in men and women
aged 18 to 65 years!), NRS score during activity >3 (mod-
erate to severe pain), and instability score on the Lysholm
questionnaire <20 of 25 (minimally experienced instability
during athletics or other severe exertion). A Lysholm score
of 20 was selected to also identify patients with minimal
instability concerns. Venn diagrams were also made for
both treatment groups at baseline, with similar categories.

To determine between-group differences (nonoperative
treatment vs delayed ACL reconstruction) of IKDC and
pain scores during follow-up, we used mixed models.
IKDC score and NRS scores during activity, at baseline
and at 3, 6, 9, 12, and 24 months, were used as dependent

variables. The treatment group (nonoperative or delayed
ACL reconstruction) was used as the independent variable.
The interaction between follow-up and treatment group
was added to the model as a fixed factor. The analysis
was adjusted for potential confounders: sex, age, and
body mass index (BMI). Surgeon was added as random fac-
tor into the model since the randomization was stratified
for orthopaedic surgeon. All 6 participating hospitals had
1 or 2 orthopaedic surgeons performing ACL reconstruc-
tions, and all surgeons had a minimum of 10 years’ experi-
ence in performing ACL reconstructions. The alpha level
was set at 0.05. We performed statistical analysis using
IBM SPSS Statistics version 25.

RESULTS
Patients

Half of the patients (n = 41) in the rehabilitation plus
optional delayed ACL reconstruction group received an
ACL reconstruction during the 2-year follow-up. This
resulted in 41 patients in both the nonoperative treatment
group and the delayed ACL reconstruction group.

Baseline characteristics are shown in Table 1. At base-
line, patients in the delayed ACL reconstruction group
had a significantly younger age, lower BMI, and higher
preinjury Tegner score compared with patients in the non-
operative treatment group. They also injured their ACL
more often during sports.

Delayed ACL Reconstruction Group

Median time from inclusion in the COMPARE study to
delayed ACL reconstruction was 6.4 months (interquartile
range, 3.9-10.3 months). Figure 1 shows the distribution of
the time to surgery in months. Most patients (41.5%)
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Figure 1. Time between inclusion and delayed anterior cru-
ciate ligament reconstruction. “Numbers’ represents num-
ber of patients.

underwent delayed ACL reconstruction between 3 and 6
months after inclusion (median, 3.8 months). One protocol
violation occurred; 1 patient underwent ACL reconstruction
9 days after inclusion after receiving a second opinion from
a surgeon at a nonparticipating private medical center who
recommended and performed surgery within 2 days.

Most patients (n = 37; 90.2%) reported knee instability
concerns as the reason for surgery. Of these patients,
27% (n = 10) had a strong preference for surgery. Of the
remaining 4 patients, 2 had a strong preference for surgery
without instability concerns, 1 patient had a reason for
surgery not reported in the medical records, and 1 patient
went to another hospital where surgery was recommended
(protocol violation mentioned earlier). In total, 29.3% (n =
12) of the patients had a strong preference for surgery, 9
of these patients (75%) underwent ACL reconstruction
between 3 and 6 months after inclusion.

Figure 2 shows PROM scores of patients before they
underwent a delayed ACL reconstruction. Of the 41 patients,
18 patients (43.9%) had a low to moderate IKDC score, 29
patients (70.7%) had a pain score of >3, and 33 patients
(80.5%) reported instability in the Lysholm questionnaire.
In total, 17 patients (41.5%) scored positive on all 3 items.

In the nonoperative treatment group, at baseline, 33
patients (80.5%) had a low to moderate IKDC score, 34
patients (82.9%) had a pain score of >3, and 33 patients
(80.5%) reported instability. In the delayed ACL recon-
struction group, the numbers of patients in these groups
were respectively 27 patients (65.9%), 32 patients
(78.0%), and 27 patients (65.9%), as shown in Figure 3.

Of the 33 patients who experienced instability concerns
according to the last PROMs before surgery, 39.4% (n = 13)
had the same level of instability concerns at baseline, and
27.3% (mn = 9) had no instability concerns at baseline but
developed these during follow-up. The other patients had
instability concerns at baseline that worsened (12.1%; n =
4) or improved (21.2%; n = 7) before surgery.

IKDC Score Over Time

Figure 4 and Table 2 show the IKDC score during follow-up
for both as-treated groups. Patients of the delayed ACL
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Figure 2. Delayed anterior cruciate ligament reconstruction
group —patient-reported outcome measures before surgery.
IKDC, International Knee Documentation Committee.

reconstruction group were no longer included in the analy-
sis from the moment of ACL reconstruction onward. Before
patients underwent delayed ACL reconstruction, they had
a decrease in IKDC score, while patients who did not
undergo ACL reconstruction showed an increase in IKDC
score over time. At 3, 6, 9, and 12 months, patients of the
delayed ACL reconstruction group had a lower IKDC score
compared with patients in the nonoperative treatment
group. Because of potential indication bias and a decrease
in the number of patients in the delayed reconstruction
group, statistical analysis was not performed.

Pain During Activity Over Time

The Appendix (available in the online version of this arti-
cle) shows NRS pain scores during activity during follow-
up for both as-treated groups. Patients of the delayed
ACL reconstruction group were excluded from the analysis
after they underwent reconstruction. Patients of the
delayed ACL reconstruction group had a higher pain score
before they underwent reconstruction compared with the
nonoperative treatment group at 3, 6, 9, and 12 months
of follow-up.

DISCUSSION

In this exploratory analysis of data of the COMPARE trial,
we described patients with an ACL injury who had unsuc-
cessful nonoperative treatment. The symptoms these
patients experienced before they received an ACL recon-
struction were instability concerns, pain during activity,
and a low perception of their knee function indicated by
a low IKDC score. Furthermore, we found that 41.5% of
the patients received an ACL reconstruction after 3 to 6
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Figure 3. Baseline patient-reported outcome measures. ACL, anterior cruciate ligament; IKDC, International Knee Documenta-

tion Committee.

TABLE 2
As-Treated Analysis IKDC Score (Estimated IKDC)®

Characteristic IKDC Baseline IKDC 3 Months

IKDC 6 Months

IKDC 9 Months IKDC 12 Months IKDC 24 Months

Nonoperative treatment 45.0 (39.6 to 50.5)  69.0 (63.3 to 74.7)

Delayed ACL reconstruction’®  47.1 (41.5 to 52.6)  60.1 (54.1 to 66.2)
Patients left 41 36

Between-group difference —2.0 (-10.0 to 6.0) 8.9 (0.4 to 17.4)

76.5 (71.3 to 81.7)

77.6 (72.7 to 82.5) 82.1(76.6 to 87.6) 82.5 (77.0 to 88.0)

66.5 (60.5 to 72.5)  63.1(55.5 to 70.7)  58.2 (48.2 to 68.1) n/a
13 7 0
10.0 (1.9 to 18.1) 14.6 (5.4 to 23.7) 23.9 (12.4 to 35.4) n/a

“Values are presented as mean (95% CI) Estimated IKDC adjusted for sex, age, and body mass index. ACL, anterior cruciate ligament; IKDC, International

Knee Documentation Committee.
Patients excluded after surgery.
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Figure 4. International Knee Documentation Committee
(IKDC) score over time. ACL, anterior cruciate ligament.
Bars represent 95% Cls.

months of rehabilitation therapy. Patients with unsuccess-
ful nonoperative treatment had a significantly younger age
and higher preinjury activity level.

In our study, most patients who were randomly
assigned to rehabilitation therapy plus optional delayed
ACL reconstruction received surgery after 3 to 6 months
of rehabilitation therapy. A possible explanation for this
peak is the presence of a strong preexisting preference
for surgery in 29.3% of the patients (n = 12). After the min-
imum period of 3 months of rehabilitation therapy accord-
ing to the study protocol was completed, 9 of these patients
(75%) underwent an ACL reconstruction within 3 months.
Most patients reported instability concerns as the reason
for surgical treatment. At baseline, not all of these patients
experienced instability concerns according to their
Lysholm score. This indicates that symptomatic instability
can also become a problem later on during the nonopera-
tive treatment period. After 1 year, patients still received
an ACL reconstruction in our study. Frobell et all!
reported similar results; in their study, some patients
even received surgery after 2 years of nonoperative treat-
ment because of new instability concerns.

At the last questionnaires before delayed ACL recon-
struction, 43.9% of the patients experienced a low IKDC
score, 70.7% reported moderate to severe pain during
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activity, and 80.5% experienced some degree of symptom-
atic instability. Patients in the delayed reconstruction
group reported these 3 symptoms more often compared
with patients in the nonoperative treatment group. Also
during follow-up, patients who eventually received surgery
showed worsening IKDC and pain scores.

Most patients received an ACL reconstruction after 3 to 6
months of nonoperative treatment, but we also found that
some patients developed instability concerns after a longer
period of nonoperative treatment and then received an
ACL reconstruction. Furthermore, symptomatic instability
concerns appear to be the main reason for patients to receive
an ACL reconstruction, but patients also experience other
symptoms, such as a less optimal knee function (IKDC score
<60) and pain during activities of daily living (NRS >3).

In our study, symptomatic instability was the most
important factor in receiving an ACL reconstruction after
a period of nonoperative treatment. These instability
moments and the consequent concerns could increase the
risk for additional intra-articular damage in the ACL-defi-
cient knee, but the evidence for this hypothesis is not con-
clusive.® There is also no consensus about which level of
instability concerns is clinically acceptable. Different objec-
tive measures of knee instability have been developed over
the past years.'”?® These measures include different tech-
niques to quantify knee instability, such as imaging techni-
ques to detect rotational and anterior-posterior
instabilities,'® devices to measure knee laxity,?? and gait
analysis.>?° However, the question is to what extent these
measures correlate with the amount of instability that is
experienced by the patient. Objectifying knee instability
that patients experience during daily living still remains
a challenge.'® Laxity in the knee joint measured via differ-
ent diagnostic techniques is different from instability expe-
rienced by the patient.

In our study, we focused on instability experienced by the
patient since this is in our opinion the best representation of
how a patient experiences concerns in daily living. We found
that patients with an ACL-deficient knee reported different
levels of symptomatic instability and that even patients who
rarely experienced knee instability also received an ACL
reconstruction. It is possible that these patients have such
a high desired activity level that they do not accept any
experienced knee instability. Furthermore, we showed
that in the delayed ACL reconstruction group, there were
both patients who already had instability concerns at base-
line and patients who developed instability concerns during
follow-up. This could indicate that symptomatic instability
of the knee is fluid or that instability concerns change
over time because of changes in activity level or changes
in desired knee function.

Besides symptomatic instability, patient preference also
plays an important role in the decision-making process for
surgery. This has evolved into more emphasis on shared
decision making, which has been defined as “an approach
where clinicians and patients share the best available evi-
dence when faced with the task of making decisions, and
where patients are supported to consider options, to
achieve informed preferences.”” We tried to objectify as
many of these parameters as possible in our study and
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are further developing this area, where patients’ and
physicians’ preferences are part of the decision making.

At baseline, patients in the delayed ACL reconstruction
group had a significantly younger age and higher preinjury
Tegner score compared with patients in the nonoperative
treatment group. Although we focused on PROMs at the
moment of decision making for ACL reconstruction, these
differences in baseline characteristics cannot be ignored.
Activity level is probably the most important predictor
for the necessity of an ACL reconstruction.'® It is thought
that the more a patient practices pivoting sports, the
greater chance this patient needs a reconstruction.>%%4
In our study, patients who needed a reconstruction also
had a younger age compared with the patients who were
successful with nonoperative treatment. This is similar to
the study by Eitzen et al,® who also found a younger age
in patients who needed an ACL reconstruction.

A limiting factor of this study is that deciding to perform
an ACL reconstruction is a subjective decision of both the
orthopaedic surgeon and the patient. In this study, we tried
to objectify multiple aspects of this decision making, such as
symptoms before surgery and time to surgery. However, it is
hard to quantify and qualify all aspects of decision making.
In clinical practice, patients visit the surgeon with specific
concerns and wishes, but these are not always comparable
with the filled-out questionnaires at each time point. We
still aimed to cover all aspects of unsuccessful nonoperative
treatment by investigating it from different perspectives;
namely, why, when, and which patients needed an ACL
reconstruction. Another limitation is the potential presence
of recruitment bias in the COMPARE trial because 41% of
the eligible patients declined to participate in the trial. Fur-
thermore, the relatively small sample sizes in each group
led to a higher fragility index.

In conclusion, our current study provides more insight in
patients who have unsuccessful nonoperative treatment after
an ACL injury. To our knowledge, this is the first study that
describes why, when, and which patients with an ACL injury
who started with nonoperative treatment received an ACL
reconstruction in an RCT setup. We found that patients
who received surgery experienced more knee instability,
had lower IKDC scores, and reported more pain during activ-
ity compared with patients who followed a nonoperative
treatment successfully. Most patients had unsuccessful non-
operative treatment after 3 to 6 months of rehabilitation
therapy, but some, after a longer period of nonoperative
treatment. Patients who received surgery had a younger
age and higher preinjury activity level at baseline.
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