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Interrater Agreement of an Arthroscopic
Anterior Cruciate Ligament Tear
Classification System

BEAR-MOON*†

Investigation performed at Cleveland Clinic, Cleveland, Ohio, USA

Background: Anterior cruciate ligament (ACL) rupture is the most common ligament injury treated surgically by orthopaedic
surgeons. The gold standard for the treatment of the majority of primary ACL tears is ACL reconstruction. However, novel methods
of repair, such as bridge-enhanced ACL repair (BEAR), are currently being investigated as alternatives to reconstruction. To assess
patients for midsubstance repair suitability, clarify the prognostic implications of injury location and damage, and evaluate the
results of a repair technique, it is important to have a baseline classification system or grading scale that is reproducible across
surgeons, particularly for multicenter collaboration. Currently, no such system or scale exists.

Purpose: To develop an arthroscopic ACL tear classification system and to evaluate its interobserver reliability.

Study Design: Cohort study (diagnosis); Level of evidence, 3.

Methods: Eleven fellowship-trained orthopaedic surgeon investigators reviewed 75 video clips containing arthroscopic evaluation
of a torn ACL and then completed the 6-question ACL Pathology Evaluation Form. Agreement statistics including exact agreement,
Fleiss k, Gwet agreement coefficient 1 (AC1), and Gwet AC2 were then calculated to assess interobserver reliability.

Results: In aggregate, the multiple assessments of observer reproducibility revealed that surgeon participants in this study, when
evaluating the same injury, agreed roughly 80% of the time on whether (1) at least 50% of the tibial footprint remained, (2) the
remaining tibial stump was�10 mm, and (3) the injury was therefore reparable using the BEAR procedure. Participants also agreed
roughly 60% of the time on exactly how many suturable bundles were available. These characteristics are believed to be most
important, among those studied, in determining whether a torn ACL is amenable to midsubstance repair.

Conclusion: This study is the first of its kind to demonstrate the interobserver reliability of arthroscopic classification of ACL tears.
We have demonstrated that this classification system, though not ideally reproducible, is reliable enough across surgeons at
multiple institutions for use in multicenter studies.

Registration: NCT03776162 (ClinicalTrials.gov identifier).

Keywords: ACL tear; ACL repair; ACL reconstruction; midsubstance repair; interrater agreement; reliability

Acute anterior cruciate ligament (ACL) rupture is the
most common ligament injury treated surgically by ortho-
paedic surgeons.7,20 Currently, the gold standard for the
treatment of primary ACL tears is a reconstruction utiliz-
ing predominantly autograft patellar tendon or hamstring
tendon, with allografts reserved for middle-aged patients.
The choice of graft is based on patient-specific factors,
which have also been incorporated into risk calculators and
nomograms.8,11,19,22 However, novel methods of repair are
currently being investigated as alternatives to reconstruc-
tion. The potential advantages of repair are avoidance of
autograft harvest; reduced morbidity; and maintenance of a
“normal” tibial footprint, which can have potentially better
kinematics and preserve proprioceptive nerve supply.

Moreover, bridge-enhanced ACL repair (BEAR)—which
combines suture repair of the ACL with placement of a
specific extracellular matrix scaffold to facilitate ligament
healing into the gap between the torn ACL ends14,15—has
reduced posttraumatic osteoarthritis as compared with
reconstruction in translational large animal mod-
els.3,14,15,17,18 Other primary repair techniques, with or
without “internal stabilization” and with or without bio-
logic enhancement, are also being used clinically.1,10,13,16

ACL ruptures vary in the location of the ligamentous
disruption (eg, pure avulsion from the femoral insertion,
proximal-third midsubstance rupture, distal-third midsub-
stance rupture), the proportion of the tibial footprint that
remains intact, the damage to the remaining ACL stump,
and the residual ability of the stump to hold a suture for
repair. These factors affect whether a repair can be per-
formed (ie, primary repair vs reconstruction vs BEAR) and
may also influence repair healing.
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To assess patients for repair suitability, clarify the prog-
nostic implications of injury location and damage, and eval-
uate the results of a repair technique, it is important to have
a baseline classification system or grading scale that is
reproducible across surgeons, particularly for multicenter
collaborations. Such a system was developed for meniscal
and articular cartilage for use in 2 prospective longitudinal
cohorts funded by the National Institutes of Health (NIH):
MARS (Multicenter ACL Revision Study) and MOON
(Multicenter Orthopaedics Outcomes Network).4,12 To our
knowledge, no such arthroscopic ACL tear classification sys-
tem currently exists. In this study, we aimed to develop such a
system and evaluate its interobserver reliability.

We hypothesized that fellowship-trained sports medicine
orthopaedic surgeons who are coinvestigators in an NIH-
funded randomized controlled trial on ACL repair would
exhibit moderate to high agreement (reliability) in classify-
ing ACL tears based on a series of predefined qualities: ACL
tibial stump length, percentage of ACL tibial footprint
remaining intact, and anticipated reparability using the
BEAR technique. We thus measured interobserver vari-
ability in a multiobserver study using intraoperatively
obtained arthroscopy videos.

METHODS

Our study was part of an NIH-funded multicenter random-
ized clinical trial of BEAR (ClinicalTrials.gov identifier:
NCT03776162). Institutional review board approval was
granted through the Cleveland Clinic. Before patient
enrollment, the 11 orthopaedic surgeon investigators—
each fellowship trained in sports medicine with extensive
experience in ACL reconstruction—watched a short
instructional video on how to (1) measure the remaining
tibial stump, (2) estimate the proportion of the tibial foot-
print that remained intact, (3) assess the tibial stump for
superficial vascularity, and (4) approximate how many
individual tibial stump fiber bundles could be sutured into
a unified stump. For purposes of the study, an injured ACL

was defined as potentially reparable if the remaining tibial
stump was �10 mm in length, the remaining tissue could
adequately hold a suture, and at least 50% of the tibial
footprint remained in continuity with the 10-mm stump.

To assess the variability in ACL rupture pathology in
preparation for the trial, these surgeons had identified all
ACL reconstructions in their respective practices for at
least 6 preceding months, and 5 (K.P.S., L.D.F., P.S.,
D.F., C.C.K.) had recorded 75 arthroscopic ACL recon-
structions. The resulting video clips were trimmed to �30
seconds and edited to show a concise arthroscopic evalua-
tion of the ACL using a graded arthroscopic probe or an
arthroscopic ruler. This 75-patient video library was used
for an interrater agreement study by the 11 surgeons. Each
video was classified as being of higher or lower technical
quality for characterizing the injury based on surgical
views shown and imaging resolution. Each surgeon
reviewed each video and, based on that review, completed
the 6-question ACL Pathology Evaluation Form (Figure 1).
These forms were completed between August 20, 2018, and
March 30, 2019.

Statistical Analysis

The exact agreement proportion was calculated for all
items (ie, the fraction of all paired comparisons of surgeons’
ratings of individual patients in which the 2 surgeons chose
the same category). In addition, we computed several
“chance-corrected” observer agreement measures:

� Fleiss k and Gwet AC1 (agreement coefficient)6,8 sta-
tistics for reparability (item 1), gross tibial stump vas-
cularity (item 6), and the dichotomies obtained from
splitting the tibial stump length and footprint
responses at their respective 10-mm and 50% repar-
ability thresholds

� Respective quadratically weighted ordinal versions
of these statistics (k and AC2) that, for each 4-
category ordinal item, penalize adjacent category dis-
agreements only one-ninth and for 2-category
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disagreements only four-ninths as severely as dis-
agreements between the highest and lowest
categories

Kappa statistics and Gwet’s more recently proposed AC
statistics6 correct for “chance agreement” from different
perspectives. Kappa statistics define chance agreement
based only on each observer’s overall classification frac-
tions as what would occur on average if observers randomly
reshuffled their assignments of patients to categories.
Kappa statistics thus condition upon the marginal distribu-
tions of patients to item categories for each observer. In
contrast, the Gwet AC statistics are conditioned upon the
overall marginal distribution of response categories across
the population of observers and patients, discarding a frac-
tion of observed agreement attributed to essentially ran-
dom guessing with equal category probabilities by at least

1 observer. These statistics give some credit to marginal
agreement; that is, similar departures of observers’ overall
classification proportions from random equiprobable gues-
sing, even without agreement on individual classifications,
seem to behave reasonably with highly concentrated or
very disparate observer marginal distributions of patients,
for which k statistics can behave paradoxically or unduly
pessimistically.

We assessed k statistics in the context of published inter-
pretive categories that are often applied in the health sci-
ence literature,8 and we assessed k and Gwet AC statistics
using an alternative method proposed by Gwet, adapted to
the same interpretive categories.6 Calculations were per-
formed using the ragree R functions attributed to Gwet in
the GitHub repository, ragree/R/gwet_agree.coeff2.r. These
functions exclude uncategorized (“NA”) responses from the
calculations.

Case ________

Limit your answer to one response per item:

Item 1: Is the ACL repairable utilizing the BEAR technique?
Yes
No

Item 2: How long is the tibial stump of the ACL?
≤5 mm
6-9 mm
10-14 mm
≥15 mm
Not applicable

Item 3: What percentage of the tibial footprint remains intact?
0-24%
25-49%
50-74%
≥75%
Not applicable

Item 4: How long is the femoral stump of the ACL?
≤5 mm
6-9 mm
10-14 mm
≥15 mm
Not applicable

Item 5: How many individual fiber bundles could be sutured together and approximated with the 
BEAR scaffold?
1
2
3
≥4
Not applicable

Item 6: Is there gross vascularity present on/in the tibial stump of the ACL?
Yes
No

Figure 1. The ACL Pathology Evaluation Form. ACL, anterior cruciate ligament; BEAR, bridge-enhanced ACL repair.

The Orthopaedic Journal of Sports Medicine ACL Tear Classification System 3



RESULTS

Of the 75 videos, 50 were judged to be of high quality. All 11
surgeons reviewed the videos on a personal computer and
returned the ACL Pathology Evaluation Form. Figure 2

provides representative images taken from the arthroscopy
video catalogue used in this study, demonstrating each var-
iable assessed by the raters, with examples of ACL ruptures
for which there was high agreement (in a positive or nega-
tive sense) or mixed agreement among the observers. Table

Figure 2. Representative arthroscopic images of ACL stumps depicting reparability, tibial stump length, proportion of tibial
footprint remaining, and number of stumps capable of being incorporated with a stitch. (A) 100% agreement that ACL can be
repaired using BEAR technique; (B) mixed agreement that ACL can be repaired using BEAR technique; (C) 100% agreement that
ACL cannot be repaired using BEAR technique; (D) 100% agreement that tibial stump exceeds 1 cm; (E) mixed agreement
regarding length of tibial stump; (F) 100% agreement that tibial stump length is <1 cm; (G) 100% agreement that tibial footprint
is entirely intact; (H) mixed agreement regarding proportion of tibial footprint remaining intact; (I) 100% agreement that tibial
footprint is <50% intact with the stump; (J) 100% agreement that a single stump is present; (K) mixed agreement regarding
number of stumps capable of holding a suture; (L) 100% agreement that >1 stump capable of holding a suture is present. ACL,
anterior cruciate ligament; BEAR, bridge-enhanced ACL repair.
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1 shows frequency distributions of the 11 � 75 ¼ 825
responses to each item, pooled over patients and surgeons.
Over three-quarters of responses were above the intended
thresholds for tibial stump length and tibial footprint for
use of the BEAR repair technique (78.5% and 84.7%,
respectively), and 85.3% of responses reported either 1 or
2 suturable bundles. Of the responses, 76% viewed the
injury as reparable.

Table 2 lists observed agreement as well as point estimates
and 95% CIs for chance-corrected agreement measures for
each question. Observed exact agreement ranged from
73.1% to 82.5% for the dichotomies studied and from 47.0%
to 63.7% for the ordinally categorized quantitative variables,
for which quadratically weighted agreement ranged from
70.1% to 92.5%, reflecting relative infrequency of disagree-
ment beyond adjacent categories. Each chance-corrected
measure was significantly above zero, most by wide margins.
Observed agreement on reparability was 82.5%, slightly
higher (85.4%) for the contributing tibial footprint dichotomy

and slightly lower (78.9%) for the contributing tibial stump
dichotomy. Observed agreement was 60.4% on the number of
tibial bundles and 92.5% when quadratically weighted,
reflecting the rarity of disagreement by >1 bundle.

The conventional Landis and Koch9 taxonomy and the
Gwet6 modified approach to its use, which takes variability

TABLE 1
Pooled Responses to ACL Pathology Classification Questionsa

Question Yes No

Reparability 627 (76.0) 198 (24.0)
Tibial stump vascularity 592 (71.8) 230 (27.9)

Stump length, mm �5 6-9 10-14 �15 NA

Femoral 539 (65.3) 152 (18.4) 47 (5.7) 33 (4.0) 54 (6.5)
Tibial 46 (5.6) 122 (14.8) 261 (31.6) 387 (46.9) 9 (1.1)

0%-24% 25%-49% 50%-74% 75%-100% NA

Tibial footprint intact 30 (3.6) 61 (7.4) 153 (18.5) 546 (66.2) 35 (4.2)

1 2 3 �4 NA

No. of suturable fiber bundles 404 (49) 300 (36.4) 60 (7.3) 42 (5.1) 19 (2.3)

aValues are presented as No. (%). ACL, anterior cruciate ligament; NA, uncategorized responses.

TABLE 2
Observed Exact and Quadratically Weighted Fleiss k and Gwet AC Statistics for ACL Tear Pathology Classificationsa

Observed Agreement Chance-Corrected Agreement (95% CI)

Variable Exact Quadratically Weighted Fleiss k (Dichotomy)b Gwet AC1 (Dichotomy)c

Reparability 0.825 — 0.522 (0.408-0.635) 0.725 (0.625-0.825)
Dichotomy

Tibial footprint remaining 0.854 — 0.291 (0.207-0.375) 0.816 (0.739-0.893)
Tibial stump length 0.789 — 0.367 (0.243-0.470) 0.687 (0.602-0.771)

Gross tibial stump vascularity 0.731 — 0.331 (0.233-0.429) 0.540 (0.436-0.662)
No. of fiber bundles 0.604 0.925 0.510 (0.403-0.617) 0.822 (0.767-0.877)
Ordinal

Tibial footprint remaining 0.637 0.920 0.428 (0.360-0.497) 0.851 (0.791-0.911)
Tibial stump length 0.470 0.876 0.155 (0.080-0.231) 0.672 (0.580-0.763)
Femoral stump length 0.558 0.701 0.090 (0.026-0.155) 0.458 (0.360-0.557)

aAC, agreement coefficient; ACL, anterior cruciate ligament. Dashes indicate data cannot be calculated.
bOr quadratically weighted k (ordinal).
cOr quadratically weighted AC2 (ordinal).

TABLE 3
Kappa Statistic Interpretive Criteriaa

k Agreement Characterization

<0.0 Poor
0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect

aFrom Landis and Koch.9
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of the estimated coefficients into consideration, agree that
the k statistics showed

� Moderate chance-corrected agreement for reparabil-
ity (k¼ 0.52), quadratically weighted number of fiber
bundles (k ¼ 0.51), and remaining tibial footprint (k
¼ 0.43)

� Fair agreement for gross tibial stump vascularity (k
¼ 0.33) and the dichotomies of tibial footprint (k ¼
0.29) and tibial stump length (k ¼ 0.37)

� Slight chance-corrected agreement for quadratically
weighted remaining femoral (k¼ 0.09) and tibial (k¼
0.16) stump lengths (Table 3)

Somewhat in contrast, applying the Landis and Koch
taxonomy directly to the more lenient agreement coeffi-
cients by Gwet classifies agreement as

� Almost perfect for the 4-level and dichotomous cate-
gorizations of the tibial footprint remaining and for
the number of suturable fiber bundles

� Substantial for both categorizations of tibial length
remaining and for reparability

� Moderate for the femoral length remaining and for
gross tibial stump vascularity

The somewhat more conservative interpretive approach
by Gwet classifies chance-corrected agreement as fair for
femoral stump length, moderate for tibial stump length and
vascularity, and substantial for other variables.

As a sensitivity analysis, the various measures of agree-
ment were recalculated in the subsample of 50 high-quality
scans. Because few measures and no implications substan-
tially differed in the subsample from the results of the full
sample, we report only the latter.

DISCUSSION

In this study, 11 fellowship-trained orthopaedic sports
medicine surgeons who have each performed >1000 ACL
reconstructions in their respective careers, characterized
each of 75 arthroscopy videos through the lens of extensive
experience performing knee arthroscopy. This study
demonstrates that highly experienced fellowship-trained
sports medicine surgeons can characterize ACL tears some-
what reproducibly but far from perfectly across institu-
tions, even when relying on video alone without tactile
feedback from probing. The rates of agreement in this study
were similar to previous interrater agreement studies
focusing on topics such as meniscal pathology and articular
cartilage lesions.4,12

A recent study evaluated the inter- and intraobserver
reliability of a magnetic resonance imaging (MRI)—based
classification system of ACL tear “types,” relying exclu-
sively on where the ligamentous disruption occurred (prox-
imal avulsion, proximal, midsubstance, distal, or distal
avulsion).21 While the authors concluded that this classifi-
cation system was reliable and reproducible, the proposed
classification system did not assess remnant ACL tissue
quality or whether the tibial footprint was partially

disrupted: 2 variable factors that are hypothesized to be
needed for successful BEAR. Previous interrater studies
have utilized similar techniques to our study, with video
recording of arthroscopy for evaluation of meniscal or chon-
dral lesions, but to our knowledge, no previous studies have
attempted to develop an arthroscopic ACL tear grading
system.2,4,5,12

We used multiple measures to describe the extent of
agreement among the 11 participating surgeons. Of these,
observed agreement measures are most directly consequen-
tial to patients. However, some observed agreement will
occur even in the presence of random guessing, exaggerat-
ing the extent to which observations are reproducible.
Chance-corrected measures attempt to remove this exag-
geration, but “random guessing” can have multiple mean-
ings. Kappa statistics presume that random guessing is
equivalent to redistributing patients across response cate-
gories in the same category proportions that each observer
has used but without consideration of any patient charac-
teristics. However, since observer recognition or presump-
tion of dominant categories in a sample can produce quite
high levels of such chance agreement, k statistics can be low
with little practical consequence when observed agreement
is high. The Gwet AC1 and AC2 statistics presume, in con-
trast, that random guessing is allocation of patients to cate-
gories not only without consideration of their
characteristics but with equal category probabilities,
thereby giving credit for observers who agree on overall
category frequencies although not on individual patients.
But the level of reproducibility suggested by these mea-
sures may not be exportable to other populations of patients
and observers, where different response distributions may
apply. For the current data, the latter interpretation of
“chance agreement” results in substantially more favorable
values than the k statistics. Interpretation is not straight-
forward because characterizations designed for interpreta-
tion of k statistics are not necessarily appropriate for
interpreting the AC1 and AC2 statistics, and a method pro-
posed by Gwet for incorporating sample variability in the
application of interpretive criteria has not been widely
adopted.

While not themselves in complete agreement, the cur-
rent multiple assessments of observer reproducibility do,
in aggregate, reveal some clear messages. Pairs of surgeon
participants in this study evaluating the same injury
agreed roughly 80% of the time on whether (1) at least
50% of the tibial footprint remained, (2) the remaining tib-
ial stump was �10 mm, and (3) the injury was therefore
reparable by the BEAR procedure. In addition, they agreed
roughly 60% of the time on exactly how many suturable
bundles were available. These characteristics are believed
to be most important, among those studied, in determining
whether a torn ACL is amenable to repair using the novel
BEAR technique. Exact agreement inevitably declines with
number of response categories, but disagreements were
quite uncommon beyond 1 category in number of fiber bun-
dles, fraction of remaining tibial footprint, or length of
remaining tibial stump, as reflected by high observed qua-
dratically weighted agreement statistics, which penalize
disagreement proportionally to the square of the number
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of intervening categories. Thus, the clinical impacts of dif-
ferences in surgeon differences in assessments—for enroll-
ment and, conceivably, for covariate adjustment in the
BEAR-MOON trial—appear modest and manageable.

Agreement above chance expectation was always sta-
tistically significant, whichever measure of this was
employed. When chance agreement was based on a sur-
geon’s individual rather than overall uses of the mea-
surement categories (k statistics), agreement above
chance was no more than moderate, a not uncommon
finding with k statistics when observed agreement is
high but one that nevertheless reveals clear room for
improvement in standardization. The higher values of
the Gwet agreement coefficients reflect reductions in
expected chance agreement owing to the nonuniformity
of overall observed fractions across each item category.
But such nonuniformity at least partly stems from using
highly trained and experienced surgeons, who will likely
have anticipated similar distributions in this broadly
inclusive reproducibility study. Thus, the Gwet statistics
may somewhat overestimate the reproducibility of these
measures in other populations or subpopulations of sur-
geons and patients.

One major weakness of the current study is the inability
to utilize the tactile feedback on which all trained arthro-
scopic surgeons rely when assessing intra-articular pathol-
ogy. This study describes agreement for characterizations of
patients relying exclusively on visual inspection. Because
the participants were given only videos, they were unable
to rely on tactile feedback from probing to better assess the
injured ligament. This limitation may have affected the
study results. In the actual conduct of the BEAR-MOON
trial, assessment of suitability for the BEAR approach will
be made intraoperatively before randomization, a more
information-rich environment allowing custom visualization
based on surgeon preference and the benefit of tactile feed-
back. Although one cannot be sure that surgeons will choose
to access and interpret this information similarly, the avail-
ability of additional information at surgeon preference could
substantially improve reproducibility, particularly if
guided by an initial exploratory protocol. It is also worth
noting that, although gross tibial stump vascularity is not
a prerequisite for the BEAR-MOON procedure, we felt
that the presence or absence of stump vascularity may
affect biological healing and/or outcome. Thus, the deci-
sion was made to include stump vascularity in the ACL
Pathology Evaluation Form so that future studies may
have the opportunity to assess the effect of vascularity
on tissue healing and/or outcomes.

Another limitation of the current study is the inability to
correlate the classification system with clinical outcomes.
However, the absence of evidence correlating ACL tear
“type” with clinical outcomes is at least in part due to the
lack of a validated ACL tear classification schema. The cur-
rent study represents the first step toward achieving this
ultimate goal, and correlating ACL tear “type” with clinical
outcomes represents one avenue for further study. Like-
wise, correlating the current ACL classification system
with MRI findings, potentially creating an equally reliable

and accurate MRI-based classification system, is another
area of future research.

CONCLUSION

This study is the first of its kind to demonstrate the interob-
server reliability of arthroscopic classification of ACL tears.
We have demonstrated that this classification system,
although not ideally reproducible, is reliable enough across
surgeons at multiple institutions for use in multicenter
studies.
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