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Background: Anterior cruciate ligament (ACL) reconstruction failure occurs in up to 10% of cases. Technical errors are consid-
ered the most common cause of graft failure despite the absence of validated studies. Limited data are available regarding the
agreement among orthopaedic surgeons regarding the causes of primary ACL reconstruction failure and accuracy of graft tunnel
placement.

Hypothesis: Experienced knee surgeons have a high level of interobserver reliability in the agreement about the causes of pri-
mary ACL reconstruction failure, anatomic graft characteristics, and tunnel placement.

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

Methods: Twenty cases of revision ACL reconstruction were randomly selected from the Multicenter ACL Revision Study (MARS)
database. Each case included the patient’s history, standardized radiographs, and a concise 30-second arthroscopic video taken
at the time of revision demonstrating the graft remnant and location of the tunnel apertures. All 20 cases were reviewed by 10
MARS surgeons not involved with the primary surgery. Each surgeon completed a 2-part questionnaire dealing with each sur-
geon’s training and practice, as well as the placement of the femoral and tibial tunnels, condition of the primary graft, and the
surgeon’s opinion as to the causes of graft failure. Interrater agreement was determined for each question with the kappa coef-
ficient and the prevalence-adjusted, bias-adjusted kappa (PABAK).

Results: The 10 reviewers have been in practice an average of 14 years and have performed at least 25 ACL reconstructions per
year, and 9 were fellowship trained in sports medicine. There was wide variability in agreement among knee experts as to the
specific causes of ACL graft failure. When participants were specifically asked about technical error as the cause for failure, inter-
observer agreement was only slight (PABAK = 0.26). There was fair overall agreement on ideal femoral tunnel placement (PABAK
= 0.55) but only slight agreement on whether a femoral tunnel was too anterior (PABAK = 0.24) and fair agreement on whether it
was too vertical (PABAK = 0.46). There was poor overall agreement for ideal tibial tunnel placement (PABAK = 0.17).

Conclusion: This study suggests that more objective criteria are needed to accurately determine the causes of primary ACL graft
failure as well as the ideal femoral and tibial tunnel placement in patients undergoing revision ACL reconstruction.
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Anterior cruciate ligament (ACL) tears are a common
cause of disability in patients involved in cutting, pivoting,
and jumping activities. It is estimated that approximately
200,000 ACL reconstructions are performed in the United
States each year in an attempt to restore knee stability
and return patients to an active lifestyle for both work

and recreational activities.3,5,8,35 Unfortunately, failure of
the primary reconstruction has been noted for between
0.7% and 10% of cases,1,11,16,18,19,24,25,28,33,34 resulting in
an estimated 10,000 to 20,000 revision reconstructions per-
formed annually.15,20,31,33,35

Understanding the specific cause of primary reconstruc-
tion failure is paramount to improving revision ACL recon-
struction. It has been widely assumed, based on case series
with evidence levels 4 and 539 as well as expert opin-
ion,9,17,18,22 that technical errors1,12,16,18,23,24,32,34—in par-
ticular femoral tunnel malposition32,34,36—are the most
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common causes of graft failure. Yet there is a paucity of high-
quality studies validating this assertion. A significant chal-
lenge to such studies is the limited number of revision ACL
reconstructions performed by an individual surgeon or insti-
tution. The Multicenter ACL Revision Study (MARS) was
conceived as a prospective longitudinal cohort to address pre-
dictors and prognosis of revision ACL surgery specifically in
regard to activity level, health-related and knee-related qual-
ity of life, and future risk of osteoarthritis. This multicenter
format has the benefit of significantly increasing the number
of patients available so that factors potentially influencing
patient outcome can be better evaluated. However, for this
multicenter format to be effective, it is imperative that par-
ticipating surgeons provide reliable and reproducible clinical
data, agreeing on the anatomic and technical factors associ-
ated with graft placement as well as graft failure. If agree-
ment among surgeons as to the cause of failure is poor,
then a more reliable means of assessing the clinical factors
responsible for ACL failure is necessary.

It was our hypothesis that experienced knee surgeons
who perform revision ACL surgery would have a reason-
ably high level of agreement as to the cause of the primary
reconstruction failure. Consistency in evaluation and docu-
mentation of the cause of failure is vital to meaningful
analysis of long-term outcomes of treatment. Therefore,
the purpose of this study was to determine the interob-
server agreement among experienced sports medicine spe-
cialists in the MARS group regarding specific technical and
anatomic factors of the primary graft as well as the cause
of the primary reconstruction failure. Assessments were
made based on the patient’s history, standardized radio-
graphs, and arthroscopic videos of the failed index surgery.
The results of this multicenter trial could be instrumental
in determining the factors responsible for primary graft
failure as well as the optimal methods of performing revi-
sion surgery.

MATERIALS AND METHODS

Demographics of the MARS Group

The MARS surgeon group is composed of voluntary mem-
bers of the American Orthopaedic Society for Sports

Medicine (AOSSM). The majority of surgeons were fellow-
ship trained in sports medicine, and all completed a 6-hour
training course outlining the goals of MARS as well as the
method by which to complete the MARS Surgeon Form. A
letter was sent to all 89 participating MARS surgeons with
at least 5 years of clinical experience that described the
purposes of the study and asked whether they would be
interested in participating as a case reviewer. Of those sur-
geons who agreed to participate, 10 were randomly
selected to act as reviewers.

Data Collection

For the current study, all participating surgeons were que-
ried as to their interest in participating. Those who volun-
teered were then asked to submit a random revision ACL
reconstruction case for analysis. There were no stipula-
tions as to the patient demographics or number of comor-
bidities. However, a case was not accepted if the primary
reconstruction was a double-bundle construct, if the known
cause of failure was due to infection, or if the patient had
already undergone at least one revision reconstruction.

A total of 20 cases were selected for review representing
a variety of failed reconstructions. Each case included 3
basic sets of data: case history, standardized radiographs,
and a concise 30-second arthroscopic video demonstrating
the primary reconstructive graft (or its remnant) and loca-
tion of the tibial and femoral tunnel apertures and hard-
ware (if any). Each case history contained the following
data: patient age, gender, mechanism of primary ACL
tear, date of primary ACL reconstruction, primary graft
source, method of fixation, prior surgical technique if
known (eg, 1-incision transtibial, 1-incision anteromedial
portal, 2-incision, or open reconstruction), and date of revi-
sion reconstruction. Standardized MARS radiographic
images for each case history included a standing bilateral
anteroposterior view in full extension, a lateral view in
maximum extension, bilateral flexion weightbearing view
at 45� (Rosenberg view), bilateral 45� patellar (Merchant)
views, and bilateral standing alignment (hip-knee-ankle)
views. The video accompanying each case consisted of
a concise, approximately 30-second segment of the arthro-
scopic video taken during the revision surgery by use of
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a 30� arthroscope placed in the anterolateral and antero-
medial portals. Each video demonstrated the surgeon prob-
ing the failed graft (if present) to assess graft attenuation
or absence. The videos also showed the femoral and tibial
tunnel apertures and their size once the failed graft had
been debrided and hardware removed by the operating
surgeon.

A compilation of all 20 case histories, corresponding
radiographs, and arthroscopic videos was saved on a digital
video disc (DVD) and sent to a random selection of 10 par-
ticipating MARS surgeons possessing at least 5 years of
clinical experience. Each surgeon was asked to complete
a 2-part questionnaire regarding each case (see the Appen-
dix, available in the online version of this article at
http://ajsm.sagepub.com/supplemental). Part 1 was com-
posed of 6 questions that dealt solely with each surgeon’s
practice type and experience in performing primary and
revision ACL surgery. Part 2, composed of 21 questions
that required a simple ‘‘yes’’ or ‘‘no’’ answer, was adapted
from the 48-page MARS Surgical Form completed for
each patient enrolled in the MARS study. These questions
were concerned specifically with the nature of the primary
graft (ie, absent, present but elongated, torn), placement of
the femoral and tibial tunnels (eg, too anterior, too poste-
rior, too vertical, etc), and the surgeon’s opinion as to the
cause of failure (ie, traumatic, biologic, technical, combina-
tion). The reviewers were not given any sort of primer or
instruction on the objective gold standard or predeter-
mined correct response regarding the accuracy of tunnel
placement at the inception of the study. None of the 20
cases was submitted by one of the reviewers.

Statistical Analysis

Interrater agreement regarding the various responses on
part 2 of the questionnaire was analyzed by use of several
different measures. Interrater agreement (with CI) was
determined for each question by calculating the percentage
of perfect agreement among all pairwise, between-rater
comparisons. There were 56 pairwise comparisons. Those
comparisons for which 8 of 10 surgeons agreed on the ques-
tion of interest were also determined since this number
(80%) was felt to represent a reasonably high degree of
agreement. Statistical analyses were performed with SAS
software, version 9.2 (SAS Institute Inc). This provided
a percentage of agreement between raters. In addition,
the number of cases in which 8 of 10 reviewers agreed
was determined for each question.

The Cohen kappa (k) coefficient was also calculated to
assess interrater agreement. Kappa seeks to express inter-
rater agreement beyond that expected by chance alone
through the following equation:

k5
observed agreement� chance agreement

1� chance agreement
:

Interpreting k using this model, however, assumes a gener-
ally equal distribution of prevalence of the studied attri-
bute. If prevalence is not equally distributed, then the k

value is distorted and becomes less meaningful. The prev-
alence index (PI) was used to determine the appropriate-
ness of the k value and was calculated with the following
equation:

PI5
No: of yes� yes responses�No: of no� no responses

Total No: of responses
:

The PI ranges from 0 to 1, with a higher PI indicating that k

is less likely to accurately evaluate agreement due to
the problems of an uneven prevalence distribution. A
prevalence-adjusted, bias-adjusted k (PABAK) is one
method for adjusting k for the paradoxes caused by large
differences between the 2 types of agreement (prevalence)
or the 2 types of disagreement (bias).6 A PABAK is particu-
larly useful in cases with high percentage agreement but
a low k coefficient.10,14,21 A PABAK was calculated using
the mean of the observed agreement and disagreement to
determine the chance agreement factor. Landis and
Koch27 have provided a commonly used interpretation of k,
where a k value below 0.0 suggests poor agreement; 0.00 to
0.20, slight agreement, 0.21 to 0.40, fair agreement; 0.41 to
0.60, moderate agreement; 0.61 to 0.80, substantial agree-
ment; and 0.81 to 1.00, almost perfect agreement. This clas-
sification was originally developed in the study of agreement
between 2 raters, where the k coefficient reflects error, not
low prevalence. This ordinal interpretation scheme was
used for the PABAK scores as a descriptor of interobserver
agreement. Landis and Koch’s categorical nomenclature
(‘‘slight agreement,’’ ‘‘moderate agreement,’’ etc) was used
to provide the reader with easily understood descriptors to
aid in interpretation of the numerical values. We chose to
apply Landis and Koch’s classification to the PABAK to avoid
misleading interpretations that reflect the nature of the pop-
ulation rather than the observation procedure itself.

RESULTS

The 10 reviewers were in practice an average of 14 years
(range, 5-35 years). All performed at least 25 ACL recon-
structions per year, and 9 reviewers were fellowship
trained in sports medicine. Nine (90%) of the 10 reviewers
were in private practice with an academic affiliation. The
estimated average number of revision reconstructions per-
formed annually by the reviewers was as follows: 4
reviewers with 1-5 revisions, 3 with 6-10 revisions, 1
with 11-15 revisions, 0 with 16-20 revisions, and 2 with
.20 revisions.

Overall interobserver agreement (with agreement
.80%) is shown in Table 1. The k, PI, and PABAK values
were calculated for each question and are shown in Table
2. Topics with PI values closer to 1.0 indicate a decreased
relevance of the k values and reflect the increased influ-
ence of prevalence resulting in larger discrepancies
between their k and PABAK values.

Interobserver agreement for questions regarding the
failed graft’s presence and condition averaged 87% (range,
83%-90%). At least 80% of the reviewers agreed in 90% (18/
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20) of the cases. The percentage agreement among the
reviewers regarding the specific cause of graft failure aver-
aged 72% (range, 52%-98%). At least 80% of the reviewers
agreed on the cause of graft failure in only 55% of the
cases. Interobserver agreement was almost perfect and
was the highest regarding whether other ligamentous
insufficiency was the primary cause (98%) (PABAK =
0.96) and lowest (slight agreement) if a combination of fac-
tors was the likely cause of failure (52%) (PABAK = 0.04).
At least 80% of the reviewers agreed in 55% (11/20) of cases
when estimating the cause of failure.

The highest rate of agreement pertained to ligamentous
insufficiency, with at least 80% of the reviewers agreeing
in all 20 cases (100%); the lowest rate of agreement per-
tained to a combination of factors, with only 15% (3/20) of
cases having at least 80% reviewer agreement. When
reviewers were specifically asked about technical error as
the cause for failure, interobserver agreement was only
63%, with 50% (10/20) of cases having at least 80%
reviewer agreement.

There was moderate interobserver agreement of 77%
(95% CI, 75%-80%; PABAK = 0.55) regarding whether
the femoral tunnel was ideal in placement compared with
slight agreement of 58% (95% CI, 55%-62%; PABAK =
0.17) for ideal tibial tunnel placement (Figure 1). At least
80% of the reviewers agreed in 70% (14/20) of the cases
for the femoral tunnel placement and size and in 45% (9/
20) of the cases for the tibial tunnel placement and size.
Further analysis of tunnel placement demonstrated that
the percentages of agreement for questions regarding spe-
cific femoral tunnel placement (ie, too anterior, too poste-
rior, too vertical) averaged 76% (range, 62%-92%). At
least 80% of the reviewers agreed in 65% (13/20). There
was almost perfect interobserver agreement when poste-
rior femoral tunnel placement was evaluated (92%)
(PABAK = 0.84) but only fair agreement when anterior
placement (62%) was assessed (PABAK = 0.24). There
was moderate agreement regarding femoral tunnel verti-
cality (mean, 73%; range, 70%-76%; PABAK = 0.46).

The percentage agreement for questions about specific
tibial tunnel placement averaged 84% (range, 72%-90%),
with at least 80% of the reviewers agreeing on specific tibial
tunnel position in 83% (17/20) of the cases. Interobserver
agreement was almost perfect and was highest when lateral
tibial tunnel placement was evaluated (PABAK = 0.81) and
lowest (moderate agreement) when posterior placement was
assessed (PABAK = 0.43) (Figure 2).

DISCUSSION

This study demonstrated wide variability in the agreement
among experienced knee surgeons when assessing certain
key aspects of failed ACL reconstructions. Specifically, sig-
nificant variability in agreement was found regarding the
surmised cause of graft failure and tunnel placement. Over-
all interobserver agreement was 77% (PABAK = 0.55) when
reviewers were determining whether the femoral tunnel
was ideal in placement and size, compared with 58%
(PABAK = 0.17) agreement for the tibial tunnel. In addition,
the most commonly espoused technical cause of primary
graft failure—anterior femoral tunnel placement—was
agreed upon in only 62% of cases (PABAK = 0.24). Agree-
ment regarding femoral tunnel verticality (another recently
recognized cause of technical error) was somewhat better
(mean agreement: 73% [PABAK = 0.46]). These results are
in agreement with the work of Morgan et al,32 who analyzed
460 revision ACL reconstructions and cited ‘‘technical cause
of failure’’ in 60% of the cases, with femoral tunnel malposi-
tion found to be the most commonly cited technical reason
for graft failure (48% of the 460 cases). We can only hypoth-
esize that tibial tunnel agreement was worse than femoral
tunnel agreement due to the relative importance given to
the femoral tunnel in terms of prior basic and clinical
research. In other words, more attention has been directed
at the femoral tunnel because of its presumed greater per-
ceived importance in graft function compared with the tibial
tunnel.

Prior research has attempted to determine interob-
server reliability in the assessment of femoral tunnel

TABLE 1
Interobserver Agreement for Each Radiographic

and Graft-Related Topic Assessed

Overall Agreement,
% (95% CI)

Cases With .80%
Agreement, n

Ideal placement
Femur 77 (75-80) 14
Tibia 58 (55-62) 9
Mean 68 11.5

Femoral position
Vertical 73 (70-76) 12
Anterior 62 (59-65) 9
Posterior 92 (90-94) 18
Mean 76 15

Tibial position
Medial 89 (87-91) 16
Lateral 90 (89-92) 19
Anterior 85 (82-87) 18
Posterior 72 (69-75) 13
Mean 84 16.5

Tunnel size
Femur 89 (87-91) 18
Tibia 74 (71-77) 14
Mean 81 16

Graft condition
Absent 90 (89-93) 19
Elongated 86 (84-88) 17
Torn 83 (81-86) 18
Mean 87 18.5

Graft fixation
Femur 92 (90-94) 20
Tibia 96 (95-97) 20
Mean 94 10

Cause of failure
Trauma 70 (67-73) 11
Biologic 76 (74-79) 15
Technical 63 (60-66) 10
Combined 52 (49-55) 3
Other ligament injury 98 (97-99) 20
Mean 72 11.8
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placement in primary ACL reconstruction. Warme et al36

prospectively evaluated the postoperative plain radio-
graphs of 54 patients after primary ACL reconstruction.
Three blinded reviewers performed 8 different radio-
graphic measurements to assess tunnel location. Intraob-
server reliability for femoral measurements ranged from
none to substantial but for tibial tunnel measurements
was moderate to almost perfect. Interobserver reliability
ranged from slight to moderate for femoral measures and
from fair to substantial for tibial tunnel measures. In
this series, the presence of metal interference screws did
not improve the reliability of measurements. These
authors concluded that radiographic tunnel measurements
after ACL reconstruction are quite variable, with reliabil-
ity falling only into the fair to moderate categories.

Wolf et al37 analyzed variation in ACL tunnel placement
between surgeons and the influence of preferred surgical
technique and surgeon experience using 3-dimensional com-
puted tomography. There was a relatively high degree of
intrasurgeon reliability in the placement of ACL graft tun-
nels. The location of the femoral tunnel aperture in the sag-
ittal plane relative to the notch roof was the most variable
measurement, with a range of means of 16%. There was,
however, variability of average tunnel placement of up to
22% of the mean condylar depth, likely reflecting the differ-
ence in individual surgeons’ preferred tunnel locations.

Interestingly, surgeon experience level did not appear to
significantly affect tunnel location.

McConkey et al30 evaluated arthroscopic agreement
among surgeons on primary ACL tunnel placement. The
investigators found that operating surgeons were more
likely to judge their own tunnels more favorably than were
other observers. However, independent surgeon reviewers
appeared to be more critical of other surgeons’ tunnels. The
investigators concluded that overall, surgeons do not agree
on the ideal placement for single-bundle ACL tunnels.

Multiple studies have assessed the interobserver and
intraobserver reliability in the arthroscopic evaluation
and classification of other knee pathology.2,4,7,13,29 Marx
et al29 demonstrated good interobserver reliability with
arthroscopic classification of articular cartilage lesions.
Six experienced surgeons classified 31 different lesions
based on video analysis. The authors reported 81% to
94% agreement depending on lesion location; however, k

values varied between fair to near perfect agreement
(range, 0.34-0.87).

Brismar et al4 studied both intra- and interobserver reli-
ability of arthroscopic classification of mild to moderate oste-
oarthritis using video assessment. Four different surgeons
reviewed 19 different videotaped knee arthroscopies twice,
classifying the observed arthritis using the Outerbridge,
Collins, and French Society of Arthroscopy measures. The

TABLE 2
Kappa Coefficient, Prevalence Index, and PABAK Values for Each Radiographic and Graft-Related Topic Assesseda

k Coefficient Prevalence Index PABAK Landis and Koch27 Agreement

Ideal placement
Femur 0.16 0.68 0.55 Moderate
Tibia 0.15 0.13 0.17 Slight

Femoral positioning
Vertical 0.37 0.40 0.46 Moderate
Anterior 0.24 0.04 0.24 Fair
Posterior 0.18 0.9 0.84 Almost perfect

Tibial positioning
Medial 0.37 0.81 0.78 Substantial
Lateral 0.16 0.88 0.81 Almost perfect
Anterior 0.32 0.74 0.69 Substantial
Posterior 0.19 0.55 0.43 Moderate

Tunnel size
Femur 0.20 0.85 0.78 Substantial
Tibia 0.14 0.63 0.48 Moderate

Graft condition
Absent 0.81 0.066 0.82 Almost perfect
Elongated 0.70 0.28 0.72 Substantial
Torn 0.45 0.63 0.67 Substantial

Graft fixation
Femur 0.40 0.86 0.84 Almost perfect
Tibia –0.015 0.96 0.92 Almost perfect

Cause of failure
Trauma 0.43 0.058 0.40 Fair
Biologic 0.095 0.70 0.53 Moderate
Technical 0.056 0.47 0.26 Fair
Combination 0.056 0.015 0.04 Slight
Other ligament injury 0.10 0.98 0.96 Almost perfect

aPABAK, prevalence-adjusted, bias-adjusted kappa.
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investigators found 59% to 62% overall interobserver agree-
ment and 55% to 77% intraobserver agreement with k values
indicating moderate agreement. Studies by both Anderson
et al2 and Dunn et al13 used intraoperative video analysis

to determine the reliability of different surgeons in assessing
meniscal tears by location, depth, type of tear, and treatment.
Both studies found that grading of meniscal tears was reli-
able and reproducible. Of interest, Dunn et al13 also noted

E

Question Yes No 
In regard to the PRIOR FEMORAL tunnel position at revision, is the tunnel ideal in terms of both position AND size? 0 10 

 01 0 ?NOITAXIF LAROMEF tneiciffusni ot eud saw ERULIAF TFARG YRAMIRP taht leef uoy oD
In regard to the PRIOR FEMORAL tunnel position at revision, is the tunnel ideal in terms of position, but ENLARGED? 0 10 
In regard to the PRIOR FEMORAL tunnel position  7 3 ?LACITREV OOT lennut eht si ,noisiver ta
In regard to the PRIOR FEMORAL tunnel position  1 9 ?ROIRETNA OOT lennut eht si ,noisiver ta
In regard to the PRIOR FEMORAL tunnel position at  01 0 ?ROIRETSOP OOT lennut eht si ,noisiver 

 01 0 ?NOITAXIF LAIBIT tneiciffusni ot eud saw ERULIAF TFARG YRAMIRP taht leef uoy oD
In regard to the PRIOR TIBIAL tunnel position at revision, is the tunnel ideal in terms of both position AND size? 1 9 
In regard to the PRIOR TIBIAL tunnel position at revision, is the tunnel ideal in terms of position, but ENLARGED? 1 9 
In regard to the PRIOR TIBIAL tunnel position  01 0 ?LAIDEM OOT lennut eht si ,noisiver ta
In regard to the PRIOR TIBIAL tunnel position  8 2 ?LARETAL OOT lennut eht si ,noisiver ta
In regard to the PRIOR TIBIAL tunnel position  2 8 ?ROIRETNA OOT lennut eht si ,noisiver ta
In regard to the PRIOR TIBIAL tunnel position at  01 0 ?ROIRETSOP OOT lennut eht si ,noisiver 

Figure 1. Case 1. Selected radiographic views: (A) weightbearing anteroposterior; (B) 45� flexion–weightbearing (Rosenberg); (C)
30� lateral; and (D) full-extension lateral. (E) Selected questions pertaining to tunnel location and number of corresponding ‘‘yes’’
or ‘‘no’’ responses.
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the effect of the prevalence paradox in their study, with cer-
tain categories having low k values despite high observed
agreement. The investigators specifically noted that their
conclusions were based on their percentage of agreement
rather than k coefficients due to the problems related to k.

While the Cohen k coefficient has been used in multiple
reliability studies to assess agreement, k had limited use-
fulness in this study due to several well-documented prob-
lems. These problems, referred to as ‘‘paradoxes,’’ limit the
application and interpretation of k, leading many

statisticians to warn against using k alone to evaluate
agreement. The paradox of prevalence was particularly rel-
evant to this study and can be responsible for significantly
depressed k values despite high observer agreement, such
as in the study by Marx et al.29 This paradox results from
a high prevalence of one type of agreement compared with
the converse (ie, ‘‘yes-yes’’ vs ‘‘no-no’’ agreement between
observers), which causes a significant increase in the
chance agreement correction. For example, in this study
when reviewers were asked about tibial fixation as the

Question Yes No 
In regard to the PRIOR FEMORAL tunnel position at revision, is the tunnel ideal in terms of both position AND size? 3 7 

 01 0 ?NOITAXIF LAROMEF tneiciffusni ot eud saw ERULIAF TFARG YRAMIRP taht leef uoy oD
In regard to the PRIOR FEMORAL tunnel position at revision, is the tunnel ideal in terms of position, but ENLARGED? 4 6 
In regard to the PRIOR FEMORAL tunnel position  6 4 ?LACITREV OOT lennut eht si ,noisiver ta
In regard to the PRIOR FEMORAL tunnel position  9 1 ?ROIRETNA OOT lennut eht si ,noisiver ta
In regard to the PRIOR FEMORAL tunnel position at  01 0 ?ROIRETSOP OOT lennut eht si ,noisiver 

 01 0 ?NOITAXIF LAIBIT tneiciffusni ot eud saw ERULIAF TFARG YRAMIRP taht leef uoy oD
In regard to the PRIOR TIBIAL tunnel position at revision, is the tunnel ideal in terms of both position AND size? 4 6 
In regard to the PRIOR TIBIAL tunnel position at revision, is the tunnel ideal in terms of position, but ENLARGED? 4 6 
In regard to the PRIOR TIBIAL tunnel position  01 0 ?LAIDEM OOT lennut eht si ,noisiver ta
In regard to the PRIOR TIBIAL tunnel position  9 1 ?LARETAL OOT lennut eht si ,noisiver ta
In regard to the PRIOR TIBIAL tunnel position  01 0 ?ROIRETNA OOT lennut eht si ,noisiver ta
In regard to the PRIOR TIBIAL tunnel position at  7 3 ?ROIRETSOP OOT lennut eht si ,noisiver 

E

Figure 2. Case 2. Selected radiographic views: (A) weightbearing anteroposterior; (B) 45� flexion–weightbearing (Rosenberg); (C)
30� lateral; and (D) full-extension lateral. (E) Selected questions pertaining to tunnel location and number of corresponding ‘‘yes’’
or ‘‘no’’ responses.
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cause of graft failure, there was 96% overall interobserver
agreement. Yet, because the distribution of agreement was
substantially uneven (96% of reviewers agreed that tibial
fixation was not the cause of failure in the 20 cases), k

was significantly decreased and actually resulted in a neg-
ative value (–0.0152). The high PI value (0.96), however,
forewarns of significant k distortion. Similar problems
due to the prevalence paradox were seen throughout this
study. One method of resolving this dilemma is adjusting
the k coefficient by using the mean of the observed agree-
ment and disagreement when calculating the chance
agreement factor. This adjustment, referred to as PABAK,
eliminates the problem (the k paradox) caused by uneven
distribution of prevalence and bias.6,10,14 The PABAK val-
ues, shown in Figure 2, reflect agreement without the
influence of prevalence or bias. Statisticians have warned
that similar to k, PABAK should not be used alone to inter-
pret agreement, as prevalence and bias have informative
value in assessing agreement.10,26 We used the Landis
and Koch27 classification to provide useful benchmarks to
interpret agreement. This classification was developed in
the study of agreement between 2 raters, where the k coef-
ficient reflects error, not low prevalence. Due to the low
prevalence found in our study and the associated effect
on k, we have reported multiple statistics (ie, k, prevalence
index, and PABAK) so that readers can interpret the ade-
quacy of agreement within their specific context.

Several limitations to this study should be addressed.
Although video has been consistently used for reliability
studies,2,4,13,29 it has some limitations. The degree of visual
assessment is limited by the quality of what is shown on
the video, which is dependent upon the arthroscopic skills
of the surgeon as well as the quality of the arthroscopic
camera and video software. Additionally, there is no tactile
feedback, which is typically achieved with probing and the
use of other instrumentation as would be possible had the
reviewing surgeons actually performed the surgery them-
selves. While it is possible that resolution of these factors
would further improve reliability in real operative settings,
it is conceivable that it could further confound agreement.
Additionally, the 30-second video and radiographs may not
allow for a detailed preoperative assessment as would be
possible in the clinical setting, where physical examina-
tion, adjunctive MRI, and/or other imaging studies would
be available. Some technical causes of ACL graft failure
(ie, tibial tunnel too lateral) are too rare to ensure ade-
quate representation among the cases randomly submitted
for review. Having more than 20 cases may have solved
this issue, but the number of cases of each potential cause
of failure would still likely not be completely representa-
tive of all causes of ACL reconstruction failure. Another
weakness relates to lack of an objective gold standard or
predetermined correct response regarding the accuracy of
tunnel placement and the specific cause of graft failure
for each case. This may have been addressed by providing
the reviewing surgeons a classification system before their
analysis of the cases. However, our purpose with this study
was not to determine how often these experienced knee
surgeons chose the correct answer to the various topics of

interest but rather to discern how often they agreed on var-
ious factors associated with the causes of graft failure and
the accuracy of graft placement. Finally, the results of this
study are potentially limited by the fact that experienced
orthopaedic knee surgeons (as shown in this as well as
other studies36-38 discussed above) do not uniformly agree
on what constitutes ideal tunnel placement after ACL
reconstruction. This objective can only be accomplished if
(1) a simple, uniform definition of ideal tunnel location
can be agreed upon based on validated anatomic and radio-
graphic landmarks and reference points and (2) this infor-
mation is widely disseminated and used by surgeons who
perform this procedure. This is, perhaps, even more impor-
tant for inexperienced knee surgeons who infrequently
perform ACL reconstruction.

There are several strengths of this study that make it
unique compared with prior literature dealing with ACL
revision. This is the first study, to our knowledge, to assess
the interobserver reliability when evaluating primary ACL
reconstruction failure, particularly focusing on graft loca-
tion, anatomic graft characteristics, and cause of failure.
In all cases, the reviewing surgeons used the same clinical
histories, radiographs, and videos and made their assess-
ments independently without collaboration. Each case
had uniform clinical, radiographic, and arthroscopic video
data available for review, which is necessary to discern
the myriad factors associated with a failed primary ACL
reconstruction. All cases were reviewed by a number of
knee surgeons who all had significant clinical experience
performing revision ACL surgery. In addition, our statisti-
cal analysis was able to compensate for the absence of some
known, albeit rare, causes of primary ACL reconstruction
failure to more accurately determine true agreement
among reviewers despite the bias potentially associated
with agreement by chance alone. Finally, the reviewers
chosen for this study had significant interest and experi-
ence performing ACL revision surgery. While the results
we obtained with this group of reviewers may not be repre-
sentative of the results we might have obtained with less
experienced surgeons, we feel justified in using a more
experienced group since it is likely that most ACL revisions
are performed by more experienced knee surgeons.

In conclusion, there was wide variability in agreement
among knee experts as to the specific cause of primary
ACL reconstruction failure and the appropriateness of tun-
nel placement in patients undergoing ACL revision. Inter-
observer agreement was only slight when the cause of
primary graft failure was attributed to technical error
despite this being the most commonly theorized cause of
failure. There was fair overall agreement on ideal femoral
tunnel placement but only slight agreement on whether
a femoral tunnel was too anterior and fair agreement on
whether it was too vertical. There was poor overall agree-
ment for ideal tibial tunnel placement. This study suggests
that more objective measures are needed to accurately
determine the cause of primary ACL graft failure as well
as ideal tunnel location to improve the outcome of ACL
reconstruction and facilitate future research in revision
ACL surgery.
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