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Background: Multiple-revision anterior cruciate ligament reconstruction (ACLR) presents several technical challenges, often due
to residual hardware, tunnel widening, malposition, or staged surgeries.

Purpose: To compare failure and complication rates between the over-the-top (OTT) and transportal drilling (TD) techniques in
patients undergoing surgery for failed revision ACLR.

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

Methods: The medical records of patients with at least 2 revision ACLRs using either the OTT or TD technique were reviewed
retrospectively. Data on patient demographics, graft characteristics, number of revisions, concomitant procedures, complications,
and failures were collected. Between-group comparisons of continuous and categorical variables were conducted with the
independent-samples t test and the Fisher exact or chi-square test, respectively.

Results: A total of 101 patients undergoing multiple-revision ACLR with OTT (n = 37, 37%) and TD (n = 64, 63%) techniques were
included for analysis. The mean follow-up time was 60 months (range, 12-196 months). There were no significant differences in
age, sex, body mass index, laterality, or follow-up length between groups (P > .05). Allograft was the graft used most frequently
(n = 64; 67.3%) with no significant differences between groups in graft diameter (P > .05). There were no statistically significant
differences between groups regarding rate of concurrent medial and lateral meniscus, cartilage, or lateral extra-articular proce-
dures (P > .05). There was also no significant66 between-group difference in complication rate (OTT: n =2 [5.4%]; TD: n =8 [13%)])
or graft failure rate (OTT: n = 4 [11%]; TD: n = 14 [22%]) (P > .05 for both).

Conclusion: The results of this study showed notably high failure and complication rates in challenging multiple-revision ACLR.
Complication and failure rates were similar between techniques, demonstrating that the OTT technique is a valuable alternative that
can be used in a revision ACLR, particularly as a single-stage approach when the single-stage TD technique is not possible.
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Graft failure after anterior cruciate ligament (ACL) recon-
struction (ACLR) is a devastating outcome for patients,
manifesting as impaired function or a career-ending event.
Recurrent instability also results in downstream conse-
quences, including further damage to structures essential
for knee stability, as well as accelerated progression of oste-
oarthritis.'® Multiple factors are responsible for the inci-
dence of graft failure after ACLR.%'® Tunnel malposition
of the femoral tunnel has been shown to be the cause of
more than 80% of graft failures after ACLR.*
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Revision ACLR is important for restoring knee stability
and function in patients with graft failure. Studies evalu-
ating causes of poor patient outcomes have identified mul-
tiple factors: arthrofibrosis, allograft use, increased
posterior tibial slope, misplaced grafts, and meniscal or
cartilage injury.>?%2% While revision ACLR has a 3- to
4-fold greater graft failure rate compared with primary
ACLR, multiple-revision ACLR has a 26-fold increased fail-
ure rate compared with first-revision ACLR.2>?* Given the
technical difficulties associated with revision ACLR and
the high rate of failure in the setting of multiple-revision
ACLR, there exist only a few studies investigating out-
comes between different technical approaches to multiple-
revision ACLR.3>&2°
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The over-the-top (OTT) technique avoids the previous
femoral tunnel and confers no risk of tunnel malposition
by placing the graft over the superomedial border of the
lateral femoral condyle and fixing it to extra-articular
bone.'®® Biomechanically, OTT has demonstrated equiva-
lent restoration of anterior-posterior and rotatory knee
stability as compared with anatomic ACLR with the trans-
portal drilling (TD) technique.'®'5 While clinical studies
show improvements in functional outcomes and stability
after ACLR with the OTT technique, conclusions from
these investigations are limited by short-term follow-up,
focus on skeletally immature patients, and the lack of
assessment of multiple-revision ACLR.”11:15:16

The objective of this study was to evaluate failure and
complication rates in patients undergoing multiple-
revision ACLR with the OTT technique compared with the
TD technique. We hypothesized that the OTT technique
would yield similar graft survival and complication rates
as compared with the TD technique at long-term follow-up.

METHODS

The protocol for this study was granted institutional review
board approval. Eligible were patients who had been trea-
ted with multiple-revision ACLR surgery using either the
OTT or TD technique as performed by 4 sports-medicine-
trained, high-volume ACL surgeons at a multicenter single
institution between January 1, 2000, and January 1, 2020.
Multiple-revision surgery was defined as 2 or more revision
ACLRs for a specific patient who undergone at least 1 pre-
vious revision ACLR surgery in the same extremity.
Patients with hybrid fixation (involving both OTT and TD
techniques), transtibial technique, and less than 1-year
follow-up were excluded from further analysis. A total of
101 patients, 64 who underwent TD and 37 who underwent
OTT, were included in this analysis (Figure 1).

A retrospective review of patient records was conducted
to identify and dichotomize patients treated with multiple-
revision ACLR into 2 groups, according to whether the OTT
or the TD technique was performed. The surgical technique
was determined by surgeon preference and performed as
described in previous studies.!®?® Revision ACLR surgery
of patients whom previous bone tunnels were not expanded
and anatomically located previous bone tunnel were not

The Orthopaedic Journal of Sports Medicine

Revision ACL-R

I surgery between
- 2000 and 2020
o (n=1707)

E Single-revision ACL-R
g l ——————— surgeries excluded
H (n=1577)
3
= Multiple-revision
— ACL-R surgery
(n=130)

(T Excluded (n = 29):
5 l + Hybrid fixation (OTT+TD) (n=8)
= « Transtibial drilling (n=2)

3 + Less than 1-year follow-up (n=19)
5 Included patients
[ (n=101)
_ !
- OTT Group
= (n=37)
[ TD Group
o (n = 64)
|

Figure 1. STROBE flowchart. ACLR, anterior cruciate liga-
ment reconstruction; OTT, over-the-top; STROBE, strength-
ening the reporting of observational studies in epidemiology;
TD, transportal drilling.

expanded and anatomically located, was performed with a
single-stage TD technique. Revision ACLR surgery was
performed via OTT technique in patients who needed
staged surgery because of previous femoral bone tunnel
malposition and/or enlargement to avoid staged surgery.

Demographic data including age, sex, body mass index,
date of surgery (most recent revision), date of final clinical
visit, follow-up length (months), and injury laterality were
extracted from the electronic medical record. Queried sur-
gical variables included the number of revision surgeries,
number of surgical stages (1 or 2), graft choice, graft diam-
eter, medial and lateral meniscus procedure, cartilage pro-
cedure, lateral extra-articular procedure, reoperation,
complications, and revision ACLR failure rate.

The primary outcome measure was the rate of ACLR
failure. Failure of the ACL graft was confirmed with mag-
netic resonance imaging after the treating surgeons’ diag-
nosis. Reoperations due to hardware failure, meniscectomy,
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TABLE 1
Baseline Characteristics of the Study Cohort (N = 101)*
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TABLE 2
Intraoperative Data®

Variable OTT (n = 37) TD (n = 64) P Variable OTT(n=37) TD(n=64) P
Age, y, mean (range) 27.5 (16-49) 28.6 (18-44) .54 Graft diameter, mm 98+1.1 96+1 .51
Male sex 22 (59%) 33 (562%) 44 Specific graft NA
BMI, kg/m> 26.5+ 4.4 26.8 + 5.4 81 HT autograft 7 (19%) 4 (8%)
Right side affected 14 (38) 28 (44) .56 sQT autograft 0 (0%) 11 (17%)
Follow-up length, mo 50.21+9.8 43.10+6.2 .49 bQT autograft 0 (0%) 4 (6%)
Revision number .59 BPTB autograft 0 (0%) 7 (11%)
Second 34 (92) 61 (95) Allograft 30 (81%) 38 (59%)
Third 2 (5) 3(5) Medial meniscal procedure 13 (35%) 32 (50%) .15
Fourth 1(3) 0(0) Medial meniscectomy 5 (13%) 10 (15%)
Medial meniscal repair 1(2%) 8 (12%)

“Data are reported as mean + SD or n (%) unless otherwise MAT 7 (18%) 14 (21%)
indicated. BMI, body mass index; OTT, over-the-top; TD, transpor- Lateral meniscal procedure 7 (18%) 10 (15%) 67
tal drilling. Lateral meniscectomy 5 (13%) 3 (5%)

Lateral meniscal repair 1(2%) 3 (5%)

Lateral meniscal posterior 1(2%) 4 (6%)
meniscus allograft transplantation, total knee arthro- root repair
plasty, and complications (arthrofibrosis, cyclops lesion, Cartilage procedure 0 (0%) 3 (5%) .3
septic arthritis) were also collected. LEP 3 (6%) 6 (16%) .07

Statistical Analysis

Statistical analyses were performed using SAS Version 9.4
(SAS Institute). Descriptive statistics of categorical vari-
ables included counts and corresponding percentages. Con-
tinuous variables were presented as means and standard
deviations. The Levene test was applied to assess for equal-
ity of variances. Between-group comparison of categorical
variables was performed using the Fisher exact or chi-
square test. Continuous variables were compared between
groups with the independent-sample ¢ test. The level of
significance was set at P < .05.

RESULTS

The baseline characteristics of the DT group (mean age at
surgery, 28.6 years; range, 18-44 years) and OTT cohorts
(mean age at surgery, 27.5 years; range, 16-49 years) are
displayed in Table 1. There were no significant differences
between the groups in baseline data. While 25 (39%) of the
patients in the TD group underwent staged surgery, 39
(61%) of the patients underwent single-stage surgery. The
TD cohort comprised 61 (95%) patients undergoing a
second-revision ACLR and 3 (5%) undergoing a third-
revision ACLR, while the OTT cohort had 34 (92%) patients
undergoing a second-revision ACLR, 2 (5%) undergoing a
third-revision ACLR, and 1 (3%) undergoing a fourth-
revision ACLR. The graft used most frequently was allo-
graft (67.3%) throughout the study population. Within the
OTT cohort, allograft was used for 30 (81%) of cases and
hamstring tendon autograft was used in the remaining 7
(19%) of cases, while the TD cohort received 4 (6%) ham-
string tendon autograft, 11 (17%) all soft tissue quadriceps
tendon autograft, 4 (6%) quadriceps tendon autograft with
bone block, 7 (11%) bone-patellar tendon-bone autograft,
and 38 (59%) allografts.

“Data are reported as mean + SD or n (%). BPTB, bone-patellar
tendon-bone; bQT, quadriceps tendon autograft with bone block;
HT, Hamstring tendon; LEP, lateral extra-articular procedures;
MAT, meniscal allograft transplantation; N/A, not available; OTT,
over-the-top; sQT, all soft tissue quadriceps tendon; TD, transpor-
tal drilling.

TABLE 3
Postoperative Outcomes®

Variable OTT (n = 37) TD (n = 64) P
Reoperation 5 (13.5%) 18 (28.1%) .52
Complication 2 (5.4%) 8 (13%) .74

Arthrofibrosis 1(2.7%) 5 (7.8%)

Septic arthritis 0 (0.0%) 2 (3.1%)

Cyclops lesion 1(2.7%) 1(1.5%)
Graft failure 4 (11%) 14 (22%) .16

“Data are reported as n (%). OTT, over-the-top; TD, transportal
drilling.

Regarding intraoperative data, the TD and OTT cohorts
had mean graft diameters 0of 9.6 + 1.0 mm and 9.8 £ 1.1 mm,
respectively (P > .05). The rate of medial meniscal proce-
dures for the TD and OTT cohorts were 50.0% and 35.1%,
respectively (P > .05). Similarly, the rate of lateral menis-
cus procedure for the TD and OTT cohorts was 15% and
18%, respectively (P > .05). The rate of cartilage procedures
for TD and OTT cohorts were 5% and 0.0%, respectively
(P > .05). Lateral extra-articular procedure was performed
in 16% and 5% of the TD and OTT cohorts, respectively
(P > .05). Intraoperative data are displayed in Table 2.

Analysis of postoperative failure, complication, and reop-
eration rates are displayed in Table 3. The failure rates for
the TD and OTT cohorts were 22% and 11%, respectively
(P =.16). No difference was observed in complication rates,
with the TD and OTT cohorts experiencing complications
in 13% and 5.4% of cases, respectively (P = .74). More
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TABLE 4
Specific Reoperation Procedures Performed®

Reoperation Procedure OTT (n=37) TD (n=64)
Hardware removal 0 (0%) 5 (7.8%)
Arthrolysis 1(2.7%) 5 (7.8%)
Cyclops lesion excision 1(2.7%) 0 (0%)
Meniscectomy 2 (5.4%) 3 (4.6%)
Medial meniscal transplantation 0 (0%) 1(1.5%)
Lateral meniscal transplantation 0 (0%) 1(1.5%)
Irrigation and debridement 0 (0%) 2 (3.1%)
Total knee arthroplasty 1(2.7%) 1(1.5%)

“Data are reported as n (%). OTT, over-the-top; TD, transportal
drilling.

specifically, there was 1 (2.7%) case of arthrofibrosis and
1 (2.7%) case of cyclops lesion within the OTT cohort.
Within the TD cohort, there were 5 (7.8%) cases of arthrofi-
brosis, 2 (3.1%) cases of septic arthritis, and 1 (1.5%) case of
cyclops lesion. No difference was observed in reoperation
rates with the TD and OTT cohorts undergoing consequent
surgeries (28.1% and 13.5%, respectively; P > .05) (Table 4).

DISCUSSION

The key finding of this study was the notably high failure
and complication rate after multiple-revision ACLR. Simi-
lar complication (8% vs 13%, respectively) and failure rates
(11% vs 22%, respectively) were observed in the OTT com-
pared with the TD group as the between-group difference
was not statistically significant for either of these outcomes
(P > .05). Previous studies reported a 13.3% to 20% failure
rate in patients treated with multiple-revision ACLR.>¢8
A recent retrospective study identified that the most com-
mon complication after these surgeries was arthrofibrosis.®
Our study similarly identified the most common complica-
tion to be arthrofibrosis (5.9%), and failure was detected in
18 (17.8%) patients after multiple-revision ACLR. The Mul-
ticenter ACL Revision Study (MARS) group found 53% of
ACLR failures to be due to technical errors, and 80% of
these technical errors to be caused by femoral tunnel mal-
placement.?® In another study from the MARS group, 78%
of patients treated with multiple-revision ACLR required a
new femoral tunnel, and 22% of these patients required
2-stage revision surgery.* However, satisfactory postoper-
ative results were reported with the OTT technique in
revision ACLR, where an anatomic femoral tunnel cannot
be created in a single stage.>'51¢ While a 14% failure rate
was reported after revision ACLR using the OTT technique
combined with lateral extra-articular procedure, it was
shown that satisfactory knee stability can be achieved after
revision ACLR performed with the same technique.?27
Usman et al'® compared the OTT technique without
lateral extra-articular procedure with the anatomic TD
technique for revision ACLR and found no difference in
functional outcomes nor knee laxity between groups at
1-year follow-up. In our study, we similarly compared the
OTT and TD groups, which were homogeneous in terms
of demographics, follow-up times, body mass index,
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concomitant surgery, graft type, and thickness, and found
the rates of lateral extra-articular procedures to be 16% and
5% for the OTT and TD groups, respectively (P > .05). Sat-
isfactory rates of failure and complication rates were
observed with the OTT technique. In addition, there was
no statistical difference between the OTT and TD groups in
terms of postoperative failure or complication rate.
Although not statistically significant, a 22% failure rate
in the TD group compared with an 11% failure rate in the
OTT group, may be clinically significant.

While the risk of reoperation after revision ACLR is
reported to be over 20%, meniscal pathologies are the
most common causes of reoperation at a reported rate of
12%.191721 Existing literature provides a possible explana-
tion, as meniscus repair failure after primary ACLR has
been reported at 4%, as compared with 10% after revision
ACLR.?® In our study, the reoperation rate due to meniscal
pathologies was found to be 6.9%. Arthrofibrosis is another
common cause of reoperation after revision ACLR surgery
and has been reported at a rate of 4% to 5% after primary
and revision surgeries.>!? Similarly, the rate of reoperation
of arthrolysis was found to be 5.9% in our study.

Limitations

This study has several limitations. First, preoperative and
postoperative patient-reported outcomes were not available
for all patients given the retrospective study design. Sec-
ond, additional clinical outcomes including patient-
reported outcome measures and activity level were not
included. Third, the surgical technique used for each
patient was not randomized but decided by the surgeon. All
surgeons used both techniques during revision ACLR, and
no surgeon exclusively used 1 technique, reducing but not
eliminating the risk of selection bias. Fourth, the sample
size was limited by the relative rarity of multiple-revision
ACLR surgery. Last, it is possible that some patients
sought care outside of our health care system for revision
surgery, preventing our ability to capture this data.

CONCLUSION

The current study identified satisfactory results in terms of
failure and complication rates after multiple-revision
ACLR performed with the OTT technique. Complication
and failure rates were similar between techniques, demon-
strating that the OTT technique is a valuable alternative
that can be used in a revision ACLR.
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