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Thoughts on Anterior Cruciate Ligament Surgery over the
Past 40 Years: Back to the Future
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Abstract
Surgical treatment of anterior cruciate injury (ACL) has evolved over the last 40 years. Both patient as well as surgeon
considerations must be made to optimize the successful treatment of an ACL injured patient. The focus of this paper is to discuss
several of the many important issues that continue as topics of discussion in the literature and on the podium. These include graft
selection and preparation, the role of anterior cruciate ligament repair, extra-articular tenodesis, and posterior tibial slope (PTS).
We will present the current data as it pertains to these topics and include the senior author's preferences derived from 40 years of
personal experience.
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Introduction
Anterior cruciate ligament tear (ACL) is
one of the most common knee injuries. It
is estimated there are between 100,000
and 200,000 ACL ruptures per year in the
United States alone, with an annual
incidence in the general population of
approximately 1 in 3500 [1,2,3]. ACL
deficiency leads to impairment of
subjective and objective knee functional
scores. The ACL primarily functions to
limit anterior tibial translation. It also
provides secondary rotational restraint
[4]. Thus, ACL deficiency leads to both
anteroposterior and rotational
i n s t a b i l i t y. T h i s i n s t a b i l i t y i s a
predisposing factor for meniscal and
articular cartilage injur y and
degeneration [5].
ACL reconstruction improves knee
stability and kinematics, and
consequently patients have the potential
to achieve higher functional scores
approaching the ACL-intact knee. [6,7].
Data suggests that ACL reconstruction

can limit osteoarthritis development [8]
and allows successful return to pivoting
sporting activities [9].
Over the last 40 years, surgical treatment
of ACL injuries has evolved. A myriad of
factors must be considered including
patient specific issues (associated
injuries, timing of surgery, graft selection
and preparat ion, and even bony
anatomy) and physician specif ic
considerations (surgical experience,
teamwork, rehabilitation protocol).
Successful ACL Reconstruction requires
a h i g h s t re n g t h g r a f t , a n ato m i c
positioning, rigid fixation, and avoiding
problems along the way.
The focus of this paper is to discuss the
avoidance of a number of complications
in ACL surgery in light of the senior
author 's personal experience and
thoughts throughout his career. These
include: anterior knee pain from patella
tendon autografts, inadequate diameter
for hamstring autografts, reducing the
risk of infection in ACL surgery, thoughts
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on the resurgence of ACL repair, the
potential role of lateral extra-articular
augmentation in primar y and/or
revision ACL reconstruction, and the
role of tibial slope in affecting ACL injury
and surgical outcomes.. This article
reviews data as it pertains to ACL graft
selection and preparation, reducing
infection, anterior cruciate ligament
repair, extra-articular augmentation, and
the often-overlooked issues related to
increased tibial slope.
Graft Selection and Preparation
Graft selection is among the most
debated topics regarding ACL
reconstruction (ACLR). The 2 main
alternatives used for grafts in ACL
reconstr uction are allografts and
autografts. Hamstring and patellar
tendon autografts (B-PT-B) are among
the most common choices for
reconstruction [10].
Anterior knee pain from patella tendon
autograft harvest has been a recurring
concern. However, many systematic
reviews and meta-analyses confirm the
value of B-PT-B Graft. When comparing
revision surgery between hamstring and
bone patellar tendon autografts, many
studies appear to support the latter. Biau
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et al. [11] demonstrated B-PT-B ACLR
patients experienced less postoperative
knee instability with a decreased risk of a
positive pivot-shift test result compared
with hamstring tendon autograft. In the
Scandinavian ACL registries, most ACL
reconstructions were performed using
hamstring autograft (84%). However, in
this data set, the overall risk of revision
was significantly lower in the patellar
tendon group versus the hamstring
group. The lower risk of revision in the
patellar tendon group was consistently
observed across subgroups of patient sex,
age, and concomitant cartilage injury
[12]. The New Zealand ACL registry
showed patients with a hamstring tendon
graft had a rev ision rate of 2.7%
compared with 1.3% in patients with a
patellar tendon graft (p<.001) [13].
Fur thermore, the Multicenter
Or thopaedic Outcomes Net work
(MOON) knee group most recently
published an incidence of ACL graft
revision at 6 years after index surgery was
2.1 times higher for high school and
collegiate athletes with a hamstring
autograft compared with a bone patellar
tendon autograft [14].
Anterior knee pain is a major concern
regarding bone-patellar tendon-bone
autograft related to donor site morbidity
[15]. This appears to occur in individuals
that predominantly perform activities
which involve kneeling. In order to
mitigate the risk for anterior knee pain,
we advocate for the following technique:
preser ve the patellar tendon
paratenon/pre-patella bursa, harvest
extra bone from tibia (which can be later
used as bone graft for the patella), graft
the patella defect prior to closing
paratenon/pre-patella bursa, loosely
close the patella tendon defect prior to
closing paratenon, and close
paratenon/pre-patella bursa. In the
senior author's experience, using this
sequence of steps has helped lower the
risk of anterior knee pain.
One of the major concerns w ith
hamstring autografts is graft diameter.

The MOON Cohort Study
demonstrated graft diameter to be a
significant predictor for the risk of failure.
In their cohort, there was a 7% revision
rate for grafts less than or equal to 8mm
compared to 0% revision rate for grafts
greater than 8mm. This appears to be an
even more problematic issue when
looking at the young active patient
population (less than 18 years old). They
found a 18.3% revision rate for these
patients in the cohort with grafts less than
or equal to 8mm compared to a 0%
revision rate for those with grafts greater
than 8mm [16]. As a result, 4,5, and 6strand hamstring techniques been
developed using shorter graft constructs
which reliably give grafts ≥8.5mm
diameter, even for small females[17].
Overall, the decision of graft choice is
multifactorial based patient age and
activity level. An educated discussion
should occur between surgeon and
patient. Individualized treatment plans
should occur. We recommend discussing
with the patient potential differences in
donor site morbidity, complication rates
as well as objective and patient reported
outcome measures when making an
informed decision about graft selection.
Overall, for patients under age 25,
especially athletes participating in
pivoting sporting activities, the senior
s u r g e o n p r e f e r s B -P T-B A C L R .
Hamstring autografts are preferred in less
aggressive athletes especially those over
25 years of age. There is a role for
allografts in ACL reconstruction, but
they should definitely be avoided in the
young, pivoting sport athlete. The
MOON group demonstrated that the
odds of an ipsilateral ACL retear were 5.2
times greater for an allograft (P <0.01)
than a B-PT-B autograft. That increased
risk of retear decreased with age, such
that by the age of 40, there was no
increased retear rate for allografts and
they are an attractive alternative for many
patients over 40 who are not at high risk
from aggressive cutting or pivoting sports
[18].

It is important to include reduction of the
risk of infection from ACL surgery in the
discussion of preparation of all ACL
g ra f t s. In f ec t i o n f o l l ow i ng ACL
reconstruction may range from 1-2%,
and can have disastrous consequences,
leading to repeated surgeries[19,20].
Naykayama et al have demonstrated that
there were significant numbers of grafts
(2%) and skin at incision sites (6%) that
were contaminated coagulase negative
Staphylococcus sp., which were often
methicillin resistant [21]. Both Vertullo
et al and Baron et al have used dilute
vancomycin to soak their grafts prior to
implantation and demonstrated a 10-fold
reduction in infection rates from 1.4% to
0% in Vertullo's study and 1.2% to 0.1% in
Baron's study [19,20]. We encourage and
routinely use antibiotic soaking while the
graft is under tension on the back table
and irrigate the wound with antibiotics as
the graft is delivered into the knee.
Anterior Cruciate Ligament Repair
ACL injuries were first described and
diagnosed in military cadets based on
physical exam as outlined by Feagin et al
[22]. Sixty-four cadets underwent open
arthrotomy and primary repair of the
ACL based on exam. Initially, the Feagin
et al group demonstrated good or
excellent 2 year-follow-up; however, at 5
years, over 50% had failed ACL repairs
based on physical exam[23,24]. They
concluded that “an injury to the anterior
cruciate ligament is a compromising
event even when subjected to repair.”
[22]. In their 30-year on average followup study, Taylor et al demonstrated a mix
of both acceptable and unacceptable
outcomes with mirroring the 5-year data
[24]. Kaplan et al. also studied a group of
52 patients who underwent primary
repair with an average follow-up of 6
years. They had an overall 17% failure
rate and 42% of patients had abnormal
laxity on KT-1000 testing[25]. These
findings demonstrate that primary repair
can be successful in a subset of patients;
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however, long term results are not
a c c e p t a b l e. T h i s h i g h l i g h t s t h e
importance of longer-term follow-up in
order to truly evaluate the efficacy of
ACL primary repair.
As arthroscopic techniques have evolved,
ACL repair more recently has been
revisited. Jonkergouw et al [26]. reported
56 arthroscopic suture anchor-based
repairs of proximal tears with a portion of
these having suture augmentation.
Repairs were only performed in proximal
ACL tears with both enough remnant
ligament length and adequate tissue
quality as determined by the senior
author. Six repairs failed (10.7%) within
1 year. There was no difference between
those w ith and w ithout suture
augmentation. Overall, patient reported
outcomes were significantly improved
but no return to sport data was collected.
The failure rate was higher than reported
for ACLR , however there i s the
advantage of no donor site morbidity
[26]. The same group sought out to
identify which subset of patients would
most benefit from repair given more
selective criteria when considering
repairs. Surprisingly, out of 365 patients,
in 158 patients (44%) primary repair was
possi ble. Mult ivar iate analysi s
demonstrated that age > 35, surgery
within 28 days, and BMI < 26 were
predictive for the possibility of repair.
Lateral meniscus injury decreased the
likelihood for repair. They did not look at
outcomes in this study [27]. A recent
systematic review by Nwachukwu et al.
also evaluated outcomes following
primary surgical repair of ACL tears[28].
The studies included utilized both
primary suture repair and dynamic intraligamentary stabilization. For all types or
ACL repairs overall, re-ruptures were as
high as 23.1%, revision surgery 33.3%,
and overall reoperations 51.5%. With a
subgroup analysis of just proximal tear
repairs the rates of revision ACLR and
total reoperations were as high as 12.9%
and 18.2%, respect ively[28]. A s
demonstrated in previous studies
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proximal repairs have the best chance for
success, however the rate of failure is still
higher than traditional ACL
reconstruction.
Apart from the anatomical factors
implicated in ACL repair, biologic
augmentation has more recently been an
expanding area of interest and research.
Current research is also focused on
regulating the extracellular matrix
turnover to allow for ligament
development and repair following injury
[29]. A collagen-based, bridge-enhanced
scaffold with fibroblasts present can
synthesize ten-fold more collagen
compared with fibroblasts on culture
plates[30]. This collagen scaffold seems
to offset the natural biologic effects of the
synovial environment. The current
scaffold being utilized in the bridgeenhanced anterior cruciate ligament
repair (BEAR) trial was developed by
Martha Murray M.D. and her research
team at Boston's Children's Hospital. It is
a bovine collagen scaffold soaked with
whole blood [31]. The hypothesized
advantages of bridge enhanced ACL
repair include: (1) blood cells added to
the scaf fold may have an antiinf lammator y ef fect by releasing
chrondroprotective cytokines, (2) the
proprioceptive function is restored
through repair because the torn ends of
the ACL (with their proprioceptive
abilities) are maintained, and (3) the
collagen bridge itself may prevent the
degradative enzymes from degrading the
articular cartilage.
The BEAR trial has published results
after 2 years in 10 patients compared to
patients who received a 4-strand
hamstring autograft. Patients included
were ages 18-35 with isolated full
thickness mid-substance ACL tears.
Bucket-handle meniscus tears were
excluded from these cohorts. Overall,
results were excellent in both groups with
no failures at 2 years. Functional and
subjective outcome scores demonstrated
no significant differences [31]. There are
2 clinical trials of the BEAR technique

currently listed on the United States
National Institutes of Health as of March
2 0 2 0
(
https://clinicaltrials.gov/ct2/show/NC
T 0 3 7 7 6 1 6 2
a n d
https://clinicaltrials.gov/ct2/show/NC
T02664545 ). Although neither is
recruiting study subjects today, we look
forward to their results. Certainly, it is too
early to make definitive conclusions;
however, the search for the ideal growth
factors and/or stem cells to augment the
scaffold is likely a significant area of
research focus.
Extra-articular Augmentation
The anterolateral ligament of the knee is
believed to have been first described by
Paul Segond in 1879. Segond described a
“pearly, resistant, fibrous band which
invariably showed extreme amounts of
tension during forced internal rotation
(of the knee)” at the location of what is
now referred to as a “Segond fracture.”
[32]. Hughston and Andrews in 1976,
provided the blueprint for the detailed
anatomy that comprises the lateral aspect
of the knee. In their classification of knee
ligament instabilities, they described a
disruption of the mid third of the lateral
capsule resulting in anterolateral rotatory
instability[33]. Claes et al in 2013
rediscovered the “mid- third” lateral
capsule and renamed it the anterolateral
ligament (ALL)[34].
Song et al [35], in their systematic review,
investigated clinical outcomes of
co m b i n ed latera l e x t ra- ar t i c u lar
tenodesis (LET) and intra-articular ACL
reconstruction (ACLR) in treating ACL
injuries with high-grade pivot shift.
Among the 5 comparative studies, the
prevalence of residual pivot shift was
significantly lower in patients with LET
plus ACLR (13.3%) than those with
isolated ACLR (27.2%). Although LET
plus ACLR provided a significant
reduction in the prevalence of residual
pivot shift, there was no differences in
objective International Knee
Documentation Committee (IKDC)
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augmentation is in patients requiring
revision surgery who have a grade 3 pivot
after a previously well-performed ACL
reconstruction when no additional
reason for failure is identified, It is
important not to over-constrain the knee,
with an emphasis to tension in full
extension and neutral rotation.

a

b

Figure 1a: Lateral knee radiograph of a 25-year-old male who has torn 2 ACL autograft
reconstructions and has undergone a resection of the majority of his medial meniscus. His
posterior tibial slope is >13°.
Figure 1b: Immediate post-operative lateral radiograph following a deflexion osteotomy,
with bone grafting his tunnels, which reduced his PTS to 4°. The revision ACL
reconstruction with medial meniscal transplantation was performed as a 2nd staged
procedure.

scores and anterior knee stability
compared with isolated ACLR at shortterm follow-up (mean 46.2 months,
range 24-76 months).
Isolated extra-articular reconstructions
are rarely performed in contemporary
practice. If done in isolation, they are
associated with a high rate of persistent
anterior instability and early
degenerative change. Combined ACLR
and LET results in a significant reduction
in the prevalence of residual pivot shift,
but most of the studies do not
demonstrate any significant difference
w ith respect to patient-repor ted
outcome measures and return to sport.
Early on some authors reported a trend
toward s decreased graf t r upture
rates[31], and more recent literature has
been able to elucidate a significant
clinical decrease in rupture rates. In a
clinical study, combined anatomic ACL
and ALL reconstruction was reported to
be associated with a threefold reduction

in graft rupture rates and improved
return to sport compared to isolated ACL
graft choices[37]. Getgood et al, in a
recent randomized controlled trial,
demonstrated the addition of LET to a
single-bund le hamstr ing tendon
autograft ACLR in young patients at high
risk of failure resulted in a statistically
significant, clinically relevant reduction
in graft rupture and with reduced
rotatory laxity at 2 years after surgery
[38].
The senior author's preferred technique
is similar to that described by Ferreira et
al, with placement of the reconstruction
deep to the lateral collateral ligament.
[39]. While the absolute indications for
L ET h av e n o t y e t b e e n d e f i n e d
consideration should be given in those
patients undergoing primary surgery
with a grade 3 pivot shift and when a
Segond fracture is present with any
degree of pivot shift. Perhaps the clearest
indicat ion for an ex tra-ar t icular

Considerations on Tibial Slope
Over the last decade increased posterior
tibial slope (PTS) has been identified as
one of the factors that increases the risk of
ACL tearing and also increases the risk of
failure of ACL reconstruction[40,41].
Posterior tibial slope has a direct effect on
ACL loading and in the active population
at the United States Military Academy at
West Point Todd et al demonstrated that
in cadets with noncontact ACL tears had
significantly greater PTS (9.39° ± 2.58°)
than did non-injured control subjects
(8.50° ± 2.67°)[40]. Webb et al studied a
cohort of 200 consecutive ACL patients
that underwent 1° using hamstring
autografts which were part of their
prospective longitudinal ACL study[41].
Of the 181 patients that had complete
follow-up data, 50 went on to tear either
their ACL graft or the ACL in their
contralateral knee. The 50 patients with
further ACL injury had a PTS of 9.9°
versus 8.5° for the 131 patients without
further injury (P = .001). For those
patients who tore both their ACL graft
and their contralateral ACL the mean
PTS was 12.9°.In those patients with PTS
≥12 the odds of further ACL injury was
increased by a factor of 5, approaching
60%.Based on this data, I measure tibial
slope off a lateral radiograph on every
ACL injured patient and counsel my
patients and their families that a PTS ≥
10° is a concern and ≥12° might be a
reason to consider an alternative athletic
career.
Correction of an elevated tibial slope is
an alternative in those patients elevated
P TS w ho have fai led pr ior ACL
reconstruction. (Figure 1) Dejour et al
have reported on successful outcomes in
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repeated ACL revision reconstruction by
performing a deflexion osteotomy with
the repeat revision ACL
reconstruction[42]. In their series of 10
patients w ith 90% follow-up at a
minimum of 2 years (range 2.5 to 8.0
years) they lowered the mean PTS from
13.2° ± 2.6° preoperatively to 4.4° ± 2.4°
and all patients remained stable.
Conclusion
As surgeons, we need to continue to learn
from the past while also not being the

first or last to adapt to innovation. ACL
repair is a great example in which early
results in the past were good but with
time, its effectiveness fell off. Albeit,
repair has come back around in terms of
proximal repairs and now biologic
scaffold augmentation w ith early
promising results. Successful ACL
reconstruction requires a high strength
graft, anatomic tunnel positioning, and
rigid fixation. Continued prospective
collection of patient data will be
important moving forward as we attempt
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to further help guide our decisions in
ACL reconstruction or repair to provide
the best care to our patients. In summary,
the lessons learned in the past 40 years for
a successful ACL surgery include: 1.
High strength graft with meticulous
harvest and preparation, 2. Anatomic
positioning, 3.Rigid fixation, 4. Avoiding
problems along the way, 5. Learning from
past missteps, and 6. Don't be the 1st or
last to adopt what's new. Always be driven
by science and doing what is best for your
patients.
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