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Abstract

Purpose—To determine which patient and injury factors are associated with the detection of
high-grade laxity at examination under anesthesia prior to anterior cruciate ligament (ACL)
reconstruction.

Methods—2318 patients who underwent primary ACL reconstruction without associated
ligament injuries were identified. Demographic data and information regarding meniscal tears
were collected. Patients with high-grade Lachman (>10mm difference from contralateral), pivot-
shift (IKDC grade 3), or anterior drawer (>10mm difference from contralateral) were identified by
physical examination under anesthesia prior to ACL reconstruction. Logistic regression modeling
was used to evaluate whether chronicity of the ACL injury, patient age, sex, body mass index,
generalized ligamentous laxity, and presence of meniscal tears were associated with increased
odds of high-grade laxity, controlling for examining surgeon.
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Results—Patients with chronic tears (>6 months from injury) had greater than twice the odds of
having a high-grade Lachman, pivot-shift, and anterior drawer (all p<0.001) relative to patients
with acute tears (<3 months from injury). Generalized ligamentous laxity (OR=2.33, p<0.001) and
the presence of medial (OR=1.63, p<0.001) or lateral (OR=1.41, p=0.013) meniscus tears were
associated with increased odds of a high-grade Lachman. Age less than 20 years (OR=1.34,
p=0.023), female sex (OR=1.49, p=0.001), generalized ligamentous laxity (OR=3.46, p<0001),
and the presence of a medial (OR=1.53, p <0.001) or lateral (OR=1.27, p=0.041) meniscus tear
were associated with increased odds of a high-grade pivot-shift. Generalized ligamentous laxity
(OR=2.27, p<0.001) and the presence of a medial (OR=1.73, p=0.001) or lateral (OR=1.50, p =
0.010) meniscus tear were associated with increased odds of a high-grade anterior drawer.

Conclusion—Chronic ACL tears, generalized ligamentous laxity, and meniscus tears are
associated with increased odds of high-grade laxity with all three tests. Female patients and age
under 20 is associated with increased odds of a high-grade pivot33 shift.

Level of Evidence—Level 2 - lesser quality prospective study

Introduction

The anterior cruciate ligament (ACL) is frequently injured in athletic populations. Knee
laxity in the setting of an ACL injury is often assessed through physical examination using
the Lachman,(1) pivot-shift,(2, 3) and anterior drawer tests.(4) The degree of laxity noted on
these examinations, along with the patient’s history and imaging findings, informs the
physician’s diagnosis and may influence treatment decisions and prognosis.(5)

In addition to injury to the ACL, numerous other factors may influence the degree of laxity
detected with these physical examination tests. Previous work has demonstrated an increased
incidence of a positive Lachman, anterior drawer, and pivot-shift in the setting of more
chronic ACL injuries.(6—10) Previous studies have demonstrated a higher prevalence of
lateral meniscus tears in patients with a high49 grade pivot-shift (11, 12) and in those with a
positive anterior drawer test.(13) The influence of patient demographic factors on the
findings of these pre-operative physical examination tests has not been explored in detail,
although females have been noted to have increased anterior laxity in some series following
ACL reconstruction.(14) All previous studies on the subject have involved relatively small
patient numbers, limiting the number of potential factors that could be evaluated.

The purpose of this study is to determine which patient and injury factors are associated with
the detection of high-grade laxity at examination under anesthesia prior to ACL
reconstruction. We hypothesized that younger age, female sex, lower body mass index
(BMI), generalized ligamentous laxity, concomitant meniscus injuries, and increased time
from ACL injury to reconstruction are associated with high-grade laxity prior to ACL
reconstruction.
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From an ongoing IRB approved prospective comparative study, 2859 patients were identified
who underwent ACL reconstruction between 2002 and 2008. No patients with associated
fractures were included in the cohort. Following exclusion of patients undergoing revision
surgery and those with bilateral injuries, 2525 patients remained who underwent unilateral
primary ACL reconstruction. Following exclusion of 199 patients with associated grade 2 or
3 collateral ligament injuries or posterior cruciate ligament injuries according the magnetic
resonance imaging and examination at the time of reconstruction, 2326 patients were
eligible for inclusion in the current study. Complete data regarding laxity at the time of ACL
reconstruction was available for 2318 patients (99.6%) that form the study population
(Figure 1).

Data Extraction

Statistics

Demographic data (age, sex, BMI), physical examination findings under anesthesia prior to
ACL reconstruction, the presence of concomitant meniscus injury, the surgeon performing
the examination, and the time from ACL injury to reconstruction were collected. Patients
reported by the operating surgeon as having a Lachman or anterior drawer examination
greater than 10 mm difference from the contralateral side were classified as having a high-
grade Lachman or anterior drawer respectively (based on the IKDC classification system).
Studies is awake patients have demonstrated variables degrees agreement among
investigators when classifying anterior translation using this system.(15—18) Patients
reported by the operating surgeon as having an IKDC 3+ pivot-shift were classified as
having a high88 grade pivot-shift. The pivot-shift examination has also been shown to have
moderate inter-rater reliability.(18) Generalized ligamentous laxity was classified according
to the IKDC system as “tight,” “normal,” or “lax.” For analysis, these were collapsed into
two categories based on whether they were classified as “lax” or not. Meniscus tears were
classified as absent or present in both the medial and lateral compartments. The time from
ACL injury to surgery was classified as acute (less than 3 months), intermediate (3 to 6
months), or chronic (greater than 6 months). Due to insufficient certainty of accurate patient
reporting of time from injury, chronic injuries were compared to acute injuries when
evaluating the effect of injury chronicity on pre-operative laxity.

Multiple logistic regression modeling was used to evaluate whether patient age, sex, BMI,
generalized ligamentous laxity, meniscal tears, and chronicity of the ACL injury were
associated with increased odds of a high-grade pre-reconstruction Lachman, pivot-shift, or
anterior drawer, controlling for examiner. Because age and BMI were determined not to be
linear in the logit, both were dichotomized for analysis. Age was dichotomized at 20 years
and BMI was dichotomized at 25 kg/m?. Dichotomization at a BMI of 25 was selected
because patients with a BMI over 25 are classified as overweight.(19) The presence of
interactions between chronicity of injury, age, sex, BMI, generalized ligamentous laxity, and
meniscus status were evaluated and no significant interactions were identified. Based on the
24 degrees of freedom required to model these potential predictor variables while controlling
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for examiner (17 surgeons), it was calculated that approximately 240 “events” (patients with
high-grade pre-operative laxity) were needed for each laxity assessment. With a minimum of
10% of the 2318 patients exhibiting high-grade laxity, the sample size was adequate for this

analysis.

The 2318 patient study group consisted of 1299 males (56.0%) and 1019 females (44.0%).
Mean patient age was 26.7 £ 11.1 years (range: 10-68 years), including 868 patients under
age 20 (mean: 16.3 + 1.8 years) and 1450 patients age 20 and older (mean: 32.9 + 9.6 years).
Mean BMI was 25.5 + 4.9 kg/m?, including 1182 patients with a BMI less than 25 kg/m?
(mean: 22.1 + 1.8 kg/m?2) and 1113 patients with a BMI of 25 kg/m? or greater (mean: 29.2
+ 4.4 kg/m?). BMI was unknown in 23 patients (0.1%). One hundred ninety-eight patients
(8.5%) were characterized as having generalized ligamentous laxity. There were 1428
patients with acute tears who underwent ACL reconstruction within 3 months of injury
(61.8%), 331 patients with intermediate tears who underwent ACL reconstruction between 3
and 6 months after ACL injury (14.3%), 552 patients with chronic tears who underwent
reconstruction greater than 6 months after ACL injury (23.8%), and 7 patients in whom the
date of injury was unknown (0.3%). At reconstruction, medial meniscus tears were noted in
931 patients (40.2%) and lateral meniscus tears were noted in 1098 patients (47.4%).

At total of 739 of 2318 patients (31.9%) demonstrated high-grade laxity on at least one
physical examination test, including 167 patients (7.2%) who exhibited increased laxity on
all three tests (Figure 2). The proportion of patients noted by each surgeon as having high-
grade laxity varied greatly, ranging from 2.4% to 73.5% A high-grade pre-reconstruction
Lachman (side-to-side difference of greater than 10 mm) was noted in 331 patients (14.3%),
a high-grade pre-reconstruction pivot-shift (IKDC 3+) was noted in 614 patients of (26.5%),
and a high-grade pre139 reconstruction anterior drawer (side-to-side difference of greater
than 10 mm) was noted in 230 patients (9.9%).

Multiple logistic regression demonstrated a high-grade Lachman to be associated with
generalized ligamentous laxity, the presence of medial or lateral meniscus tears, and chronic
relative to acute ACL injury (Table 1). Similarly, a high grade pivot-shift was associated
with age less than 20 years, female sex, generalized ligamentous laxity, the presence of a
medial or lateral meniscus tear, and chronic relative to acute ACL injury (Table 2). Finally, a
high-grade anterior drawer was associated with generalized ligamentous laxity, the presence
of a medial or lateral meniscus tear, and chronic relative to acute ACL injury (Table 3). No
correlation was noted between BMI and high-grade Lachman, pivot-shift, or anterior drawer.

Discussion

The key findings of this study are that patient age, sex, generalized ligamentous laxity, and
presence of meniscal pathology significantly influence the odds of detection of high-grade
ligamentous laxity in the setting of an ACL injury. Additionally, previous reports that more
chronic ACL injuries are more likely to demonstrate increased laxity were confirmed.
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Previously published work has demonstrated that lateral meniscus loss is associated with a
larger pivot-shift prior to ACL reconstruction,(11) while demonstrating other factors such as
femoral condylar anatomy that can also influence this risk.(12, 20) The current study
confirmed the influence of lateral meniscus injury of pivot-shift magnitude, but also noted a
relationship between pivot-shift magnitude and medial meniscus pathology that was not
noted in prior work. These conflicting data may reflect differences between instrumented
pivot164 shift assessment as done by Musahl et al(11) and the manual assessment performed
by surgeons in the current study. There has been very little prior work evaluating the impact
of patient demographic factors on pre-reconstruction knee laxity. Pre167 operative rotational
knee laxity has been shown to strongly correlate with post168 operative rotational laxity,(21)
and increased post-reconstruction laxity has been demonstrated to correlate with lower
patient satisfaction(22) and Lysholm scores.(23) It is therefore important to understand
factors associated with high171 grade laxity that may allow identification of populations at
higher risk for poorer outcomes.

There is little known regarding factors that influence anterior knee laxity as determined with
the Lachman test beyond ACL injury and the time from injury to reconstruction. This study
identifies patient characteristics and meniscal pathology factors that are strongly associated
with a high-grade Lachman. As with the pivot177 shift, such knowledge is important as
increased anterior knee laxity at 20 degrees of flexion has been associated by some authors
with poorer patient-reported outcomes following ACL reconstruction.(5)

Previous work evaluating the sensitivity of the anterior drawer test have demonstrated the
test to be less sensitive than the Lachman examination,(24) with a higher odds of a positive
result reported in the setting of an ACL tear with associated meniscal tears than in the setting
of an isolated ACL tear.(13) The current study confirms this finding, which likely reflects
the key role of the medial meniscus as a restraint to anterior tibial translation in the ACL
deficient knee.

The high-grade laxity patient population may represent a group at increased risk of poor
results following ACL reconstruction. Some authors have suggested that additional
augmentation procedures in such patients to control high-grade laxity may improve
outcomes.(25) Further work is required to determine the best management for such patients,
but an understanding of the factors related to such laxity is critical.

The strengths of this study include a large sample size, which allowed for robust logistic
regression analysis, and prospective data collection that which resulted in a very complete
dataset. The data were collected by 17 surgeons at multiple institutions, making them
broadly generalizable. In addition, separate reporting of medial and lateral meniscus tears is
considered a strength of the study.

Limitations

This study does have several limitations. No specialized instruments were used to assess pre-
reconstruction knee laxity and no assessment of intra- or inter201 rater reliability was
performed. Previous studies have demonstrated inconsistent inter-rater reliability for
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assessment of laxity in ACL deficient knees, (17, 18) with guarding noted as a contributing
factor.(20) Although the examinations in the current study were all performed under
anesthesia, the laxity measures remain subjective and examiner-dependent. While limited,
these assessments do represent the laxity data most frequently obtained and used by
surgeons in making treatment decisions, making the data highly relevant for surgeons. Due
to the variability laxity assessment among examiners, the logistic regression model did
include and control for the examining surgeon, mitigating the influence of any examiner
effects on the findings of the study. A further limitation is the lack of imaging data that
would allow for assessment of other factors that may influence laxity, including condylar
morphology and the presence of osteoarthritis.(12) Details of the depth of anesthesia and
patient paralysis would have also been useful to control for in the model; however, these data
are not available. Further, while patients were generally not reconstructed until the knee was
calm, post-injury stiffness could potentially influence laxity assessments in patients
reconstructed acutely; however, findings that laxity is increased in more chronic cases case
been confirmed by prior Work.(6—10) A more detailed assessment of the degree of
generalized ligamentous laxity demonstrated by each patients (such as a Beighton score)(26)
would also have been interesting to assess,; the collected data included on ly the IKDC
classification of “tight”, “normal”, or “lax.”A final limitation of this study is the lack of
specific details regarding the type of meniscus tears that were noted in each patient. Larger
or more peripheral tears, as well as those located in the posterior horn of the menisci
(particularly medially) may have a larger influence on the presence of high-grade knee
laxity. Although some of this information was obtained at the time of surgery, this study was
not appropriately powered to analyze this question.

Conclusion

Chronic ACL tears, generalized ligamentous laxity, and meniscus tears are associated with
increased odds of high-grade laxity with all three tests. Female patients and age under 20 is
associated with increased odds of a high-grade pivot232 shift.
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2859 Patients enrolled in a
prospective ACL cohort study
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2525 Patients who underwent

primary unilateral ACLR

|—

2326 Patients eligible for

study inclusion
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2318 Patients included
in the study

Figure 1.

Flowchart demonstrating the selection of patients for study inclusion as well as loss to

follow-up.

334 Excluded
Revision ACLR: 321
Bilateral Injuries: 13

199 Excluded
PCL injury: 46
Grade 2 or 3 collateral injury: 153

8 Excluded
Incomplete laxity data
reported at reconstruction
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Figure 2.
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Venn diagram demonstrating the distribution of patients with high-grade laxity by physical
examination test.
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Factors Associated with High-Grade (>10 mm) Lachman Prior to ACL Reconstruction in a Multiple Logistic

Regression Model Controlling for Surgeon

Risk Factor Odds Ratio (95% CI) | Significance
Age less than 20 years 1.16 (0.86-1.56) p=0.33
Female Sex 1.14 (0.87 - 1.50) p=034
Body Mass Index over 25 kg/m2 0.99 (0.72-1.31) p=0.93
Generalized Ligamentous Laxity 2.33(1.59-3.42) p <0.001
Medial Meniscus Tear 1.63 (1.25-2.13) p <0.001
Lateral Meniscus Tear 1.41(1.07-1.84) p=0.013
Chronic (>6 months) Relative to Acute (<3 months) ACL Injuries 2.99 (2.20 - 4.07) p <0.001
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Factors Associated with High-Grade (3+) Pivot-Shift Prior to ACL Reconstruction in a Multiple Logistic

Regression Model Controlling for Surgeon

Risk Factor Odds Ratio (95% CI) | Significance
Age less than 20 years 1.34(1.04-1.72) p=0.023
Female Sex 1.49 (1.18 - 1.88) p =0.001
Body Mass Index over 25 kg/m2 0.89 (0.69 — 1.13) p=0.33
Generalized Ligamentous Laxity 3.46 (2.38 - 5.05) p <0.001
Medial Meniscus Tear 1.53 (1.21-1.94) p <0.001
Lateral Meniscus Tear 1.27 (1.01-1.61) p=0.041
Chronic (>6 months) Relative to Acute (<3 months) ACL Injuries 2.71 (2.04 - 3.61) p <0.001
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Factors Associated with High-Grade (>10 mm) Anterior Drawer Prior to ACL Reconstruction in a Multiple
Logistic Regression Model Controlling for Surgeon

Risk Factor Odds Ratio (95% CI) | Significance
Age less than 20 years 1.15(0.82 -1.61) p=0.43
Female Sex 1.31(0.96 - 1.79) p=0.10
Body Mass Index over 25 kg/m2 0.98 (0.71-1.36) p=0.92
Generalized Ligamentous Laxity 2.27 (1.50 - 3.42) p <0.001
Medial Meniscus Tear 1.73 (1.27 - 2.35) p =0.001
Lateral Meniscus Tear 1.50 (1.10 — 2.04) p =0.010
Chronic (>6 months) Relative to Acute (<3 months) ACL Injuries 3.31(2.33-4.71) p <0.001
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