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Abstract

Purpose The diagnostic accuracy of clinical tests for anterior cruciate ligament injury has been reported in previous system-
atic reviews. Numerous studies in these reviews include subjects with additional knee ligament injury, which could affect the
sensitivity of the tests. Meta-analyses have also been performed using methods that do not account for the non-independence
of sensitivity and specificity, potentially overestimating diagnostic accuracy. The aim of this study was to report the diagnostic
accuracy of clinical tests for anterior cruciate ligament tears (partial and complete) without concomitant knee ligament injury.
Methods A systematic review with meta-analysis was performed according to the PRISMA guidelines. Meta-analyses
included studies reporting the specificity and/or sensitivity of tests with or without concomitant meniscal injury. Where
possible, pooled diagnostic estimates were calculated with bivariate random-effects modelling to determine the most accu-
rate effect sizes. Diagnostic accuracy values are presented for the anterior drawer, Lachman, Lever sign and pivot shift tests
overall and in acute or post-acute presentations.

Results Pooled estimates using a bivariate model for overall sensitivity and specificity respectively were as follows: anterior
drawer test 83% [95% CI, 77-88] and 85% [95% CI, 64-95]; Lachman test 81% [95% CI, 73-87] and 85% [95% CI, 73-92];
pivot shift test 55% [95% CI, 47-62] and 94% [95% CI, 88-97]; Lever sign test 83% [95% CI, 68-92] and 91% [95% CI,
83-95]. For specific presentations, the sensitivity and specificity of the Lachman test, respectively, were: complete tears 68%
[95% CI, 54-79] and 79% [95% CI, 51-93]; post-acute injuries 70% [95% CI, 57-80] and 77% [95% CI, 53-91].
Conclusions The pivot shift and Lever sign were the best tests overall for ruling in or ruling out an anterior cruciate ligament
tear, respectively. The diagnostic accuracy of the Lachman test, particularly in post-acute presentations and for complete
tears, is lower than previously reported. Further research is required to establish more accurate estimates for the Lachman
test in acute presentations and partial ligament tears using bivariate analysis.
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Introduction

Anterior cruciate ligament (ACL) injuries are common with
a median annual incidence of 0.03% per person overall and
up to 3.7% in professional athletes [52]. Potential conse-
quences of an ACL tear include further knee injury, post-
traumatic osteoarthritis, and reduced quality of life [21];
therefore, prompt, accurate diagnosis is important to expe-
dite treatment and mitigate these risks.

ACL tears are diagnosed by combining patient history
and physical examination with imaging modalities utilised
if required [21]. History elements include a traumatic pivot-
ing mechanism, typically without direct contact to the knee,
a ‘popping’ or ‘snapping’ sensation, effusion within 2 h of
injury and knee instability [13, 15, 25, 37, 75, 76]. Based
on an overview of systematic reviews investigating the diag-
nostic validity of physical examination tests, the Lachman
test is considered to be of high diagnostic value to confirm
and exclude an ACL tear, while the pivot shift test may be
used to rule in an ACL injury when positive [14]. The Lever
sign demonstrates similar diagnostic accuracy to more estab-
lished tests [2, 59], but these tests have not been compared
directly using the same inclusion and exclusion criteria.

Although this synthesis of data represents the best avail-
able evidence to guide clinical practice [21], numerous
studies in the aforementioned systematic reviews include
subjects with additional knee ligament injury [4, 7, 28, 34,
47, 50, 77], which could affect test sensitivity. Since up to
half of all patients with an ACL tear sustain a concomitant
medial or lateral ligament injury [1, 55, 63], it is important
to determine the diagnostic accuracy of ACL tests in the
absence of such injury. Furthermore, previous meta-analyses
have evaluated studies by methods that do not account for
the non-independence of sensitivity and specificity, which
are often negatively correlated. More recently, approaches
such as bivariate random effects models have been recom-
mended for meta-analysis of diagnostic test accuracy [27,
60].

The purpose of this systematic review with meta-analysis
was to provide an updated synthesis of studies reporting the
diagnostic accuracy of clinical tests for ACL tears (partial
and complete) without concomitant knee ligament injury.
Data are presented for the anterior drawer, Lachman, Lever
sign and pivot shift tests [24, 42, 46, 73] performed without
anaesthesia, in acute and post-acute presentations.

The study hypotheses were that ACL clinical tests will
have lower sensitivity in the absence of concomitant liga-
ment injury, and the diagnostic accuracy of the Lachman
test will be superior to the Lever sign. The findings from this
study will provide more accurate estimates of the diagnostic
ability of ACL tests, to inform clinicians in these common
clinical situations.

@ Springer

Materials and methods

The study was registered on PROSPERO
(CRD42021231446). A Preferred Reporting Items for Sys-
tematic Review and Meta-Analyses (PRISMA) protocol [51]
defined the aim, objectives, the ‘Population, Intervention,
Comparison, Outcomes and Study design’ (PICOS) [3]
framework, search terms, inclusion and exclusion criteria.

Search strategy

A search was conducted for relevant studies without restric-
tion on date of publication using the bibliographic databases
PubMed, Scopus, MEDLINE and Web of Science (Supple-
mental Table 1).

Study selection

Results from bibliographic databases were combined and
duplicates removed. Studies obtained through screening pre-
vious systematic reviews were also considered and PRISMA
flow diagram and checklist followed to screen literature and
report selection of relevant studies (Fig. 1 and Supplemental
Fig. 1) [51].

Identification of eligible studies

Inclusion and exclusion criteria for the study are defined in
Supplemental Table 2. Bibliographic database search results
were uploaded into Rayyan QCRI web application (https://
rayyan.qcri.org/cite) [56] and the titles and abstracts of
every citation screened to exclude clearly irrelevant studies.
Remaining citations were independently reviewed by PAS,
RAO and RN for eligibility based on title, abstract and full
text and conflicts resolved by consensus.

Quality assessment

Standardised assessment of the quality of reporting by pri-
mary diagnostic accuracy studies and risk of bias regarding
applicability of results was determined using QUADAS-2
tool [78] (Supplemental Table 3).

Data abstraction

Values of 2 X2 contingency tables [number of true posi-
tives (TP), false positives (FP), true negatives (TN) and
false negatives (FN)] were extracted from each study. If this
information was not provided, the values were calculated
from descriptive statistics presented within the study. If
this was not possible for at least one of the two diagnostic
properties of sensitivity [TP/(TP +FN)] or specificity [TN/
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(TN + FP)] the studies were excluded from meta-analysis.
A cut-off of 3-weeks post-injury was used to differentiate
acute (< 3 weeks) and post-acute (> 3 weeks) presentations.

Data analysis

Bivariate diagnostic random-effects meta-analysis was per-
formed where studies reported both sensitivity and specific-
ity as this approach is considered more valid than univariate
analysis [19, 65]. A univariate random effects model meta-
analysis was used where studies reported only sensitivity
or specificity and to enable meaningful comparison with
previous systematic reviews [65]. The sensitivity and speci-
ficity were analysed by subgroups of the time since injury
(acute or post-acute), injury type (partial or complete tear)
and reference used (arthroscopy or MRI). Positive (LR +)
and negative (LR-) likelihood ratios were calculated from
the values of sensitivity and specificity to determine the pre-
to post-test shift in probability of an ACL tear [48]. The
analysis was performed in R Studio (https://rstudio.com;
supplemental information) [61] using mada [19] and meta
[65] packages.

A 4

Records excluded
(n =24748)

Records screened
(n =24828)
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Results
Selection of studies

The total number of citations retrieved from the biblio-
graphic databases was: PubMed 7369, Scopus 17125, MED-
LINE 5094 and Web of Science 4329. Screening of previous
systematic reviews identified 24 additional citations. Screen-
ing titles and abstracts of the citations against the inclusion
and exclusion criteria identified 80 studies for potential
inclusion with in-depth scrutiny of each article generating
24 studies for final inclusion in this review [6, 8, 9, 11, 12,
18, 20, 22, 25, 26, 33, 38, 39, 41-45, 49, 54, 57, 62, 72,
75]. Selection of studies is summarised in the PRISMA flow
diagram (Fig. 1) and details of excluded studies with justifi-
cations provided in supplemental information.

Study characteristics
Comprehensive description of each study and patient cohorts
is provided in Tables 1 and 2. Only two studies [6, 8] were

not considered at risk of bias (Table 3). One study was an
RCT [6], seven studies had a prospective design [8, 42, 43,
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Immediate— test

No data
(40.2)

74 M

Yes

Prospective Examiner No data No data

Unclear/
both

9-81 days

Wagemakers

after MRI

60 F

blinded to
MRI and

et al. 2010

[75]

clinical his-
tory

The table reports data extracted from each study relevant to the study questions. RCT randomised controlled trial, M male, F female, N/A not applicable, ADS anterior drawer sign

49, 54,72, 75] and 14 assessed patients retrospectively [9,
12, 18, 20, 22, 26, 33, 38, 39, 41, 44, 45, 57, 62]. Arthros-
copy and/or arthrotomy was used as a gold standard in 17
studies [6, 8, 9, 11, 12, 18, 20, 22, 25, 38, 39, 43, 44, 54, 57,
62, 72] with MRI reported as a reference standard in seven
studies [26, 38, 41, 42, 45, 49, 75]. Isolated ACL tears were
analysed in seven studies [6, 9, 11, 20, 25, 42, 49], whereas
ten studies recruited patients with an isolated ACL tear or
combined ACL tear and meniscal injury [8, 18, 20, 22, 26,
39,41, 62,72, 75]. The spectrum of conditions was not spec-
ified or unclear in eight studies [12, 18, 33, 38, 43-45, 57].
Patient cohorts with complete ACL tears only were analysed
by ten studies [6, 8, 11, 12, 20, 25, 39, 42, 44, 75], partial
ACL tears only were analysed in two studies [22, 42], com-
bined complete and partial ACL tears in nine studies [9, 18,
22, 26, 38, 43, 45, 49, 75]. Six studies did not specify the
type of ACL tear [33, 41, 54, 57, 62, 72]. The number of
patients in cohorts extracted from studies ranged from six
[22] to 217 [22]. The average age of patients ranged from 21
[8] to 45 [6, 39] with seven studies including patients below
16 years of age [8, 9, 20, 33, 45, 49, 62]. Time from injury
was not defined in three studies [38, 45, 72] while acute,
subacute and/or chronic injuries were included in the same
cohort in six studies [9, 33, 41, 43, 57, 75]; three studies
described patients as acute yet did not specify time from
injury [8, 49] or provided only the average time [62].Each
study has been screened for risk of bias based on 4 criteria
of patient selection, index test, reference standard and flow
and timing. Bias screening is presented as Low Risk (if the
answer is “yes” to all signalling questions for a domain)
High Risk (if the answer is “no” to all signalling questions
for a domain), ? Unclear Risk (insufficient data reported pre-
cludes judgement)

Two studies performed arthrocentesis before examination
[26, 62] and two studies did not aspirate the joint, while the
remaining studies make no mention of such interventions.
Six studies implemented measures to blind the examiner to
patient history [6, 11, 25, 33, 54, 75] and available imaging
[6, 11,25, 33,42, 54, 75] or to prevent facial recognition of
a previously seen patient [11], whilst other studies did not
report and/or did not use such strategies. Random order of
testing was applied in four studies [6, 11, 25, 54].

Meta-analysis

Bivariate random effects model meta-analysis was possible
for data from 12 studies (Table 4 and Supplemental Tables 4,
5, 6) [6, 11, 25, 26, 33, 38, 41, 45, 49, 54, 72, 75]. For all
studies combined, the pivot shift test had the highest speci-
ficity (94%) and LR +(10.70), producing a large shift in the
positive post-test probability. However, this test also had the
lowest sensitivity (55%) and highest LR— (0.48), produc-
ing the smallest shift in negative post-test probability. The
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Table 2 (continued)

Characterisation of patient cohorts within studies

C & P complete and partial, ADS anterior drawer sign, A arthroscopy, MRI Magnetic Resonance Imaging, ACL anterior cruciate ligament, SN sensitivity, SP specificity, TP true positives, TN

true negatives, FP false positives, FN false negatives

Lever sign produced moderate shifts in the positive post-
test probability and was the only test to produce a moder-
ate shift in the negative post-test probability. The anterior
drawer and Lachman tests produced moderate shifts in the
positive post-test probability and small shifts in the negative
post-test probability. The post-test probability of an ACL
tear for all tests is illustrated in Fig. 2 using a 36% pre-test
probability [63].

Based on studies using gold-standard arthroscopy and/or
arthrotomy for reference [6, 8, 9, 11, 12, 18, 20, 22, 25, 38,
39, 43,44, 54, 57, 62, 72], the anterior drawer was the most
accurate test with the highest LR+ (25.10) and joint lowest
LR— (0.17) alongside the Lever sign, but LR+ confidence
intervals were wide. The pivot shift test produced large shifts
in the positive post-test probability, with the Lachman and
Lever sign producing moderate shifts. The anterior drawer
and Lever sign tests produced moderate shifts in the negative
post-test probability, with the Lachman and pivot shift tests
producing small shifts.

Where MRI was used as the reference standard (Supple-
mental Table 4) [26, 38, 41, 42, 45, 49, 75], the Lever sign
was the most accurate test with the highest LR+ (13.50) and
lowest LR— (0.20). The specificity and LR + of the anterior
drawer and LR + of the pivot shift were considerably lower
than values reported using arthroscopy and/or arthrotomy.

For specific presentations, bivariate random effects
model meta-analysis was only possible for the Lachman
test in post-acute injuries and complete ACL tears. In both
presentations, the Lachman test produced small shifts in the
positive and negative post-test probability (Supplemental
Tables 5 and 6).

Pooled diagnostic accuracy estimates were determined
with univariate analyses of data from 23 studies [6, 8, 9, 11,
12, 18, 20, 22, 25, 26, 33, 38, 39, 41-45, 49, 54, 57, 72, 75]
(Table 4 and Supplemental Tables 4, 5, 6). In acute presenta-
tions (< 3 weeks since injury), the Lever sign was the most
accurate test with the highest sensitivity (100%) and joint
highest specificity (94%) alongside the pivot shift. In post-
acute presentations (>3 weeks since injury), the Lever sign
had the highest sensitivity (100%), with the anterior drawer
and pivot shift tests demonstrating considerably higher sen-
sitivity values than in acute presentations. The Lachman
test’s specificity was also higher than in acute presentations;
insufficient data were available to calculate specificity values
for the anterior drawer or Lever sign tests.

For studies reporting complete ACL tears only (Supple-
mental Table 5), the pivot shift test demonstrated the highest
specificity (96%) but lowest sensitivity (48%). The Lever
sign and Lachman tests had the highest sensitivity, with
Lachman also demonstrating high specificity; insufficient
data were available to determine the Lever sign test’s speci-
ficity in complete tears. For partial ACL tears, sensitivity
values only were available for all four tests (Supplemental

@ Springer
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Table 3 QUADAS-2 tool assessment shows potential risks based on study’s design

RISK OF BIAS APPLICABILITY CONCERNS
PATIENT INDEX REFERENCE FLOW AND PATIENT INDEX TEST REFERENCE
SELECTION TEST STANDARD TIMING SELECTION STANDARD

Blanke et al. 2020
Bomberg et al. 1990®
Chong et al. 2017®
Cooperman et al. 199019
Dahlstedt et al. 19891
Deveci et al. 2015*%
Donaldson et al. 19859
Fok et al. 20142
Geraets et al. 201519
Gurpinar et al. 20199
Jarbo et al. 201733
Kostov et al. 201448
Krakowski et al. 20195
Lee et al. 1988“4Y

Lelli et al. 20162
Lichtenberg et al. 20183
Liu et al. 19954

Makki et al. 2019%)
McQuivey et al. 2019%®)
Mulligan et al. 201564
Peeler et al. 20107
Sandberg et al. 19862
Thapa et al. 201572
Wagemakers et al. 2010'7°)
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Each study has been screened for risk of bias based on 4 criteria of patient selection, index test, reference standard and flow and timing. Bias screening is
presented as ©Low Risk (if the answer is “yes” to all signalling questions for a domain) ®High Risk (if the answer is “no” to all signalling questions for a
domain), ? Unclear Risk (insufficient data reported precludes judgement).

Table4 Univariateand All studies [95% CI]
bivariate analysis of diagnostic
clinical tests for all studies Sn Sp LR+ LR- AUC
evaluated
Anterior Drawer (UA) 0.75 0.92 2.4 0.28 -
[0.61; 0.86] [0.67; 0.99] [1.58; 3.64] [0.20; 0.42]
Anterior Drawer (BA) 0.83 0.85 6.34 0.20 0.87
[0.77; 0.88] [0.64; 0.95] [2.32; 15.30] [0.14; 0.30]
Lachman (UA) 0.85 0.93 2.72 0.27 -
[0.77; 0.91] [0.77; 0.98] [1.97;3.77] [0.20; 0.36]
Lachman (BA) 0.81 0.85 5.72 0.24 0.882
[0.73; 0.87] [0.73; 0.92] [2.82; 10.80] [0.15; 0.35]
Lever Sign (UA) 0.98 0.93 [086;0.96]  4.56 0.15 -
[0.88; 1.00] [2.79; 7.45] [0.09; 0.26]
Lever Sign (BA) 0.83 0.91 9.66 [5.01;17.30]  0.18 0.938
[0.68; 0.92] [0.83; 0.95] [0.09; 0.34]
Pivot Shift (UA) 0.48 0.96 1.45 0.52 -
[0.29; 0.68] [0.92; 0.98] [0.73; 2.87] [0.43; 0.64]
Pivot Shift (BA) 0.55 0.94 10.70 0.48 0.828
[0.47;0.62] [0.88; 0.97] [5.43; 19.30] [0.40; 0.56]

AUC area under the curve, BA bivariate analysis, CI confidence interval, LR— negative likelihood ratio,
LR+ positive likelihood ratio, Sn sensitivity, Sp specificity, UA univariate analysis

Comparison of diagnostic clinical tests (anterior drawer, Lachman, Lever sign and pivot shift) in complete
and partial ACL tears, acute and post-acute clinical presentations with arthroscopy and MRI as the refer-
ence standard was performed using univariate and bivariate modelling

@ Springer
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Fig.2 Fagan’s nomogram of shift in pre-test to post-test probability
of clinical tests. Fagan’s nomograms illustrating the shift in pre-test
to post-test probability for the a anterior drawer, b Lachman, ¢ Lever
sign and d Pivot shift tests. The pre-test probability of acute ACL tear
is shown on the left vertical axis (36%). The post-test probability is

Table 5). With exception of the Lever sign, all tests demon-
strated inferior diagnostic ability for ruling out partial ACL
tears compared with complete ruptures.

Discussion

The most important finding of the present study was the
lower diagnostic accuracy values for the Lachman test com-
pared with those reported in previous systematic reviews
[5, 40, 74]. Based on a bivariate analysis of all studies
combined, the pivot shift and Lever sign were the best tests
overall for ruling in or ruling out an ACL tear, respectively.
The diagnostic accuracy values between the anterior drawer,
Lachman and Lever sign tests were comparable, but the
Lachman test demonstrated lower accuracy in post-acute
presentations and complete ACL tears alone. However,
results should be interpreted with caution due to limited
quality evidence and heterogeneity of included studies.

To date, ten previous systematic reviews have been con-
ducted to determine the diagnostic accuracy of clinical tests
for ACL injury [2, 5, 29, 31, 40, 59, 64, 67, 70, 74]. Eight
reviews compared the anterior drawer, Lachman, and pivot
shift tests [5, 29, 31, 40, 64, 67, 70, 74], with the remain-
ing two reviews reporting on the Lever sign test alone [2,
59]. The highest quality meta-analyses for pertinent tests
utilised univariate approaches [2, 5, 59], while the only
meta-analysis employing a bivariate method [64] reported
diagnostic estimates for the anterior drawer and Lachman
tests alone without corresponding likelihood ratios [64],

probability ~ Ratio probability probability Ratio probability

shown on the right vertical axis. The middle vertical axis shows value
of likelihood ratio. The blue line represents a change in ACL tear
probability when the test is positive. The red line indicates a change
in ACL injury probability when test is negative

limiting comparison between studies. The current systematic
review with meta-analysis is therefore the first to provide
pooled diagnostic estimates using bivariate random effects
models for the pivot shift and Lever sign tests overall, and
the Lachman test in specific presentations. This study is also
the first to compare all four tests directly using the same
criteria, report the diagnostic accuracy of the Lever sign test
in acute and post-acute presentations, and includes several
new studies.

With exception of Leblanc et al. [40], which excluded
studies published before the year 2000, previous systematic
reviews included subjects with concomitant knee ligament
injury [4, 7, 28, 34, 47, 50, 77]. In an ACL deficient knee,
concomitant medial or lateral knee injuries can decrease
or increase the grading of the pivot shift test respectively
[69, 71] or preclude the pivot shift phenomenon from tak-
ing place altogether [32]. Likewise, the anterior drawer and
Lachman tests are thought to become increasingly positive
if secondary restraints to anterior tibial translation are also
injured [5, 30, 35]. No studies have validated the patho-
mechanics of the Lever sign [33], therefore it is unknown
whether additional ligament injury influences the outcome
of this test. Since concomitant ligament injuries may affect
the sensitivity of an ACL test, the current study provides
valuable information regarding the diagnostic accuracy of
ACL tests in the absence of such injuries.
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Comparison with other studies

Benjaminse et al. [5], the highest quality meta-analysis
with the most studies included [14], employed a univari-
ate approach and describe Lachman as the most valid test
overall (Sn:85%, Sp:94%). An equivalent univariate analysis
performed in the current study demonstrates almost identical
values (Sn:85%, Sp:93%) (Table 4) but bivariate analysis,
which provides a more accurate estimate of pooled effect
sizes, indicates lower diagnostic accuracy. Since Benjaminse
et al. [5] included studies with concomitant knee ligament
injury and the current review excluded such studies, con-
comitant ligament injury may not necessarily affect the
validity of the Lachman test, but its diagnostic accuracy may
have been previously overestimated. Future studies should
directly compare the diagnostic accuracy of tests in ACL-
injured patients with and without additional ligament injury.

The findings of the present study support recommenda-
tions that the pivot shift should be used to rule in an ACL
tear when positive [5, 14] but the Lachman test did not
demonstrate superior validity when compared with the ante-
rior drawer or Lever sign; therefore, the hypotheses were
rejected. Specifically, the diagnostic accuracy of the Lach-
man test is considerably lower than previously reported in
post-acute presentations [5] and complete tears [40] based
on bivariate analysis values.

Lever sign caution

The lever sign appears to be an accurate test regardless of
time since injury or tear type, somewhat refuting the inter-
dependence between sensitivity and specificity. However,
it is worth noting that the only study with moderate meth-
odology reported a sensitivity of 68% [33] and most stud-
ies demonstrate limited quality [2, 59]. Reiman et al. [59]
reported two diagnostic accuracy values, one including and
the other excluding data from the original study [42]. With
the original data omitted (400 tests with no false positive
or false negative results), the LR + decreased from 128.0
to 13.1 indicating verification and case—control bias [59].
Other studies reporting on the Lever sign test are also at risk
of verification bias [9, 18, 26, 33, 39, 43, 49, 72]; therefore,
results based on time since injury and tear type should be
interpreted with caution.

The original Lever sign study data [42] were included
in univariate analyses but excluded from bivariate analy-
ses; the latter demonstrates inferior diagnostic values for
the Lever sign test, yet it is still comparable with the other
tests. Although bivariate analysis of MRI studies identi-
fies the Lever sign as the most accurate test for diagnosing
ACL tears, the diagnostic accuracy of MRI is dependent
on magnetic field strength [58, 66] and arthroscopic assess-
ment remains the gold standard; therefore, results should

@ Springer

be interpreted accordingly. Given that the Lever sign is the
only test to produce a moderate shift in the negative post-
test probability, other modalities (i.e., arthrometry, MRI or
arthroscopy) should be considered when the history is sug-
gestive of an ACL injury, but clinical tests are negative.

Strengths, limitations and recommendations

To ensure this review was as clinically relevant as possible,
only data for clinical tests performed on non-anaesthetised
(awake) patients, without additional measuring equipment
(e.g., arthrometry), were included. PRISMA guidelines
and QUADAS-2 risk of bias analysis were used to promote
methodological quality of the study. Where possible, a bivar-
iate random effects model meta-analysis was performed as
this method provides the most accurate estimate of pooled
effect sizes and is recommended for meta-analysis of diag-
nostic test accuracy [27]. However, only 12 studies qualified
for bivariate analysis and a lack of sufficient data precluded
comparison between tests based on time since injury and
tear type. Further research is required to establish more
accurate estimates for the Lachman test in acute presenta-
tions and partial ACL tears using bivariate analysis.

Univariate analyses were performed where bivariate anal-
ysis was not possible and to allow comparison with previous
systematic reviews [2, 5, 59], but the difference between
methods should be acknowledged. For example, univariate
analyses in post-acute presentations and complete ACL tears
demonstrate higher sensitivity and specificity values for the
Lachman test than bivariate methods, thereby overestimating
the test’s diagnostic accuracy. The likelihood ratios calcu-
lated by univariate analysis also cast doubt on the accuracy
and reliability of these values; therefore, results should be
interpreted with caution.

The methodological quality of many studies was compro-
mised by numerous factors including a retrospective design
and lack of examiner blinding from clinical information that
could bias the test outcome. With specific reference to the
Lever sign test, studies should clearly report the landmarks
chosen for hand placement, surface used (hard or soft), fist
size, calf size and softness, all of which could affect test out-
comes [33, 39, 42, 47]. Future studies should comply with
the STARD guidelines [10] for completeness and transpar-
ency of reporting.

For this review, arbitrary time frames were used to differ-
entiate acute and post-acute injuries. Whilst the terminology
and time frames are a subject of debate, these categories
were applied based on the most frequently reported thresh-
olds amongst included studies. In addition to time since
injury, future studies should report other covariables that
could influence the outcome of a test. For example, a patient
that is examined 4 weeks after injury may no longer be cate-
gorised as ‘acute’ but can still present with impairments that
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impact the examiner’s ability to perform a test unequivocally
(e.g., pain, effusion, protective guarding). It is proposed that
presentations should be differentiated not only by the time
since injury, but also the presence or absence of associated
impairments. This has previously been suggested to improve
patient care following injury [36].

Studies with concomitant ligament injury were excluded
from this systematic review but those reporting non-obstruc-
tive meniscal tears were included. Meta-regression analysis
demonstrated increased sensitivity of the Lachman test with
a concomitant meniscal tear, but no difference for the pivot
shift or Lever sign tests. No studies reported meniscal root
tears or ramp lesions, which have been shown to increase
anterior and rotational laxity in an ACL deficient knee [16,
17, 23, 53, 68]. However, the awareness and understanding
of these associated lesions has improved over the last decade
and they may, therefore, have been overlooked in older stud-
ies. Future studies should compare ACL test findings with
and without concomitant meniscal injury, to determine their
impact on diagnostic accuracy.

Conclusion

In the absence of concomitant knee ligament injury, the
pivot shift and Lever sign tests demonstrate the highest
diagnostic accuracy for ruling in or ruling out an ACL tear,
respectively. The anterior drawer, Lachman and Lever sign
tests demonstrate similar diagnostic accuracy, but diagnostic
accuracy values for the Lachman test are lower than pre-
viously reported. Within the clinical setting, other modali-
ties (including MRI and arthrometry) are recommended
when the history is suggestive of an ACL tear, but tests are
negative. Where tests are positive, clinicians can diagnose
an ACL tear confidently without additional assessment
techniques.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00167-022-06898-4.
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