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Background: Understanding the factors related to patient-reported outcomes (PROs) after anterior cruciate ligament reconstruc-
tion (ACLR) can lead to more effective interventions.

Purpose/Hypothesis: The purpose of this study was to identify factors associated with PRO scores after ACLR. It was hypoth-
esized that concomitant meniscal treatment and postoperative range of motion (ROM) would be associated with early postoper-
ative PRO scores and that postoperative physical findings would be associated with 2-year postoperative PRO scores.

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

Methods: We examined the data from the Tokyo Medical and Dental University Multicenter Arthroscopic Knee Surgery (TMDU
MAKS) Study for patients who underwent primary ACLR with autologous hamstring tendon grafts; 1252 patients in the TMDU
MAKS Study were eligible for inclusion. The International Knee Documentation Committee (IKDC) subjective score, Knee injury
and Osteoarthritis Outcome Score (KOOS), and Lysholm score of the patients at 3 months (n = 675), 1 year (n = 660), and 2 years
(n = 375) postoperatively were assessed using multiple regression to evaluate the strength of the relationship between PRO
scores and the following predictor variables: patient-specific factors, treatment-specific factors, and physical findings.

Results: Improvement in all PROs significantly exceeded the minimal important change at 1 and 2 years postoperatively. Older
age and female sex were predictive of lower PRO scores up to 2 years postoperatively. Concurrent meniscal treatment and lim-
ited range of knee motion were predictive of lower PRO scores at 3 months and 1 year postoperatively. A tighter knee (ie, less
anterior translation) on the injured side compared with the contralateral knee was predictive of lower KOOS-Quality of Life and
IKDC scores at 2 years postoperatively. At all 3 postoperative time points, greater side-to-side difference in knee ROM was pre-
dictive of lower PRO scores.

Conclusion: Inferior PRO scores were associated with concomitant meniscal treatment and limited postoperative ROM until 1
year postoperatively and with older age and female sex up to 2 years postoperatively. PRO scores were associated with knee
stability at all assessed time points.
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Patient-reported outcomes (PROs) after anterior cruciate
ligament (ACL) reconstruction (ACLR) vary between
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specific factors, that can predict or affect PRO scores after
ACLR is important for developing the optimal interven-
tions to maximize clinical outcomes. This will also help
physicians in counseling patients who are considering
ACLR.! Using data from the Multicenter Orthopaedic Out-
comes Network (MOON) Group, Spindler et al?* conducted
a multivariate analysis to identify predictors of sports
function on PROs after ACLR.

During the past decade, large prospective cohort studies
have demonstrated the relationships of older age,® female
sex,® higher body mass index,?® and concomitant meniscal
treatment* with poorer results on PROs after ACLR. How-
ever, a drawback of previous large cohort studies is that
the relationship between PRO scores and postoperative
physical findings on knee examinations performed on-
site, such as the Lachman test, pivot-shift test, and side-
to-side differences in the anterior translation of the tibia,
has rarely been examined. Magnussen et al'® enlisted
a 430-patient subgroup (nested cohort) of the MOON
Group to return to their respective enrolling centers once
between 2 and 3 years after surgery for an evaluation of
postoperative physical findings. Patients visited their out-
patient clinic at 3 months after surgery (to evaluate the
possibility of starting jogging), at 1 year after surgery (to
assess and promote their sports performance), and at 2
years after surgery, expanding the surveillance objectives
of previous studies by including postoperative physical
findings performed on-site at serial time points.

In this study, we aimed to identify the factors associated
with PROs at 3 months, 1 year, and 2 years after ACLR,
using a multicenter serial prospective cohort (Tokyo Medi-
cal and Dental University Multicenter Arthroscopic Knee
Surgery [TMDU MAKS] Study). We hypothesized that con-
comitant meniscal treatment and postoperative range of
motion (ROM) would be associated with early postoperative
PRO scores and that postoperative physical findings would
be associated with PRO scores at 2 years after ACLR.

METHODS
TMDU MAKS Study

The current study used data from the TMDU MAKS
Study, a prospective longitudinal multicenter cohort study
that was designed to identify factors predicting the out-
comes of knee ligament and meniscal surgeries.®?” The
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TMDU MAKS Study was a collaborative effort involving
30 sports medicine surgeons across 12 medical centers.
Patient enrollment began in August 2013. A single princi-
pal university hospital was responsible for entering the
baseline and follow-up data of all participants and func-
tioned as the data coordinating center. The selection
of the surgical technique in each case was left to the discre-
tion of the treating surgeon; however, all participating
surgeons were board-certified orthopaedists and had com-
pleted a subspecialty training program in knee arthros-
copy, including physical examinations of the knee joint
and knee joint arthroscopic procedures at the principal
university hospital. All patients used the same surgical
records and physical examination forms. The study proto-
col received institutional review board approval, and all
participating medical centers obtained local institutional
review board approval or delegated their approval to the
institutional review board of the university hospital. All
patients scheduled for knee ligament and meniscal surgery
at the medical centers were invited to participate in the
TMDU MAKS Study. All patients provided full written
informed consent for participation in this clinical research
before their inclusion in the TMDU MAKS Study.

Study Participants

In total, 2874 patients were enrolled in the TMDU MAKS
Study. Of these, 1485 had an ACL injury. The inclusion cri-
terion for the current study was patients in the TMDU
MAKS Study who underwent primary ACLR using an
autologous hamstring tendon graft between August 2013
and November 2021. A total of 1300 patients met the inclu-
sion criteria. The exclusion criteria were as follows: (1)
patients who experienced concomitant ligament injuries
requiring surgery, (2) patients who underwent combined
high tibial osteotomy for osteoarthritis or additional proce-
dures for osteochondral defects, (3) patients who had prior
surgeries in the involved knee, and (4) patients who had
revision surgery for reinjury, meniscal revision surgery
for meniscal reinjury, or joint mobilization for joint contrac-
ture within 2 years after the index surgery. After excluding
48 patients based on the exclusion criteria, 1252 patients
were eligible for the current study (Figure 1). Of these,
675, 660, and 375 patients visited the outpatient clinic at
3 months, 1 year, and 2 years postoperatively, respectively,
and were included in the analyses for these time points.
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August 2013—November 2021: 1300 patients who underwent
primary ACLR using autologous hamstring tendon graft

48 patients excluded:

» Concomitant ligament injuries requiring surgery (24)
» Combined open-wedge high tibial osteotomy (2)
| » Microfracture (7)

* Prior surgeries in the involved knee (3)

* Revision surgery within 2 years (10)

» Meniscus surgery within 2 years (1)

« Joint mobilization within 2 years (1)

A

1252 patients assessed for eligibility

At 3 months after surgery,
675 patients were included for analysis

At 1 year after surgery,
660 patients were included for analysis

At 2 years after surgery,
375 patients were included for analysis

Figure 1. Flowchart of patient inclusion in the study. ACLR,
anterior cruciate ligament reconstruction.

Clinical Evaluations

Knee joint extension and flexion ROM, side-to-side differ-
ence in extension ROM, side-to-side difference in flexion
ROM, Lachman test (International Knee Documentation
Committee [IKDC] grades 0-3), anterior drawer test
(IKDC grades 0-3), pivot-shift test (IKDC criteria: grade
0 = negative; 1 = glide; 2 = clunk; 3 = gross), anterior
knee translation in the injured knee, and side-to-side dif-
ference in anterior translation (at 30° of flexion with man-
ual maximum drawer using a KT-1000 arthrometer
[MEDmetric]) were recorded preoperatively with the
patient under anesthesia in the operating room as well
as at 3 months, 1 year, and 2 years postoperatively in the
outpatient clinic. After ACLR, each attending surgeon
completed the surgical record form to record the surgical
technique (single bundle [Figure 2A] or double bundle [Fig-
ure 2B]) and any concomitant medial and lateral meniscus
treatment (repair or partial meniscectomy).

Patients completed the IKDC subjective questionnaire®®
and the Knee injury and Osteoarthritis Outcome Score?!
(KOOS; including the Pain, Symptoms, Activities of Daily
Living [ADL], Sports and Recreation [Sports/Rec], and
Quality of Life [QOL] subscales) preoperatively and at 3
months, 1 year, and 2 years postoperatively at the outpa-
tient clinic. In addition, the Lysholm score'* was recorded
by each participating attending surgeon preoperatively
and at 3 months, 1 year, and 2 years postoperatively. If
>50% of the KOOS subscale items were omitted, the
response was considered invalid and no subscale score
was calculated, as per the 2012 KOOS user guide. The
IKDC subjective score was calculated when at least 90%
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of the items were answered. According to the original scor-
ing instructions for the IKDC Subjective Knee Form, miss-
ing values were supplied using the mean score of answered
items.

Statistical Analysis

All statistical analyses were performed using SPSS Ver-
sion 25.0 (IBM Corp). Patient characteristics, postopera-
tive physical findings, and PRO scores were compared at
the 3 postoperative time points (3 months, 1 year, and 2
years) using the Kruskal-Wallis test, followed by the
Steel-Dwass test as the post hoc test and the Fisher exact
test. We evaluated whether patients exceeded the minimal
important change in the KOOS subscale scores (0-18.3
points), IKDC subjective score (10.9 points), and Lysholm
score (10.3 points) as determined with reference to the
Panther Symposium ACL Injury Clinical Outcomes Con-
sensus Group?® and Nwachukwu et al.'®

Multiple regression analyses were used to assess the
strength of the relationship between postoperative PRO
scores at the 3 time points and patient-specific factors,
treatment-specific factors, and physical findings as predic-
tor variables. The independent variables were the follow-
ing 14 factors, grouped as patient characteristics (age at
surgery and sex), surgical factors (concomitant medial
meniscus excision and repair, concomitant lateral menis-
cus excision and repair, and graft type), and postoperative
physical findings (side-to-side difference in knee extension
ROM, side-to-side difference in knee flexion ROM, Lach-
man test grade, anterior drawer test grade, pivot-shift
test grade, and anterior knee translation [on injured side
and side-to-side difference]). Univariate regression analy-
sis was used to assess the correlation of side-to-side differ-
ence in anterior translation with 2-year postoperative
IKDC score. Statistical significance for all tests was set
at P < .05.

The minimum required sample size for multiple regres-
sion was calculated with an « of .05, a B of 0.8, a standard-
ized effect size (f2) of 0.09, and a number of independent
variables (n = 14), resulting in 216 samples indicated for
each of the 3 groups. All 3 groups in the current study
met the minimum sample size requirement.

RESULTS

There were no significant differences in preoperative
patient characteristics among the 3 outcome groups except
for preoperative anterior knee translation and surgical
technique (Table 1). Extension and flexion ROM decreased
from preoperatively to 3 months postoperatively (Table 2).
Accordingly, the side-to-side difference in knee extension
ROM was greater at 3 months compared with 1 and 2 years
postoperatively. The KOOS, IKDC, and Lysholm scores at
3 months postoperatively were comparable to the preoper-
ative scores (Table 3). The scores for all 3 PROs signifi-
cantly increased from preoperatively to 1 and 2 years
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Figure 2. Representative images of (A) single-bundle and (B) double-bundle anterior cruciate ligament reconstruction. The radio-
graphic images (top row) show the bone tunnel (black arrowheads), and the sagittal and coronal T2-weighted fat-suppressed pro-
ton density-weighted magnetic resonance imaging scans (bottom row) show the single-bundle or double-bundle graft (white

arrows).
TABLE 1
Participant Characteristics According to Outcome Assessment®
3 mo Postoperative 1 y Postoperative 2 y Postoperative
Variable (n = 675) (n = 660) (n = 375) P
Age at surgery, y 25.7 + 10.0 [12 to 57] 25.6 + 10.2 [12 to 58] 26.2 + 11.1 [12 to 58] 597
Sex, female/male 342 (51)/333 (49) 336 (51)/324 (49) 201 (54)/174 (46) .626
Preoperative ROM, deg
Extension 2.5 + 3.2 [-10 to 15] 2.1 = 3.0 [-10 to 15] 2.4 + 2.9 [-5 to 15] 224
Flexion 149.8 = 5.5 [115 to 160] 149.1 = 5.6 [100 to 160] 149.7 = 5.4 [130 to 160] .294
Preoperative Lachman test, grade 0/1/2/3 8 (2)/38 (7)/392 (76)/78 (15) 8 (1)/45 (7)/530 (81)/75 (11) 6 (2)/29 (8)/300 (80)/39 (10) .095
Preoperative anterior drawer test, grade 0/1/2/3 36 (5)/130 (19)/465 (69)/40 (6) 42 (6)/138 (21)/454 (69)/21 (3) 15 (4)/79 (21)/270 (73)/8 (2)  .162
Preoperative pivot shift, grade 0/1/2/3 12 (2)/145 (22)/453 (67)/62 (9) 11 (2)/134 (20)/442 (67)/69 (11) 8 (2)/76 (20)/258 (69)/31 (8) .634
Preoperative anterior knee translation, mm
Injured side 13.7 = 3.7 [7 to 29] 14.0 = 3.5 [7 to 29] 14.7 = 3.6 [7 to 29] .001
Side-to-side difference 5.9 = 2.5 [0 to 16] 6.1 = 2.5 [0 to 16] 6.4 = 2.5 [0 to 16] 012
Preoperative PRO scores
KOOS®
Symptoms 79.9 + 16.4 [17.9 to 100] 80.9 + 16.4 [7.1 to 100] 81.1 + 16.2 [7.1 to 100] 513
Pain 82.3 + 14.8 [0.0 to 100] 83.3 £ 14.2 [25.0 to 100] 83.2 + 14.3 [25.0 to 100] .545
ADL 91.1 *+ 12.8 [2.0 to 100] 91.1 * 12.3 [19.1 to 100] 91.1 * 12.2 [25.0 to 100] .996
Sports and Recreation 56.8 = 25.8 [0.0 to 100] 57.5 = 25.6 [0.0 to 100] 57.9 = 25.4 [0.0 to 100] .813
QOL 53.6 = 23.7 [0.0 to 100] 54.6 = 23.4 [0.0 to 100] 54.0 = 22.6 [0.0 to 100] 173
IKDC* 63.3 + 14.4 [3.5 to 95.4] 64.2 + 14.3 [14.9 to 100] 63.3 + 14.1 [14.9 to 100] .600
Lysholm? 83.9 + 14.6 [9.0 to 100] 82.8 + 13.6 [9.0 to 100] 82.4 + 14.0 [83.9 to 100] .565
Surgical procedure, single bundle/double bundle 246 (37)/425 (63) 271 (41)/388 (59) 126 (34)/249 (66) .043
Medial meniscus, repair/partial meniscectomy 193 (29)/47 (7) 197 (30)/43 (7) 122 (33)/24 (6) 732
Lateral meniscus, repair/partial meniscectomy 186 (28)/71 (11) 176 (27)/69 (10) 103 (27)/35 (9) .833

“Data are expressed as mean * SD [range] or n (%). Boldface P values indicate a statistically significant difference between assessment
times (P < .05). ADL, Activities of Daily Living; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthri-
tis Outcome Score; PRO, patient-reported outcome; QOL, Quality of Life; ROM, range of motion.

n = 515 (3 months postoperative), 488 (1 year postoperative), and 277 (2 years postoperative).

‘n = 483 (3 months postoperative), 449 (1 year postoperative), and 255 (2 years postoperative).

9n = 242 (3 months postoperative), 228 (1 year postoperative), and 112 (2 years postoperative).
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Postoperative Physical Findings®

Variable

3 mo Postoperative
(n = 675)

1 y Postoperative
(n = 660)

2 y Postoperative
(n = 375)

Postoperative knee ROM, deg

Extension

Flexion

SSD in extension

SSD in flexion
Postoperative Lachman test, grade 0/1/2/3
Postoperative anterior drawer test, grade 0/1/2/3
Postoperative pivot-shift test, grade 0/1/2/3
Postoperative anterior knee translation, mm

Injured side

SSD

0.4 = 2.0 [-10 to 20]
140.7 = 8.3 [100 to 160]

1.2 = 2.2 [-19 to 10]

8.2 = 8.1[-5 to 50]

625 (93)/41 (6)/7 (1)/2 (<1)

625 (93)/44 (7)/4 (1)/2 (<1)

646 (96)/28 (4)/1 (<1)/0 (0)

8.1 + 2.3 [3 to 16]
0.2 = 1.7 [-10 to 9]

0.7 = 1.9 [-10 to 10]

146.4 + 6.3 [120 to 170]

0.6 = 1.5 [-2 to 10]

2.4 + 4.5 [-25 to 30]

601 (91)/47 (7)/9 (/1 (<1)
601 (91)/51 (8)/8 (1)/0 (1)
601 (92)/52 (8)/2 (<1/0 (<1)

8.6 + 2.3 [3 to 17]
0.6 = 1.5 [-5 to 9]

1.0 = 1.8 [-5 to 10]
148.0 = 6.2 [130 to 155]

04+ 1.1[-5t07]

1.5 = 4.1 [-25 to 20]

333 (89)/34 (9)/8 (2)/0 (0)

348 (93)/21 (6)/6 (2)/0 (0)

336 (90)/31 (8)/7 (2)/0 (0)

9.0 + 2.2 [4 to 16]
0.7 = 1.8 [-10 to 8]

“Data are expressed as mean = SD [range] or n (%). ROM, range of motion; SSD, side-to-side difference.

TABLE 3

Pre- and Postoperative PRO Scores®

3 mo Postoperative

1 y Postoperative

2 y Postoperative

Preoperative

KOOS?

Symptoms 79.6 = 17.1 [0.0-100]

Pain 82.3 = 15.1 [0.0-100]

ADL 91.1 + 12.4 [2.0-100]

Sports/Recreation 56.6 = 26.1 [0.0-100]

QoL 53.8 + 23.7 [0.0-100]
IKDC score® 63.3 = 14.5 [3.5-100]
Lysholm score? 83.6 = 14.6 [5.0-100]

80.4 + 13.7 [25.0-100]
85.9 + 11.7 [41.7-100]
93.1 * 8.6 [23.5-100]
60.9 * 24.9 [0.0-100]
63.4 + 20.6 [0.0-100]
66.8 + 11.7 [15.1-97.7]
91.2 * 7.6 [52.0-100]

89.9 * 10.6 [46.4-100]
93.3 = 8.1 [52.8-100]
98.1 + 4.5 [568.8-100]
86.5 + 15.6 [0.0-100]
81.9 = 17.2 [6.3-100]
87.0 + 11.6 [27.6-100]
95.9 = 5.5 [55-100]

92.5 = 9.2 [53.6-100]
95.0 £ 7.9 [47.2-100]
98.6 * 3.8 [64.7-100]
91.0 * 13.9 [30.0-100]
85.7 + 17.5 [0.0-100]
90.19 = 11.3 [42.5-100]
96.8 = 5.5 [66-100]

“Data are expressed as mean * SD [range]. ADL, Activities of Daily Living; IKDC, International Knee Documentation Committee; KOOS,

Knee injury and Osteoarthritis Outcome Score; PRO, patient-reported outcome; QoL, Quality of Life.
bn = 932 (preoperative), 539 (3 months postoperative), 556 (1 year postoperative), and 303 (2 years postoperative).
‘n = 808 (preoperative), 509 (3 months postoperative), 528 (1 year postoperative), and 313 (2 years postoperative).
9n = 542 (preoperative), 667 (3 months postoperative), 634 (1 year postoperative), and 361 (2 years postoperative).

postoperatively, exceeding the minimal important change
at 1 and 2 years after surgery.

Factors Associated With PRO Scores
at 3 Months After ACLR

Older age was predictive of lower scores on all PROs at 3
months after surgery (Table 4). Male sex was predictive
of better KOOS-ADL and Lysholm scores. Among the sur-
gical factors, medial meniscus repair was predictive of
worse IKDC scores and all KOOS subscale scores except
for KOOS-Symptoms. Compared with double-bundle
reconstruction, single-bundle reconstruction was predic-
tive of better KOOS-Pain, KOOS-QOL, and Lysholm
scores. Greater side-to-side differences in knee ROM
were predictive of lower scores on all PROs. Higher postop-
erative Lachman test grades were predictive of lower
KOOS-Sports and Recreation scores, and higher postoper-
ative anterior drawer test grades were predictive of lower
Lysholm scores.

Factors Associated With PRO Scores
at 1 Year After ACLR

Older age was predictive of lower scores on all PROs 1 year
after surgery (Table 5). Male sex was predictive of better
KOOS-Symptoms and KOOS-Pain scores. Among the sur-
gical procedures, medial meniscus repair was predictive
of lower KOOS-Symptoms and KOOS-Pain scores. Regard-
ing physical findings, greater side-to-side differences in
knee ROM were predictive of lower scores on all PROs,
and higher postoperative anterior drawer test scores
were predictive of lower Lysholm scores.

Factors Associated With PRO Scores
at 2 Years After ACLR

Two years after surgery, older age was predictive of lower
scores on all PROs, and female sex was predictive of lower
KOOS-Symptoms scores (Table 6). None of the surgical fac-
tors were associated with PRO scores at 2 years
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TABLE 4
Multiple Regression Analyses of Factors Associated With PRO Scores at 3 Months Postoperatively®
KOOS
Symptoms Pain ADL Sports/Recreation QoL IKDC Lysholm
(n = 537) (n = 535) (n =537) (n = 526) (n = 534) (n =507) (n = 663)
Patient characteristics
Age at surgery -0.329 + 0.054; -0.356 *= 0.046; -0.295 + 0.034; -0.502 + 0.101; -0.475 + 0.083; -0.237 * 0.049; -0.210 *+ 0.029;
—0.249 (<.001) —0.317 (<.001) -0.356 (<.001) —0.207 (<.001) -0.237 (<.001) -0.206 (<.001) —0.276 (<.001)
Male sex — — 1.547 *+ 0.703; — — — 1.322 *+ 0.574;
0.090 (.028) 0.087 (.022)
Surgical factors
Medial meniscus repair — -2.721 + 1.042; -1.575 = 0.768; -9.211 + 2.297; -3.963 * 1.893; -3.104 * 1.116; —
—0.105 (.009) —0.083 (.041) —0.167 (<.001) —0.087 (.037) —0.120 (.006)
Single-bundle ACLR — 3.141 = 1.047; — — 7.140 * 1.908; — 1.596 + 0.607;
0.126 (.003) 0.162 (<.001) 0.101 (.009)
Postoperative physical findings
SSD in knee extension ROM -0.630 + 0.250; — — — — — —
—-0.105 (.012)
SSD in knee flexion ROM —-0.320 + 0.070; -0.185 = 0.059; -0.109 + 0.043; -0.507 + 0.128; —-0.287 + 0.109; -0.150 = 0.063; -0.126 *+ 0.036;
—0.190 (<.001) -0.130 (.002) —0.103 (.011) -0.166 (<.001) —-0.112 (.009) -0.103 (.017) -0.134 (<.001)
Lachman test — — — —8.548 + 3.240; — —
—0.110 (.009)
Anterior drawer test — — — — — — -1.795 + 0.874;
—0.076 (.040)

“Data are expressed as regression coefficient + SD; standardized partial regression coefficient (P value). Dashes indicate nonsignificant associations. ACLR,
anterior cruciate ligament reconstruction; ADL, Activities of Daily Living; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Oste-
oarthritis Outcome Score; PRO, patient-reported outcome; QoL, Quality of Life; ROM, range of motion; SSD, side-to-side difference.

TABLE 5
Multiple Regression Analyses of Factors Associated With PRO Scores at 1 Year Postoperatively®
KOOS
Symptoms Pain ADL Sports/Rec QoL IKDC Lysholm
(n = 549) (n = 549) (n = 547) (n = 547) (n = 547) (n = 521) (n = 626)
Patient characteristics
Age at surgery -0.255 + 0.041; -0.198 = 0.032; -0.132 *= 0.017; -0.259 + 0.062; -0.377 + 0.068; -0.305 + 0.046; -0.105 = 0.021;
-0.252 (<.001)  -0.259 (<.001) —0.311 (<.001) -0.174(<.001) -0.230 (<.001) -0.278 (<.001) —0.193 (<.001)
Male sex 1.764 + 0.864; 1.466 = 0.676; — — — — —
0.083 (.041) 0.091 (.030)
Surgical factors
Medial meniscus repair -2.013 = 0.920; -1.798 * 0.719; — — — — —
—0.086 (.029) —-0.102 (.013)
Postoperative physical findings
SSD in knee extension ROM -1.324 *+ 0.285; — — — -1.428 + 0.478; — -0.418 + 0.147,
—0.186 (<.001) —0.124 (.003) —-0.111 (.005)
SSD in knee flexion ROM -0.470 + 0.092; -0.279 = 0.070; -0.089 = 0.039; -0.476 =+ 0.140; — -0.249 + 0.105; -0.159 = 0.048;
—-0.206 (<.001) -0.161 (<.001) -0.093 (.023) —-0.142 (.001) —-0.100 (.018) —-0.129 (.001)
Anterior drawer test — — — — — — -1.423 + 0.629;
—0.088 (.023)

“Data are expressed as regression coefficient + SD; standardized partial regression coefficient (P value). Dashes indicate nonsignificant associations. ADL,
Activities of Daily Living; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; PRO, patient-reported

outcome; QoL, Quality of Life; ROM, range of motion; SSD, side-to-side difference.

postoperatively. Regarding postoperative physical find-
ings, greater side-to-side differences in knee flexion ROM
were predictive of lower KOOS-Symptoms scores, and pos-
itive Lachman tests were predictive of lower KOOS-QoL
scores. Positive Lachman test, anterior drawer test, and
anterior knee translation on the injured knee were predic-
tive of lower Lysholm scores. A tighter knee (ie, less

anterior translation on the injured side compared with
the contralateral knee) as indicated by side-to-side differ-
ence in anterior knee translation was predictive of lower
KOOS-QoL and IKDC scores. While the absolute value
and side-to-side difference in anterior knee translation
showed mixed results, scatterplots comparing anterior
knee translation side-to-side differences with KOOS-QoL
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TABLE 6
Multiple Regression Analyses of Factors Associated With PRO Scores at 2 Years Postoperatively®
KOOS
Symptoms Pain ADL Sports/Recreation QoL IKDC Lysholm
(n =312) (n = 312) (n =312) (n =312) (n =311) (n =312) (n = 360)
Patient characteristics
Age at surgery —0.208 + 0.047;, —0.167 + 0.039; -0.084 = 0.018; -0.242 * 0.068; —0.382 + 0.084; -0.294 * 0.054; -0.078 = 0.024;
—0.256 (<.001) —0.239 (<.001) -0.250 (<.001) —0.199 (<.001) —0.248 (<.001) -0.295 (<.001) -0.158 (.002)
Female sex -2.363 + 1.061; — — — — — —
—-0.127 (.027)
Postoperative physical findings
SSD in knee flexion ROM -0.296 + 0.129; — — — — — —
—0.126 (.024)
Lachman test — — — — —8.548 + 3.240; — -2.430 * 0.765;
—0.110 (.009) —-0.174 (.002)
Anterior drawer test — — — — — — -2.538 + 0.873;
—0.115 (.004)
Anterior knee translation — — — — — — -0.323 + 0.128;
on injured side —-0.130 (.012)
Anterior knee translation SSD — — — — 1.631 = 0.614; 0.794 = 0.376; —
0.154 (.008) 0.114 (.035)

“Data are expressed as regression coefficient = SD; standardized partial regression coefficient (P value). Dashes indicate nonsignificant associations. ADL,
Activities of Daily Living; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; PRO, patient-reported
outcome; QoL, Quality of Life; ROM, range of motion; SSD, side-to-side difference.
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Figure 3. Scatterplots showing the postoperative side-to-side difference in anterior knee translation and (A) 2-year postoperative
Knee injury and Osteoarthritis Outcome Score Quality of Life (KOOS-Qol) subscore, with the apex of the quadratic regression
curve occurring when the side-to-side difference was at 2.2 mm, and (B) 2-year postoperative International Knee Documentation
Committee (IKDC) score, with the apex of the quadratic regression curve occurring when the side-to-side difference was at 2.0

mm.

and IKDC scores produced quadratic regression curves
with apices at 2.2 and 2.0 mm of anterior knee translation,
respectively (Figure 3).

DISCUSSION

The main findings of the present study were that after ACLR
with hamstring tendon autograft, lower PRO scores were
associated with factors including older age, female sex,

concurrent meniscal treatment, limited knee ROM, and
both looseness and tightness in knee laxity and that these
factors differed over time up to 2 years postoperatively.

In the current cohort, older age was predictive of lower
PRO scores for up to 2 years after surgery. A prior single-
institution cohort study for single-bundle ACLR found that
IKDC subjective scores at 1 year after surgery decreased
with older age, with the greatest difference being between
the youngest (age, <15 years) and oldest (age, >45 years)
patient groups.?® In a study of data from the Danish
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Knee Ligament Reconstruction Registry, younger patients
(age, <12, 13-15, and 15-19 years) had higher scores on the
combined KOOS Symptoms, Pain, Sports and Recreation,
and QoL subscales compared with adults (age, >20 years).®
The current study extends these findings to include results
from multiple regression analyses using multicenter cohort
data.

In a study of data from the Swedish National Knee Lig-
ament Registry, Barenius et al® observed that medial
meniscus treatment was a significant predictor of treat-
ment failure as defined by a prespecified KOOS cutoff
score. In a multicenter prospective cohort study that eval-
uated 1512 individuals for 6 years, Cox et al* revealed that
lateral meniscus repairs were not associated with inferior
results but that medial meniscus repairs predicted worse
IKDC subjective and KOOS values at 6 years after
ACLR. Those authors referred to a previous suggestion
by Shelbourne and Gray?® that medial meniscal tears dif-
fer from lateral meniscal tears on the load distribution
function in the ACL-injured population. Similarly, in the
current study cohort, concurrent medial but not lateral
meniscus repair was found to be predictive of lower PRO
scores at 3 months (KOOS-Pain, KOOS-ADL, KOOS-
Sports and Recreation, KOOS-QoL, and IKDC) and 1
year (KOOS-Symptoms and KOOS-Pain) postoperatively.
On the other hand, medial meniscus repair was not predic-
tive of lower scores at 2 years after surgery. However, since
these data are from a cohort study and not a randomized
controlled study, they do not necessarily mean that menis-
cal repair would result in worse outcomes than those in
cases in which the injured meniscus had been left
unrepaired.

The relevance of clinical measures of residual knee lax-
ity to PRO scores remains inconclusive, and more evidence
is needed.®!? Patients exhibiting a side-to-side difference
in residual anterior laxity exceeding 6 mm were noted to
have significantly decreased PRO scores 6 years after
ACLR in a cohort of 433 patients studied by the MOON
Group.'® Magnussen et al'® found that the presence of an
increased anterior tibial translation side-to-side difference
of up to 6 mm was not associated with decreases in PRO
scores 2 years after ACLR. Their scatterplot of anterior
knee translation and IKDC subjective scores indicated
a quadratic regression curve with the apex a bit on the
loose side. In the current cohort, looseness on postoperative
Lachman test, anterior drawer test, and anterior knee
translation in the affected knee, as well as tightness in
anterior knee translation side-to-side difference, correlated
with lower PRO scores at 2 years postoperatively. Based on
these results, surgeons should control knee stability by ref-
erencing the contralateral side to ensure the patient’s
satisfaction.

Restored knee ROM correlated with higher PRO scores
at early time points in the current study. Both side-to-side
differences in knee ROM and the strength of the associa-
tions between side-to-side differences in knee ROM and
PRO scores decreased by 2 years postoperatively. Restora-
tion of knee ROM is considered critical for the recovery of
postoperative sports activities. Greater postoperative knee
extension deficit contributes to quadriceps atrophy at 4
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weeks after ACLR.” On the other hand, in a review of
the effect of physical findings on PROs after ACLR, high-
level evidence supporting the association of improvement
in postoperative knee ROM with long-term PRO scores
was not found.”

In the present study, factors for lower PRO scores after
ACLR varied at different time points. Previous research
has shown that older age and female sex contribute to def-
inite poor recovery in muscle strength?® and differences
in biomechanics® over 1 year. Moreover, psychological
responses to recovery after ACLR have been shown to
vary depending on patient sex and age.'® Female patients
and older patients have a more negative outlook for recov-
ery after ACLR, which can affect PROs in the longer
term.2® Patients undergoing concomitant meniscal treat-
ment may have greater irritation after surgery compared
with patients undergoing isolated ACLR. The recovery
time after meniscal treatment is shorter than that after
ACLR. Mean return-to-sports time after isolated meniscal
treatment has been reported to be 5 months.?? The mecha-
nisms of each factor on outcome vary, and different factors
have effects at different time points. Considering these
timing differences may improve interventions, however,
future studies are needed to reveal the specific mecha-
nisms of each factor on poor outcomes.

The clinical relevance of the current study lies in clari-
fying the prognostic value of patient-specific factors,
including age and sex, for counseling patients undergoing
ACLR. Surgeons can share this negative evidence regard-
ing PROs in older or female patients, offer them alterna-
tive nonoperative treatments, and support them in
reaching a satisfactory decision. With regard to postopera-
tive ROM, the current results support the widely accepted
theory that rehabilitative interventions to avoid limited
range of residual knee motion are valuable. Finally, both
looseness and tightness correlated with the lower knee lax-
ity PRO scores. However, further evidence is needed to
obtain robust definitions of the adequate range of knee lax-
ity after ACLR.

Limitations

The most significant limitation of this study was the differ-
ences between successive groups caused by the progressive
loss to follow-up. The consecutive dropouts may have
resulted in some degree of selection bias. Second, several
factors that have been shown to affect PRO scores after
ACLR in previous studies, such as body mass index, were
outside the scope of this study. Third, this study was lim-
ited to 2 years of follow-up. Our short-term outcome data
did not capture the factors associated with the develop-
ment of degenerative changes in the knee joints. Fourth,
because of the squared terms involved in the quadratic
regression, outliers can exert a stronger influence on the
fitted curve. To avoid this problem, we examined the out-
liers in the data set carefully. Fifth, this study only
included measurements at 3 months, 1 year, and 2 years
after ACLR and did not provide any information for other
time points. Finally, prospective cohort studies have an
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inherent technical limitation in that the nonrandomized
design precludes inferences about causality; therefore,
care should be taken when interpreting the results.

CONCLUSION

The nature of the factors associated with lower PRO scores
after ACLR with autologous hamstring tendon differed
over time. Inferior PRO outcomes were associated with
concomitant meniscal treatment and limited postoperative
ROM until 1 year after surgery and with older age and
female sex up to 2 years after surgery. Knee stability
was associated with PRO scores at all assessed time points.
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