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Background: While surgeons with high caseload volumes deliver higher value care when performing primary anterior cruciate
ligament reconstruction (ACLR), the effect of surgeon volume in the revision setting is unknown.

Purposes: To determine the percentage of revision ACLR procedures that comprise the practice of high-, medium-, and low-
volume surgeons and to analyze associated referral and practice patterns.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: We retrospectively investigated all revision ACLR procedures performed between 2015 and 2020 in a single health care
system. Surgeons were categorized as low (�17), medium (18-34), or high (�35) volume based on the number of annual ACLR
procedures performed. Patient characteristics, activity level, referral source, concomitant injuries, graft type, and treatment
variables were recorded, and a comparison among surgeon groups was performed.

Results: Of 4555 ACLR procedures performed during the study period, 171 (4%) were revisions. The percentage of revision ACLR
procedures was significantly higher for high-volume (5%) and medium-volume (4%) surgeons compared with low-volume sur-
geons (2%) (P< .01). Patients undergoing revision ACLR by a high-volume surgeon had a significantly higher baseline activity level
(P ¼ .01). Allografts were used significantly more often by low-volume surgeons (70%) compared with medium-volume (35%) and
high-volume (25%) surgeons (P < .01). Bone–patellar tendon–bone (BPTB) and quadriceps tendon (QT) autografts were used
significantly more often by high-volume (32% BPTB, 39% QT) and medium-volume (38% BPTB, 14% QT) surgeons compared with
low-volume surgeons (15% BPTB, 10% QT) (P < .01). High-volume surgeons were more likely to perform revision on patients with
cartilage injuries (P ¼ .01), perform staged revision ACLR (P ¼ .01), and choose meniscal repair (54% high vs 22% medium and
36% low volume; P¼ .03), despite similar rates of concomitant meniscal tears, compared with low- and medium-volume surgeons.

Conclusion: In this registry study of an integrated health care system, high-volume surgeons were more likely to perform revision
ACLR on patients with higher activity and competition levels. Additionally, high-volume surgeons more commonly performed
staged revision ACLR, chose meniscus-sparing surgery, and favored the use of autografts compared with low-volume surgeons.
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When anterior cruciate ligament (ACL) reconstruction
(ACLR) is performed by high-volume surgeons, lower rates
of reoperations, readmissions, and infections and decreased
costs have been demonstrated.7,11,18,19 Various causes of
ACLR failure, including recurrent trauma, patient-
related factors, graft choice, and technical errors, have
commonly been discussed and have been studied in multi-
ple prospective registries.3,6,20 However, surgeon expertise
and case volume have not been reported or discussed.12

Given the greater level of technical expertise required
in performing revision ACLR, practice patterns for revi-
sion ACLR are likely different among surgeons with

various surgical volumes. In the primary ACLR setting,
high-volume surgeons have been shown to more effec-
tively utilize hospital resources.5,19 Additionally, for pri-
mary ACLR, surgeons with higher volumes have
been shown to more commonly use autografts and repair
the meniscus when concomitant meniscal injuries are
present.4,8 While the effect of surgeon volume on revision
ACLR practices has not been studied, this knowledge
would be useful for improving the delivery of high-
quality care.

The purpose of this study was to determine the percent-
age of revision ACLR procedures that comprise the practice
of high-, medium-, and low-volume ACLR surgeons; addi-
tionally, we aimed to assess referral patterns and descrip-
tive, injury, and treatment variables in each group. It was
hypothesized that high-volume surgeons would perform
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more revision ACLR procedures annually than would
medium- and low-volume surgeons; additionally, revision
ACLR for high-volume surgeons would more commonly
consist of patients with complex pathology referred from
other providers and health care systems.

METHODS

After receiving institutional review board approval, we con-
ducted a retrospective database review of all primary and
revision ACLR procedures performed between January 1,
2015, and January 31, 2020, within a single health care
system. Patients are prospectively entered into this data-
base, which includes all ACLR procedures performed
within the 12 facilities making up the system. All ACLR
procedures performed during the study period were
included in this study. All patients provided written
informed consent prior to ACLR.

Surgeons were categorized by the number of annual
ACLR procedures performed as low (�17), medium
(18-34), or high (�35) volume. This cutoff has been previ-
ously described to determine clinically meaningful annual
volume thresholds based on the risk of subsequent knee
surgery after ACLR as opposed to an arbitrarily defined
volume cutoff point.18 Additionally, using this method,
more similar percentages of surgeons in each category
(46% low volume, 29% medium volume, and 25% high vol-
ume) were found in the database.

All revision ACLR procedures, defined as those in which
a second ACLR procedure was performed after primary
ACLR, were recorded. Both the referral source for each
revision ACLR procedure and whether multiple revisions
had been performed were recorded. All cases in which the
referral source was available were included in the final
analysis. There were 2 revision ACLR procedures with an
unknown referral source that were identified and subse-
quently excluded. Referral source was defined as being
from outside the participating health care system, within
the participating health care system, and self-referral
(cases in which primary ACLR was performed by the sur-
geon performing revision ACLR). Descriptive data includ-
ing age at the time of primary and revision ACLR, baseline
activity level (competition level, Marx activity rating scale
score, and Tegner activity scale score), and time from graft
failure or previous ACLR to revision ACLR were recorded.
For analysis of the competition level, all athletes competing
at the collegiate level or higher were considered “elite.”
Injury data including total concomitant injuries, meniscal
tears, cartilage injuries, and multiligament knee injuries

were recorded. Finally, treatment data including graft
type, whether staged revision ACLR was performed, and
type of treatment for concomitant injuries were collected
for each revision ACLR procedure.

For statistical analysis, group and subgroup comparisons
among surgeons with different caseload volumes (low,
medium, and high) were performed using the chi-square
test for categorical variables. A 1-way analysis of variance
with post hoc Tukey analysis or the Kruskal-Wallis test
was used for parametric or nonparametric continuous vari-
ables, respectively. For detection of the percentage of revi-
sion ACLR procedures in the practices of low-, medium-, and
high-volume surgeons, a post hoc power analysis demon-
strated a power of 0.98 for a difference of �2% between
groups. Statistical analysis was performed using SPSS Sta-
tistics (Version 26; IBM Corp), with the threshold for signif-
icance set at P < .05.

RESULTS

Of 4555 ACLR procedures that were performed during the
study period, 171 (4%) were revisions. There were 2 revi-
sion ACLR procedures that did not have data on the sur-
geon who had performed primary ACLR and were
secondarily excluded from the analysis of referral source.
Of the 171 revisions included in the analysis, 142 were
referrals from within the integrated health care system,
and 29 were external referrals. The included revision ACLR
procedures were performed on 154 patients with a mean
age of 22.9 ± 9.3 years. The mean age at the time of primary
ACLR was significantly different for patients who subse-
quently underwent revision by low-volume (23.1 ±
9.3 years), medium-volume (22.0 ± 9.3 years), and high-
volume (18.5 ± 6.9 years) surgeons (P ¼ .03). The mean age
at the time of revision ACLR was 27.1 ± 11.9, 24.5 ± 9.9, and
21.6 ± 8.4 years for low-, medium-, and high-volume sur-
geons, respectively, but this difference was not statistically
significant.

The percentage of revision ACLR procedures was signif-
icantly higher for high-volume (5%) and medium-volume
(4%) surgeons compared with low-volume surgeons (2%)
(P < .01). There was no statistically significant difference
in the number of revisions performed by surgeons who had
performed the primary ACLR procedure among the groups.
There were no statistically significant differences in the
referral source between the surgeon groups (Table 1).

Patients undergoing revision by a high-volume surgeon
were significantly more likely to have a higher baseline
activity level, as defined by the competition level (P ¼ .01),
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as well as higher Marx and Tegner scores (P < .01 for both)
compared with medium- and low-volume surgeons (Figure 1
and Table 2).

Significant differences in graft choice for revision ACLR
were seen, with allografts more frequently used by low-
volume (n ¼ 14 [70%]) compared to medium-volume (n ¼
13 [35%]) and high-volume (n ¼ 29 [25%]) surgeons (P <
.01) (Figure 2). Bone–patellar tendon–bone (BPTB) and
quadriceps tendon (QT) autografts were more likely to be
used by high-volume (n ¼ 37 [32%] and n ¼ 44 [39%],
respectively) and medium-volume (n ¼ 14 [38%] and n ¼
5 [14%], respectively) surgeons compared to low-volume
surgeons (n ¼ 3 [15%] and n ¼ 2 [10%], respectively) (P <
.01). A significant difference was also seen in graft type
utilized for primary ACLR, with allografts and autografts
being used for patients subsequently undergoing revision
by low-volume surgeons in 50% and 45% of cases, respec-
tively; medium-volume surgeons in 30% and 70%, respec-
tively; and high-volume surgeons in 15% and 77%,

respectively (P < .01). Of note, low-volume surgeons per-
formed revision ACLR in elite or high school athletes in
39% of cases but these patients had autografts in 45% of
primary ACLR cases, while high-volume surgeons per-
formed revision ACLR in elite or high school athletes in
71% of cases but these athletes had autografts in 77% of
primary ACLR cases. A subgroup analysis was conducted
and found that in cases of revision ACLR for elite and high
school athletes, an autograft was used in 43% of these cases
by low-volume surgeons, 75% by medium-volume surgeons,
and 78% by high-volume surgeons, although this failed to
meet statistical significance (P ¼ .12).

There was no statistically significant difference in the
percentage of revisions performed with concomitant
meniscal tears when stratified by surgeon volume. How-
ever, high-volume surgeons were more likely to treat a
meniscal tear with repair (54%) or allograft transplanta-
tion (7%) compared to medium-volume (22% and 0%,
respectively) and low-volume (36% and 0%, respectively)
surgeons, while partial meniscectomy was performed
more commonly by low-volume (50%) and medium-
volume (57%) surgeons compared with high-volume sur-
geons (24%) (P ¼ .03) (Table 3).

A subgroup analysis demonstrated that there was no
significant difference in meniscal tear treatment between
medium- and low-volume surgeons (P ¼ .78). High-volume
surgeons were more likely to perform revision ACLR on
patients with cartilage injuries (n ¼ 71 [62%]) (P ¼ .01);
however, there was no statistically significant difference
in the type of treatment for concomitant cartilage injuries
by surgeon volume. Finally, high-volume surgeons were
found to be more likely to perform staged revision ACLR
(n ¼ 37 [33%]) compared with low-volume (n ¼ 3 [15%])

TABLE 1
Referral Sources for Revision ACLR (n ¼ 171)a

Surgeon Volume

Low Medium High

Outside integrated health care system 3 (15) 2 (5) 24 (21)
Within health care system 4 (20) 9 (24) 28 (25)
Self-referral 13 (65) 26 (70) 62 (54)
Re-revision 1 (5) 4 (11) 11 (10)
Total annual cases, n 20 37 114

aData are presented as n (%) unless otherwise specified.
ACLR, anterior cruciate ligament reconstruction.
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Figure 1. (A) Competition level, (B) Marx activity rating scale score, and (C) Tegner activity scale score of low-volume (�17 cases
per year), medium-volume (18-34 cases per year), and high-volume (�35 cases per year) surgeons. High-volume surgeons were
statistically significantly more likely to perform revision anterior cruciate ligament reconstruction on elite and high school athletes as
well as athletes with higher Marx and Tegner scores than were medium- and low-volume surgeons. *Statistically significant
difference between groups (P < .05).
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and medium-volume (n ¼ 3 [8%]) surgeons (P ¼ .01). No
significant differences were identified regarding patient
age at the time of revision ACLR (P ¼ .13), time from
ACLR graft failure to revision ACLR (P ¼ .92), time
between most recent ACLR and revision ACLR (P ¼ .79),
total concomitant injuries (P¼ .88), or multiligament inju-
ries (P ¼ .59).

DISCUSSION

The main finding of this study was that practice patterns
for revision ACLR varied significantly among surgeons
with different surgical volumes. Low-volume surgeons
were found to perform fewer revision ACLR procedures and
utilize significantly more allografts compared with high-
and medium-volume surgeons, while high- and medium-
volume surgeons were more likely to use QT and BPTB
autografts. High-volume surgeons were more likely to per-
form meniscus-sparing procedures, perform more staged
revisions, and treat patients with concomitant cartilage
injuries compared to medium- and low-volume surgeons.
High-volume surgeons were more likely to perform revision

TABLE 2
Statistically Significant Patient, Injury, and Treatment Variables for Revision ACLRa

Surgeon Volume

Low (n ¼ 20) Medium (n ¼ 37) High (n ¼ 114) P Value

Activity level [n ¼ 18, not 20.]b .01
Elite 3 (17) 5 (14) 32 (28)
High school 4 (22) 11 (30) 49 (43)
Recreational 7 (39) 14 (38) 27 (24)
Nonathlete 4 (22) 7 (19) 6 (5)

Marx score 9.9 ± 4.9 10.2 ± 4.9 12.9 ± 3.7 < .01
Tegner score 5.7 ± 2.2 5.6 ± 1.8 6.9 ± 1.6 < .01
Graft choice for primary ACLR < .01

Allograft 10 (50) 11 (30) 17 (15)
Autograft 9 (45) 26 (70) 88 (77)
Unknown 1 (5) 0 (0) 9 (8)

Graft choice for revision ACLR < .01
Allograft 14 (70) 13 (35) 29 (25)
BPTB autograft 3 (15) 14 (38) 37 (32)
Hamstring tendon autograft 1 (5) 5 (14) 4 (4)
QT autograft 2 (10) 5 (14) 44 (39)

Cartilage injury 9 (45) 13 (35) 71 (62) .01
Staged management 3 (15) 3 (8) 37 (33) .01

aData are presented as n (%) or mean ± SD. bn ¼ 18 for the activity level analysis as data was not available for 2 patients. The rest of the
analysis in the table for the low-volume group were done with n ¼ 20. Boldface P values indicate statistically significant differences according
to surgeon volume (P < .05; chi-square test for categorical variables and 1-way analysis of variance for continuous variables). ACLR, anterior
cruciate ligament reconstruction; BPTB, bone–patellar tendon–bone; QT, quadriceps tendon.
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Figure 2. Graft choice among low-volume (�17 cases per
year), medium-volume (18-34 cases per year), and high-
volume (�35 cases per year) surgeons. BTB, bone-tendon-
bone; QT, quadriceps tendon.

TABLE 3
Treatment of Concomitant Meniscal Tears at the Time of

Revision ACLRa

Surgeon Volume

Low Medium High

Meniscal tear 14 (70) 23 (62) 67 (59)
Nonoperative treatment 2 (14) 4 (17) 10 (15)
Partial meniscectomy 7 (50) 13 (57) 16 (24)
Meniscectomy 0 (0) 1 (4) 0 (0)
Repair 5 (36) 5 (22) 36 (54)
Allograft transplantation 0 (0) 0 (0) 5 (7)

aData are presented as n (%). A significant difference in treat-
ment choice existed according to surgical volume (P ¼ .03). ACLR,
anterior cruciate ligament reconstruction.
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ACLR on patients of higher activity and competition levels
than were low- and medium-volume surgeons.

The study findings indicated that the percentage of revi-
sion ACLR procedures was significantly higher for high-
volume (5%) and medium-volume (4%) surgeons compared
with low-volume surgeons (2%). These findings are similar
to prior reports in the literature, with rerupture rates
reported as low as 3.5%, even when revision ACLR was
performed by experienced surgeons.2,7,9,10 While previous
studies have reported that revision ACLR is more likely to
be performed by a different surgeon from the one perform-
ing the primary ACLR procedure, particularly when a low-
volume surgeon performed the primary ACLR, we did not
find any difference in the referral source within this study
cohort.21 A similar number of revisions were performed by
the same surgeons who performed the primary ACLR pro-
cedures among high-, medium-, and low-volume surgeons
in this study. This contradicts current evidence that high-
volume surgeons perform higher quality primary ACLR, as
the need for revision ACLR may be similar, despite surgeon
volume. However, this study only captured patients who
underwent revision ACLR; an analysis of the number of
patients with ACLR failure who did not elect to undergo
revision surgery may yield different results. In the current
study, high-volume surgeons were more likely to perform
revision on patients with cartilage injuries as well as choose
meniscus-preserving surgery. Recent studies from the Mul-
ticenter Orthopaedic Outcomes Network and Multicenter
ACL Revision Study (MARS) groups demonstrated menis-
cal and cartilage injuries in 90% of patients at the time of
revision ACLR.1,13 Furthermore, the predilection for
meniscus preservation seen in the current study aligns
with prior literature demonstrating an increased incidence
of meniscal repair procedures by higher volume surgeons in
the primary ACLR setting.25

In the current study, while there was no difference in the
rate of revisions performed by the same surgeon who per-
formed the primary ACLR procedure, high-level athletes
more commonly had revision ACLR performed by high-
volume surgeons. This may provide an explanation for prior
findings reported in the literature demonstrating that
patients change surgeons 75% of the time when primary
ACLR was performed by a low-volume surgeon compared
with 21% of the time when primary ACLR was performed
by a high-volume surgeon.21 This may be a result of high-
level athletes desiring treatment by perceived experts, par-
ticularly after experiencing ACLR failure.

In this study, low-volume surgeons were more likely to
use allografts for revision ACLR compared with medium-
and high-volume surgeons. Low-volume surgeons utilized
allografts more often than all other autograft options
combined (70% of cases), while medium- and high-
volume surgeons only used allografts in 35% and 25% of
their cases, respectively. Prior studies have consistently
demonstrated better outcome scores and lower graft fail-
ure rates with autografts compared with allografts for
revision ACLR.14-17,23,24 The MARS group showed that the
use of autografts for revision ACLR resulted in improved
International Knee Documentation Committee scores,
Knee injury and Osteoarthritis Outcome Score values in

the Sport and Recreation and Quality of Life subscales,
and 2-year Marx scores compared with use of allografts.15

The authors also found that patients undergoing revision
ACLR with an autograft were 2.8 times less likely to sus-
tain a subsequent graft rupture compared with those with
an allograft.15 A follow-up study by the MARS group
showed that autografts had a decreased risk of graft fail-
ure compared with allografts at 6-year follow-up.14 This
was supported by one study that showed that recurrent
graft failures requiring multiple revision ACLR proce-
dures are associated with the use of allografts for the first
revision compared to single graft failures in which auto-
grafts are predominant.23

A recent study evaluating factors that influence graft
choice concluded that the revising surgeon had the largest
effect on graft choice. The authors showed that if the prior
graft type was an autograft, then an allograft was 3.6 times
more likely to be chosen for revision.16 These findings con-
flict with those of the current study, as a significant differ-
ence was seen in the graft type used at the time of primary
ACLR, with allografts more commonly used in patients
undergoing revision by low-volume compared with high-
volume surgeons; nonetheless, an autograft was used more
commonly by high-volume surgeons in the revision setting.
The approach to revision ACLR is controversial and sur-
geon dependent but should be tailored to the patient while
taking into account risks for revision ACLR failure. Finally,
our study results are consistent with a recent report that
QT autografts are becoming increasingly used for revision
ACLR.22

While all revision ACLR procedures in a single health
care system were included in this study, these results may
not be generalizable to patients in other practice settings.
The categorization of surgeon volume was determined
based on the literature, but it is unknown what the clini-
cally relevant thresholds are for surgeon ACLR volume.
This study only considered surgeon volume but did not
account for surgeon experience, which may play a role in
the treatment approach to revision ACLR. Additionally,
this study did not evaluate variables such as age at the time
of primary ACLR and its association with ACLR failure or
postoperative outcomes after revision ACLR, which was
beyond the scope of this study. Last, there may be other
confounding factors that have not been assessed, as factors
for ACLR graft failure are numerous.

CONCLUSION

In this registry study of an integrated health care system,
high-volume surgeons were more likely to perform revision
ACLR on patients with higher activity and competition
levels. Additionally, high-volume surgeons more commonly
performed staged revision ACLR, chose meniscus-sparing
surgery, and favored the use of autografts over allografts
compared with low-volume surgeons. In value-based health
care, these data may be used to allow targeted interven-
tions with the aim of improving clinical outcomes in
patients undergoing ACLR.
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