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Abstract

Revision anterior cruciate ligament (ACL) procedures are increasing in incidence and possess 

markedly inferior clinical outcomes (76% satisfaction) and return-to-sports (57%) rates than 

their primary counterparts. Given their complexity, a universal language is required to identify 

and communicate the technical challenges faced with revision procedures and guide treatment 

strategies. The proposed REVISE ACL Classification can serve as foundation for this universal 

language that is feasible and practical with acceptable inter-rater agreement. A focus group of 

sports medicine fellowship-trained orthopaedic surgeons was assembled to develop a classification 

to assess femoral/tibial tunnel “usability” (placement, widening, overlap) and guide the revision 

reconstruction strategy (one- versus two-stage) post-failed ACL reconstruction. Twelve board-

certified sports medicine orthopaedic surgeons independently applied the classification to the 

de-identified computed tomography (CT) scan data of ten patients, randomly selected, who 

failed ACL reconstruction. An Inter-class Correlation Coefficient (ICC) was calculated (with 

95% Confidence Intervals) to assess agreement amongst reviewers concerning the three major 

classifications of the proposed system. Across surgeons, and on an individual patient-basis, there 

was high internal validity and observed agreement on treatment strategy (one- versus two-stage 

revision). Reliability testing of the classification using CT scan data demonstrated an ICC [95% 

CI] of 0.92 [0.80, 0.98] suggesting “substantial” agreement between the surgeons across all 

patients for all elements of the classification. The proposed REVISE ACL Classification, which 

employs CT scan analysis to both identify technical issues and guide revision ACL treatment 

strategy (one- or two-stage) constitutes a feasible and practical system with high internal validity, 

high observed agreement and substantial inter-rater agreement. Adoption of this classification, 
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both clinically and in research, will help provide a universal language for orthopaedic surgeons 

to discuss these complex clinical presentations and help standardize an approach to diagnosis and 

treatment to improve patient outcomes.

Level of Evidence: 3.

INTRODUCTION:

Failures of ACL reconstruction are multi-factorial and are influenced, in part, by such 

factors as: patient demographics (age, gender, body mass index, sport(s) played, level of 

competition, presence of missed and/or concomitant injuries to cartilage, cruciate/collateral 

ligaments, and menisci); technical issues (graft type/size/fixation/tension, tunnel drilling/

preparation); and post-operative course (compliance with rehabilitation, complications)1. In 

addition, there is increased attention on the influence of bony morphology on failures of 

ACL reconstruction; in particular, increased tibial slope2. In broad terms, a recent study 

by the Multicenter ACL Revision Study (MARS) Group categorized failures as a result 

of traumatic re-injury (32%), technical errors (24%), or failures of biology (7%) – though 

often, a combination of factors (37%) exists3,4. Preoperative planning for revision ACL 

reconstruction requires a careful analysis to identify the contributing factor(s) – an analysis 

developed via a thorough history and physical examination and supplemented by a variety 

of diagnostic imaging modalities including but not limited to: plain radiographs (including 

a full length standing hip-ankle radiograph and standing monopedal lateral view), magnetic 

resonance imaging (MRI), computed tomography (CT), and the arthroscopic evaluation5. 

Further complicating the issue, revision procedures classically perform inferiorly to primary 

reconstruction across a variety of patient-reported and objective outcomes measures6. In 

fact, a recent systematic review of revision ACL patients reported that 57% did not return to 

pre-injury levels of sports7, and patient satisfaction remains as low as 76%8.

As an understanding of the nuances of ACL reconstruction continues to develop, it is 

possible that previous data underestimate the relative contribution of surgical technique 

to outcomes. Over 70% of primary ACL reconstructions are proposed to fail mainly as 

a result of technical factors9, specifically anterior femoral tunnel malposition10. Not only 

does each revision procedure present a unique set of challenges – be it handling bone 

loss/tunnel defects, retained hardware, malalignment, or incorrect tunnel placement5; but 

the ultimate revision strategy appears to be influenced in large part by surgeon preference3. 

As such, the potential inability for surgeons to reach consensus on contributing factors 

to non-ideal outcomes exists3 – the ramifications of which, include poor communication 

and limited literature interpretation. In orthopaedics, particularly in the knee, there exist 

classifications to identify and guide issues with chondral11 and meniscal pathology12, 

including root tears13. However, given both the heterogeneity across many parameters of the 

ACL reconstruction technique and a continual evolution of the surgical technique to improve 

results, there remains a need to establish a universal language in the revision scenario that 

surgeons can employ to communicate core decision-making elements. This is especially 

important in light of the potential relative annual infrequency that revision procedures are 

performed on an individual per surgeon basis. Thus, the purpose of this study is to propose 

and assess the feasibility of applying a revision ACL classification system for identifying 
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technical problems with the index procedure and guiding treatment strategies (one- vs. two-

stage) that can establish standards to inform clinical practice and better ascertain outcomes 

in this setting. The goal of this proposed classification system is not to identify a correct way 

to perform revision ACL reconstruction, but to develop a common language that surgeons 

and researchers can use to appropriately classify revision ACL reconstruction so that more 

meaningful research and data can be gleamed from an otherwise heterogenous population.

METHODS:

This study received Institutional Research Ethics Board approval (ID: PRO18020202; 

PRO18020185).

Study Development and Administration:

A focus group of North American board-certified orthopaedic surgeons with formal 

orthopaedic sports medicine fellowship training was assembled to identify the technical 

considerations important to revision ACL reconstruction. To develop a classification system 

that was easy to recall, simple to apply, and clinically-useful, meetings were held where 

hypothetical revision ACL scenarios were presented, classification schema applied, and 

revised appropriately to not only be all-encompassing, but to emphasize common clinical 

scenarios. A classification system that progressed in severity/complexity (one-stage to 

two-stage), and that presented modifiers for femoral-specific issues, tibial-specific issues, 

or both, in addition to malalignment was developed. The focus group performed both an 

extensive literature search for technical causes of failure, and in conjunction with prevalence 

data and expert polling, ultimately focused on tunnel malposition, widening / overlap, 

and malalignment issues, given their substantially higher influence as technical causes for 

failure amongst many3. Given that multiple methods exist in the literature to examine these 

parameters, with no established “gold standard”, the consensus amongst the focus group 

was to omit specific criteria/measurements for malposition or degree of tunnel widening to 

reflect and capture “surgeon gestalt.” This is supported by previous CT-based studies that 

have demonstrated high consistency and precision for both femoral and tibial tunnel location 

amongst surgeons performing single-bundle reconstructions through the anteromedial 

portal14. As well, it has been demonstrated that ACL surgeons are internally consistent with 

regards to their individual femoral and tibial tunnel locations, falling between 85% (femur) 

and 90% (tibia) of pre-established guidelines for ideal tunnel placement15. Moreover, though 

early literature attributed 15% of failed ACL reconstructions to missed associated ligament 

injuries16, the focus group felt this is likely an over-estimation given current improvements 

in injury understanding, physical examination, and sensitivity of diagnostic modalities 

minimizing this occurrence. In fact, missed/persistent posteromedial and posterolateral knee 

laxity, specifically, is attributable for 2% and 1% of ACL failures, respectively3. The focus 

group consensus remained that excluding these infrequent parameters additionally improved 

the applicability of the classification.

The final iteration of this classification (TABLE 1), with associated example images 

(FIGURES 1, 2, 3) follows. Type 1A is defined as a revision that requires no changes 

to the management (position or bone grafting) of both the index femoral and tibial tunnels; 
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Type 1B refers to a revision that is performed as a one-stage, but that requires modifications 

to the femoral (F) and/or tibial (T) tunnels (1B, F; 1B, T; 1B, FT); Type 2 refers to 

a revision that is performed as a two-stage, due to significant tunnel widening/overlap, 

obvious malalignment, and infection. Type 2 also uses F, T, and I modifiers to specify tunnel 

location of tunnel widening/overlap (2F, 2T, and 2FT) as well as infection (2I). Previous 

understanding of revision ACL reconstruction show that approximately 34% of revisions 

follow the Type 1A classification and can be performed in one stage without change to 

previous tunnels, 50% of revisions follow Type 1B and require either one or both of the 

tunnels to re-drilled, and 15% of revisions follow Type 2 and are performed as two-stage 

procedures with significant tunnel widening/overlap.3,4,15 Combined, the proposed REVISE 

classification system is widely applicable and relevant for approximately 99% of all possible 

approaches to revision ACL reconstruction.

The two-dimensional CT scan data of ten skeletally-mature patients independently 

presenting to the institution for consideration of revision ACL reconstruction were randomly 

selected by a member of the institutional research personnel, independent of the study 

team. These CT scan data were de-identified and separately uploaded as patient folders, 

accessible only to those with access to this secure link. Respondents only had access to 

the CT scan data, and were blinded to any patient history, physical examination, plain 

radiographic, magnetic resonance imaging, and arthroscopic data. Also included with access 

to this link, was a Microsoft Word document outlining the purpose of the study and the 

classification scheme, as well as links to download free versions of Digital Imaging and 

Communications in Medicine (DICOM) viewers for both Microsoft and Apple computer 

users. This allowed each respondent to independently view the de-identified patient scan 

images at their convenience, with a similar interface to what would be employed in their 

respective clinical environments.

A short survey was developed and administered to respondents, with the goal of capturing 

baseline demographic data including years in practice, number of primary and revision 

ACL procedures performed annually and clinical/technical preferences such as preferred 

technique(s) for ACL reconstruction, and diagnostic modalities employed for revision 

pre-operative planning. Answers to the brief survey and classification of each of the ten 

patients was entered electronically by each respondent into a secure database developed 

and administered by a member of the institutional research personnel, independent of the 

study team (Appendix 1). The database was established so that each respondent would be 

blinded to other respondent data and could only view and modify their personal entries. 

Each respondent was then personally contacted via electronic mail (e-mail) requesting to 

complete the survey using a unique identifier number. To increase response rate, reminder 

e-mails were sent at two week intervals17.

Statistical Analysis:

The Inter-class Correlation Coefficient (ICC) was used for multi-rater, inter-rater agreement 

to assess the level of agreement among the twelve reviewers concerning the classifications 

of the proposed system18. The REVISE Classification, which contains categorical data, 

used this statistical measure given its reported equivalence to weighted kappa analysis 
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in this scenario18,19. Reliability analysis using IBM SPSS 25 was used to calculate the 

value and 95% confidence interval of the ICC for all twelve reviewers. The level of 

agreement was categorized prior to the beginning of the literature search using the Altman 

modification20 to the Landis and Koch21 ranges for ICC criteria: 0.00-0.20 indicating 

“poor”; 0.21-0.40 indicating “fair”; 0.41-0.60 indicating “moderate”; 0.61-0.80 indicating 

“good”; and 0.81-1.00 indicating “substantial”21. Within each individual patient case, 

statistical measures of agreement were not appropriate and agreement between reviewers 

was described descriptively for the classifications of the proposed system. Within each 

patient case, agreement and internal validity was further described within each subclass, 

as unknown to all study respondents, 60% of patient cases were performed by a single 

respondent surgeon.

RESULTS:

Respondent Demographics:

Twelve orthopaedic surgeons independently applied the classification to the CT scan data of 

ten patients presenting for revision ACL reconstruction. The respondents were in practice a 

mean 8.8 (range 6-18) years and reported annually performing a mean 78.5 (range 30-130) 

and 17.3 (range 5-30) primary and revision ACL reconstructions, respectively. The preferred 

technique for ACL reconstruction was anteromedial portal femoral tunnel drilling, selected 

by all respondents. With regards to preferred method(s) to assess technical errors with 

failed ACL reconstruction, plain radiographs (83.3%) and non-contrast MRI (75%) were 

the most preferred modalities, with 2D CT and contrast MRI occurring at frequencies of 

41.7% and 8.3%, respectively. Interestingly, 66.7% of respondents used CT scans with 3D 

reconstruction images for pre-operative revision ACL planning and 0% of respondents used 

any 3D modeling modality for the review of study cases.

Inter-rater reliability:

Overall, the classification demonstrated an ICC [95% CI] of 0.92 [0.80, 0.98] suggesting 

“substantial” agreement between the twelve reviewers across all ten patients using all 

classification grades.

Observed Agreement:

Table 2 outlines the observed agreement between all twelve respondents on an individual 

case-by-case basis, as it pertains to both identifying the technical issue(s) requiring 

addressing in the revision, and the preferred strategy to manage it (one- or two-stage).

Internal Validity:

Though unknown to all study respondents, 60% of the revision cases were treated by one of 

the study respondents to ascertain internal validity – that is, how closely the pre-operative 

classification agreed with the intra-operative decision. Interestingly, the treating surgeon’s 

intra-operative decision mirrored the assigned pre-operative REVISE Classification in five 

of six cases (83.3%); with the one differing case changing from a Type 1B, FT pre-

operatively to Type 2 intra-operatively, after too significant tunnel osteolysis requiring a 

staged bone grafting procedure was determined post-diagnostic arthroscopic evaluation.
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DISCUSSION:

The key findings of this study are that on a case-by-case basis, there exists high 

internal validity, and a high observed agreement across sports medicine fellowship-trained 

orthopaedic surgeons regarding how to manage previous ACL tunnels and whether to stage 

a revision ACL procedure. Across all revision ACL patients, the inter-rater agreement is 

“substantial” at 0.92 [0.80, 0.98] [95% CI], further suggesting that, despite different training 

backgrounds and revision philosophies22, the REVISE ACL Classification is useful and 

feasible for: identifying the technical issue causing failure; unifying surgeons on how to 

best manage the technical factor; and offering guidance on the optimal approach (one- or 

two-stage) for the revision procedure.

Revision ACL reconstruction poses many challenges, and is additionally complicated by 

outcomes that are consistently inferior compared to the index scenario9,23-25. Though several 

exhaustive definitions for what constitutes an ACL “failure” exist26,27, there remains no 

universally accepted definition8. From a technical standpoint, which arguably assumes 

the greatest responsibility (22-79%)3 for unsatisfactory outcomes post-index procedure, 

outcomes may be influenced by numerous factors, including but not limited to: tunnel 

position; tunnel widening and/or overlap; graft choice; graft fixation; coronal malalignment; 

increased posterior tibial slope; retained hardware; anterolateral complex injury; and 

concomitant/missed cruciate/collateral injury to name a few9. Therefore, identifying and 

understanding the relative contribution of each of these factors, to each individual patient, 

is of paramount importance to improve revision outcomes. To this end, REVISE focuses 

on those factors that are attributable to the majority of technical flaws in primary ACL 

reconstruction, namely tunnel position (70-80%)23,28 and widening5, and incorporates bone 

grafting as a two-stage option, given that it is nearly three times more commonly employed 

as a staged procedure for both the femur (8% versus 3%) and tibia (9% versus 3%)3.

It is important to note that, despite many published manuscripts on the ACL, there exists 

no evidence-based treatment algorithm for the primary or revision scenario. Nevertheless, in 

an era of increasing revision ACL procedures with no standardized method for grading, the 

REVISE ACL Classification represents the first attempt to identify the technical concerns 

requiring attention in revision ACL reconstruction, with suggested treatment guidance. 

Currently, the goal of ACL reconstruction is to perform one that is anatomic29 and 

individualized30, as has been the trend in recent years31,32. Though conceptually simple 

to understand, what constitutes “anatomic” is highly controversial, with some surgeons 

referring to direct visualization of native ligament insertion sites33; others to bony and/or 

soft tissue landmarks34; and still others to the number of bundles involved in reconstruction, 

the technique for femoral tunnel drilling, or some combination thereof. Moreover, the pre-

operative imaging assessment of “anatomic” tunnel placement and “anatomic” tunnel [and 

inclination] angles35 varies widely, and has been described with reference to: radiographic 

quadrants36; Blumensatt’s line36; and/or a clock-face37, amongst others. Despite both 

these nuances of the “anatomic” term and its modifiers (semi-anatomic), and the fact 

that these guidelines are more difficult to appreciate in the revision setting, the REVISE 

ACL Classification still enabled primarily non-treating surgeons to substantially agree on 

whether or not femoral and/or tibial tunnel malposition existed. Therefore, the REVISE 
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ACL Classification facilitates a more standardized revision ACL approach whilst remaining 

cognizant of important individual case differences.

REVISE has significant merit in that it allows for individual surgeon practice preferences, 

and still provides a novel system that going forwards, can categorize ACL revision 

procedures so that future outcomes studies can be analyzed with less heterogeneity. 

Interestingly, the literature suggests that the clinical results of revision Over-the-top (OTT) 

reconstructions, at least as measured by Lysholm scores, Lachman/pivot shift testing, 

and quantitative translation/rotational laxity; are “almost equivalent” to anatomical, single-

bundle techniques38. While neither approach is necessarily incorrect, the literature does 

recommend a two-stage approach in cases where significant femoral tunnel widening and/or 

overlap exists8. Therefore, the additional value of the REVISE ACL Classification is that 

going forward, surgeons can communicate and standardize the “type” of revision procedure 

performed, so that, for example, patients who had non-anatomic OTT reconstructions are 

not pooled for analysis with those who used the original tunnels, even if performed as 

a one-stage, given the inherent differences in biomechanics and technique. The value of 

such standardization that REVISE further affords is illustrated Case 3, where 100% of 

the surveyed surgeons reported that the tibial tunnel was too wide, with 50% preferring 

to address the revision in one-stage using an Achilles tendon allograft with bone block, 

while the remaining half preferred to perform the revision in two-stages, with the first 

stage encompassing ACL graft debridement and bone grafting of the tunnel. Again, neither 

approach is necessarily incorrect, with the literature recommending a two-stage bone 

grafting procedure for unacceptable tunnels either due to overlap and/or widening greater 

than 16 mm wide5 or more than 100%35. However, no differences exist between one- and 

two-stage revision ACL procedures across the 12-item Short Form Health Survey (SF-12) 

Mental and Physical Component Summaries, Western Ontario and McMaster Universities 

Arthritis Index (WOMAC), Lysholm and Tegner active scale cores, or failure rates39. 

Though one-stage approaches are presumably the result a of a shared decision-making 

approach with the patient to limit operative time, and both the rehabilitation interval and 

risks of two surgical procedures, the fact that no difference exists between the staged 

approaches questions whether the risks of two separate procedures are more theoretical 

rather than a real clinical concern. Thus, in the absence of a “gold-standard” revision 

operation, REVISE respects this variability whilst still guiding practice.

For a classification to be useful, it is fundamental that it be feasible, and both valid and 

reliable40. Though REVISE has established feasibility, validity in this instance, represents 

the accuracy of the classification to describe the true pathologic process, often determined 

by comparison to a “gold-standard”40. In this case, the “gold-standard” involves the 

intra-operative arthroscopic evaluation. However, measuring validity in this instance is 

impractical, not only because of the difficulty in having all reviewers present to perform 

intra-operative assessments on a given patient (or view the arthroscopic video of the 

diagnostic evaluation); but also because those applying the classification herein were not 

necessarily the surgeon on record performing the revision procedure. Thus, in the absence 

of validity, reliability then becomes all the more important40. In addition, variability in 

the clinician, patient, and procedure can affect the reliability of a classification40. Though 

respondents were, by design, not provided with patient clinical data or specifics of the 

de Sa et al. Page 7

J Knee Surg. Author manuscript; available in PMC 2022 April 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



arthroscopic evaluation and/or final revision procedure to minimize the influence of the 

latter two factors, the REVISE ACL Classification still performed with substantial inter-rater 

reliability, despite the slight clinical variability.

It has not escaped notice that most classifications in orthopaedics are of low inter-rater 

reliability, and based on statistical analysis alone, deemed unacceptable40. REVISE, having 

feasibility tested on surgeons in academic and community settings, is generalizable as 

well. It is simple, easy to remember, and practical to communicate common challenges 

in revision ACL reconstruction that can be applied to clinical studies and research/

epidemiological studies – the operative word being “common”. For example, REVISE is 

strengthened by excluding highly controversial revision ACL elements such as graft choice3, 

graft fixation41-43, infection3, “biologic” failures3, and when to consider the anterolateral 

structures44. Additional strengths include that it was tested using full CT scan data, not 

select cuts, and in doing so, improves upon the position-related limitations in assessing 

tunnel position and widening that can occur with plain radiograph use45,46, and is more 

encompassing and informative than previous femoral-side focused CT classifications47. This 

study also tests feasibility using CT modalities, given that it is the most accurate of methods, 

and one that is also more efficient and clinically appropriate35,48,49.

Limitations

In addition to a potential expertise bias that is introduced with having all respondents 

fellowship-trained, the main limitation of this classification, and any classification that aims 

to assess decision-making, remains in reconciling the potential difference in what a given 

surgeon states they would prefer to do, from what they do operatively. Moreover, there 

is a potential to underestimate the value of performing a re-alignment osteotomy in the 

revision setting, as CT scans are not the preferred modality for assessing coronal/sagittal 

limb malalignment. Lastly, it may be possible to perform bone grafting of tunnels as a 

one-stage procedure, using pre-made bone dowels, auto- or allograft bone chips, and/or a 

graft option with a large bone block, for example50. This was not included as a separate 

subsection in REVISE, given the focus group consensus to stage bone grafting based on 

literature3. As well, implied in a one-stage bone grafting procedure is the re-drilling of 

a new tunnel, which currently fits within the proposed schema. Statistically, the current 

study is a preliminary evaluation of the REVISE classification using a random sample 

of revision cases presenting to our institution and future studies will include increased 

numbers of patient cases to increase the power of future studies and external validity of 

the classification system. Nevertheless, future efforts encompass: epidemiological studies 

aimed at classifying all revision ACL procedures performed at this institution (and other 

registries) into appropriate categories to better understand the true prevalence of each ACL 

revision strategy and assess outcomes with less heterogeneity (i.e. investigating outcomes 

in Type 1A or 1B revision patients versus Type 2 for example, to better ascertain how 

an OTT revision compares to two-stage revision ACL procedures). Additional efforts will 

also aim to assess feasibility across other diagnostic modalities, such as MRI, 3D-MRI51, 

arthroscopic examination videos, and 3D printed models. This will be important going 

forwards to ascertain the need for CT in this classification based on its performance 

with other modalities, given the risks of radiation it entails. REVISE can also be applied 
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prospectively to ascertain how the pre-operative classification correlates with the intra-

operative decision (internal validity); in essence, investigating whether certain technical 

errors favor certain revision approaches. Lastly, though currently tested across orthopaedic 

surgeons, the hope is that this classification truly serves as a universal language, utilized by 

other medical specialties as well. To this end, future studies assessing REVISE’s inter-rater 

reliability amongst radiologists and across the aforementioned diagnostic modalities are 

planned. Having demonstrated feasibility, the authors anticipate that the REVISE ACL 

Classification will have wide applicability in the revision setting and lead to an enhanced 

understanding, both prospectively and retrospectively, of revision ACL challenges. REVISE 

does not function to establish a correct way to perform revision ACL reconstructions, but 

provides a common language that surgeons and researchers can use to appropriately classify 

revision ACL reconstruction to improve the consistency and external validity of future 

studies.

CONCLUSION:

The proposed REVISE ACL Classification, which employs CT scan analysis to both identify 

technical issues and guide revision ACL treatment strategy (one- or two-stage) constitutes 

a feasible and practical system with high internal validity, high observed agreement and 

substantial inter-rater agreement. Adoption of this classification, both clinically and in 

research, will help provide a universal language for orthopaedic surgeons to discuss these 

complex clinical presentations and help standardize an approach to diagnosis and treatment 

to improve patient outcomes.

APPENDICES:

Appendix 1:

The REVision using Imaging to guide Staging and Evaluation (REVISE) in ACL 

Reconstruction Classification.

Survey:

DATE:

1. Sports-Medicine Fellowship Trained? YES / NO

2. Years in Independent Clinical Practice: __________

3. Estimate of Number of Primary ACL Surgeries 
performed per year:

__________

4. Preferred Primary ACL Reconstruction Technique (check all that apply):

• Over-the-Top

• Anteromedial Portal

• Transtibial

• All-Inside

• Outside-In

• Other (specify): _________________

5. Estimate of Number of Revision ACL Surgeries 
performed per year:

__________

6. Preferred Diagnostic Modality to Assess Technical Errors in ACL Reconstruction (check all that apply):
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• Plain Radiographs

• Magnetic Resonance Imaging (MRI):

– with contrast

• Computerized Tomography (CT)

– 2D scans

– 3D scans

• 3D Printed Model

• Other (specify): _________________

Classification:

Type 1A – both femoral and tibial tunnels can be used in the revision as is; revision is one-stage

Type 1B –the femoral and/or tibial tunnels require new drilling; revision is one-stage

   Type 1B, F: One-stage revision. Drill new femoral tunnel/OTT femur, 
keep tibial tunnel

   Type 1B, T: One-stage revision. Drill new tibial tunnel, keep femoral 
tunnel

   Type 1B, FT: One-stage revision. Drill BOTH new femur/OTT AND 
new tibia

Type 2 – a two-stage revision is required for poorly placed tunnel(s), bone loss, infection, and obvious malalignment.

   Type 2, F: Two-stage revision, Drill new femoral tunnel, keep tibial 
tunnel

   Type 2, T: Two-stage revision, Drill new tibial tunnel, keep femoral 
tunnel

   Type 2, FT: Two-stage revision, Drill BOTH new femoral and tibial 
tunnel.

   Type 2, I: Two-stage revision, complicated by infection.

*
OTT: Over-the-top approach

LIST OF ABBREVIATIONS

ACL Anterior Cruciate Ligament

CT Computed Tomography

ICC Inter-class Correlation Coefficient

MARS Multicenter ACL Revision Study

MRI Magnetic Resonance Imaging

DICOM Digital Imaging and Communications in Medicine

CI Confidence Interval

OTT Over-the-top

SF-12 Short Form Health Survey

WOMAC Western Ontario and McMaster Universities Arthritis Index
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Figure 1. 
TYPE 1A: No change required to femoral or tibial index tunnels. Revision is one-stage, 

using same tunnels.
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Figure 2. 
TYPE 1B, T: Tibial tunnel malposition. Femoral tunnel anatomic. Revision is one-stage, 

using new tibial tunnel and same femoral tunnel.
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Figure 3. 
TYPE 2, FT: Both femoral and tibial tunnel widening. Revision is two-stage, requiring bone 

grafting of both tunnels as Stage 1.
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Table 1.

The REVision using Imaging to guide Staging and Evaluation (REVISE) in ACL Reconstruction 

Classification.

Type 0 NO CHANGES needed for either the femoral or tibial tunnels (i.e. one-stage)

Type 1 One-stage revision, the femoral and/or tibial tunnels require new drilling

     Type 1a One-stage revision. Drill new femoral tunnel or OTT femur, keep tibial tunnel

     Type 1b One-stage revision. Drill new tibial tunnel, keep femoral tunnel

     Type 1c One-stage revision. Drill BOTH new femur or OTT AND new tibia

Type 2 Two-stage revision is required for any or a combination of reasons (e.g. poorly placed tunnel(s), bone loss, infection, 
malalignment, etc.)

     Type 2a Two-stage revision. Any tunnel widening requiring bone grafting.

     Type 2b Two-stage revision. Other: Tunnel malalignment; Deficient secondary Restraints, etc.)

OTT: Over-the-top approach
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Table 2.

Comparison of the Observed Agreement Amongst Reviewers on a Case-by-Case Basis to Operative Data.

CASE % Agreement
(Stage)

% Agreement
(Type)

% Agreement
(Sub-Type)

1 One: 91.7
Two: 8.3

0: 75.0
1: 16.7
2: 8.3

1a: 50
1b: 50
2a: 100

2 One: 0
Two: 100

0: 0
1: 0
2: 100

2a: 100

3
One: 50
Two: 50

0: 0
1: 50
2: 50

1a: 83.4
1c: 6.6
2a: 100

4 One: 83.3
Two: 6.7

0: 16.7
1: 66.7
2: 16.7

1a: 25.0
1b: 12.4
1c: 62.6
2a: 100

5 One: 91.7
Two: 8.3

0: 25
1: 66.7
2: 8.3

1a: 12.5
1b: 37.5
1c: 50.0
2b: 100

6 One: 75
Two: 25

0: 50
1: 25
2: 25

1a: 33.2
1b: 66.8
2a: 100

7 One: 91.7
Two: 8.3

0: 41.7
1: 50
2: 8.3

1a: 83.4
1b: 16.6
2a: 100

8 One: 91.7
Two: 8.3

0: 8.3
1: 83.3
2: 8.3

1c: 100
2b: 100

9 One: 8.3
Two: 91.7

0: 0
1: 8.3
2: 91.7

1c: 100
2a: 100

10 One: 83.3
Two: 16.7

0: 75
1: 8.3
2: 16.7

1a: 100
2a: 100
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