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Introduction

The anterior cruciate ligament (ACL) is among the most
commonly ruptured ligaments with 100,000 to 200,000
injuries,1 andmore than 100,000 estimated primary anterior
cruciate ligament reconstructions (ACLR) performed yearly
only in the United States.2

Notchplasty is an ancillary surgical procedure, historically
conceived and developed with the aim to widen the inter-
condylar space and avoid the graft/notch impingement.
Notchplasty is considered a useful step especially in the
traditional transtibial single-bundle ACLR technique,
whereas the femoral tunnel is made at the isometric point

on the lateral wall of the femoral notch.3,4With the advent of
transportal techniques, the need for notchplasty has been
decreasing, even if it is still mostly performed.5 Although
notchplasty is easily and quickly feasible, there is still a lack
of evidence related to volume and location of an eventually
required notchplasty,2,6 aswell as its effect on the outcomeof
ACLR.4 Little is known about long-term consequences of this
procedure, leaving surgeons mostly free to choose following
their background. Moreover, a growing body of laboratory-
based research instilled the suspicion that notchplasty could
adversely affect graft integration, knee biomechanics as well
as the surrounding cartilage,7–9 but these aspects are still
debated, and not yet fully understood.
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Abstract Purpose Notchplasty is a complementary surgical procedure often performed during
anterior cruciate ligament reconstruction (ACLR) with the aim to widen the inter-
condylar notch and to avoid graft impingement. The aim of this review was to analyze
the current literature evidence concerning the effects of notchplasty on clinical
outcome after primary ACLR.
Methods Cochrane Database of Systematic Reviews, the Cochrane Central Register of
Controlled Trials, PubMed, and MEDLINE were used to search English language studies,
from January 1990 to July 2015, concerning the effects of the notchplasty on ACLR,
using the following keywords: “ACL” OR “anterior cruciate ligament” OR “ACL recon-
struction” OR “anterior cruciate ligament reconstruction” AND “notch” OR “notch-
plasty” OR “intercondylar notch”. Randomized and nonrandomized trials, case series,
technical notes, biomechanical studies and radiological study were included.
Results At the final screening 16 studies were included. Despite widely used, the
usefulness of notchplasty duringACLR remains unclear. Some concerns emerged regarding
potential harmful effects of notchplasty, mostly related to the knee biomechanics and
postoperativeblood loss.Notchplasty canbeuseful in the treatmentof arthrofibrosis and in
presenceofbony spursof thenotchboth inprimary and revision surgery.However, the level
of evidence of available literature is poor and there is a strong need for randomized
controlled trials investigating the role of notchplasty on ACLR.
Conclusion We suggest being aware of potential complications following notchplasty
during ACLR before deciding to perform notchplasty in primary ACLR, reserving it for the
surgical management of arthrofibrosis, treatment of notch osteophytosis and revision ACLR.
Level of Evidence Level IV, systematic review of level II-IV studies.
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Another concept that historically led to a large use of this
procedure concerns the role that the intercondylar volume
would play in the incidence of ACL injuries. Nevertheless, no
univocal data is supporting this hypothesis, and the addition
of notchplasty to reduce the reinjury risk is not sup-
ported.10–14 Conversely, most literature agrees upon the
utility of notchplasty in the management of arthrofibrosis
and cases of chronic instability or revision ACLR, whereas the
intercondylar notch may be characterized by the presence of
osteophytes.3,15–18

We designed this article with the aim to summarize the
current literature evidence concerning the effects of notch-
plasty on the clinical outcome of primary ACLR.

Methods

We reviewed the literature published from January 1990 to
July 2015 using the Cochrane Database of Systematic
Reviews, the Cochrane Central Register of Controlled Trials,
PubMed, and MEDLINE. Our purpose was to identify and
include all English language studies concerning the effects of
the notchplasty on ACLR. Two independent reviewers con-
ducted the search separately, using the following search
strategy: “ACL” OR “anterior cruciate ligament” OR “ACL
reconstruction” OR “anterior cruciate ligament reconstruc-
tion” AND “notch” OR “notchplasty” OR “intercondylar
notch.”

We included randomized and nonrandomized trials, case
series, technical notes, biomechanical studies, and articles in
which the primary outcome measure was an imaging mod-
ality (plain radiography, computed tomography scan, mag-
netic resonance imaging scan, three-dimensional analysis,
and/or computer navigation). We excluded abstracts, letters,
reviews, non-English language publications, articles pub-
lished before 1990, and expert opinions (level V evidence).

Each included article was reviewed in its entirety, and all
emerged risks, benefits, advantages, and/or disadvantages of
notchplasty were extracted and tabulated.

Our search identified 531 abstracts or full-text articles.
These articles were reviewed and cross-referenced to
exclude repeated references. On the basis of titles, 457
studies were excluded. Abstract of the remaining 74 con-
sidered pertinent articles were analyzed, leading to a further
exclusion of 33 articles. Full text of 41 relevant abstracts was
obtained and reviewed to determine eligibility. The last
screening based on the full-text review conducted to exclude
27 more articles. Reference sections of all accessed articles
were then searched for any undetected study and the
remaining 16 articles5,11,16–29 met the inclusion criteria
and were analyzed in this review (►Fig. 1).

Results

Our search identified 531 abstracts or full-text articles. These
articles were reviewed and cross-referenced to exclude
repeated references. On the basis of the titles, 457 studies
were excluded. Abstract of the remaining 74 considered
pertinent articles were analyzed, leading to further 33

exclusions. Full text of 41 relevant abstracts was obtained
and reviewed to determine eligibility. The last screening
based on the full-text review conducted to exclude 27
more manuscripts. Reference sections of all accessed articles
were then searched for any undetected study and 16
articles5,11,16–29 met the inclusion criteria and were ana-
lyzed in this review (►Fig. 1). The articles were divided into
laboratory-based studies, radiological studies, and clinical
studies. Characteristics of included studies were recorded
and summarized in ►Table 1.

Laboratory-Based Studies
Fitch et al23 first evaluated the effect of notchplasty in stable
and unstable canine stifles. However, LaPrade et al27 first
raised concern about the effects of aggressive intercondylar
notchplasty in an animal study. They reported subsynovial
fibrosis and loss of surface proteoglycans in those canine
knees who had notchplasty, showing a detrimental role over
the cartilage after this procedure; moreover, bone growth
(i.e., osteophytes) was observed in the notchplasty area
although the notches did not impinge and the knees had
no instability, suggesting to limit the notchplasty in case of
graft impingement. Asahina et al20 observed a fibrous scar
tissue that covered notchplasty area, but histological exam-
ination did not show cartilage regrowth in a rabbit model.

The role of notchplasty on knee kinematic and its effects
on the graft were also investigated. Keklicki et al26 evaluated
loading changes of 12 porcine knee pre- and post-notch-
plasty after single-bundle ACLR. Using a robotic testing
system, the authors compared four knee states: intact ACL,
ACL-deficient, anatomic single-bundle ACLR, and anatomic

Fig. 1 Flow diagram detailing the results of the literature search.
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Table 1 Characteristics of included studies

Author Year Study design Level of
evidence

Methods Findings

Fitch et al 23 1995 Animal
(interventional
study)

IV A total of 12 knees of 6 dogs
underwent bilateral notchplasty
and unilateral ACL resection.
Operated knees underwent loads
until euthanasia at 6 mo.
Orthopedic examination, X-ray,
and histopathological examination
were performed

Bone refilling of the notchplasty
area in all the knees. In stable
knees, notchplasty was refilled by
lamellar bone covered with fibrous
tissue. In stable knees, notchplasty
was refilled by osteophytes and
fibrous tissue

LaPrade
et al27

1998 Animal
(comparative
study)

IV Three groups of 6 dogs each were
observed for 6 mo. Group I had a
sham operation. Group II had a
4-mm notchplasty. Group III had a
7- to 8-mm notchplasty

Osteophytes formation in the
notchplasty area. Subsynovial
lymphocytes and plasma cells and
decrease in safranin O staining with
aggressive notchplasty

Asahina
et al20

2000 Animal
(comparative
study)

IV Situ freeze-thawmodel was used to
evaluate histological and
biomechanical behavior of ACL
after ACLR

Notchplasty area was covered with
soft tissue

Keklikci
et al26

2013 Laboratory
(biomechani-
cal study)

IV Knees with different ACL
configuration (intact or deficient or
reconstructed with or without
notchplasty) were evaluated and
compared

Notchplasty may cause anterior
laxity

Markolf et al8 2002 Laboratory
(biomechani-
cal cadaveric
study)

IV Performed loading test after 2 mm
and 4 mm notchplasty following
ACLR, to evaluate graft forces and
knee laxity

After notchplasty, a higher level of
graft pretension is necessary to
restore normal laxity at 30° of
flexion. This increased level of
pretension, combined with
changes in graft excursion,
produced dramatic increases in
graft force when the knee was
flexed to 90 degrees

Hame et al7 2003 Laboratory
(biomechani-
cal cadaveric
study)

IV Analyzed BPTB graft excursion in
three different femoral tunnels
positions, at different degree of knee
flexion, before and after 2 mm
notchplasty and they compared the
results with native ACL excursion

After notchplasty, with knee
flexion ranging from 20 to
90 degrees a greater mean graft
excursion in all three tunnels
positions was observed

Seo et al9 2014 Animal
(comparative
study)

IV 20 specimens equally divided into
two groups. One group received
notchplasty. Specimens were
undergone to cyclic loading test,
and femoral tunnels changes were
evaluated with CT scan

Notchplasty lead to a widening of
the femoral tunnel following cyclic
loading test that stimulates an
aggressive rehabilitation

Dugas et al5 2014 Laboratory
(controlled
study)

IV CT scans compared femoral tunnel
placement with the native ACL
footprint before and after
notchplasty

No differences found in coverage
area of the native ACL between
transtibial and anteromedial
femoral tunnel placement after
notchplasty

Dahlstedt
et al22

1990 Radiological
(case series)

IV CT evaluation was performed in
patients undergoing ACLR with a
bovine tendon prosthesis
(Xenograft®) or a
polytetrafluoroethylene (Goretex®)
ligament prosthesis andnotchplasty,
at a mean follow-up of 4 y

Bony regrowth is possible in
unstable knees. However, in stable
knees the notch stays open

Mann et al28 1999 Radiological
(case series)

IV CT evaluation was performed
preoperatively, postoperatively
and at last follow-up (at least 1
year) in patients who undergoing

No significant regrowth of the
intercondylar notch dimensions
between 1 wk and 1 y
postoperatively

(Continued)
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single-bundle ACLR with a 5-mm notchplasty. Their results
showed how notchplasty can adversely affect the knee after
ACLR andmay lead to instability of theknee joint. In fact, they
observed a greater anterior laxity after notchplasty, at
different degrees of knee flexion, with no difference in
external tibial rotation.

Markolf et al8 performed bench loading tests on 26 fresh-
frozen knee specimens to measure excursion of a bone-
patellar tendon-bone (BPTB) graft, anterior-posterior laxity
of the knee, and graft forces before and after performing a 2-
mm and a 4-mm notchplasty. The authors suggested remov-
ing bone as less as possible while performing notchplasty to
avoid excessive pretension of the graft, which can result in
high graft forces and to restore normal anterior-posterior
laxity. Similarly, Hame et al7 investigated the effects of
notchplasty on graft excursion patterns in 15 fresh-frozen
knees. They analyzed BPTB graft excursion in three different
femoral tunnels positions (10-, 11-, and 12-o’clock or 2-, 1-,
and 12-o’clock), at various degree of knee flexion, before and
after 2-mm notchplasty and they compared the results with
native ACL excursion. No difference was observed in graft
excursion between native ACL and the graft in three different
femoral tunnels positions before notchplasty. After notch-
plasty, with knee flexion ranging from 20 to 90 degrees, a
greater mean graft excursion in all three tunnels positions

was observed. All grafts, after notchplasty, were tightened in
flexion disregarding to tunnel positions. The authors sug-
gested that graft forces would increase with knee flexion,
suggesting removing a small portion of bone from the
posterior aspect of the notch during ACLR.

Seo et al9 investigated the effect of notchplasty on tunnel
widening in ACLR. They performed a laboratory study using
20 porcine specimens. Group A did not receive notchplasty,
while a 2-mm notchplasty was conducted in group B. Sam-
ples were mounted on a testing machine, preloaded and
subjected to 20 loading cycles followed by 1,000 loading
cycles in the elastic region. High-resolution computed tomo-
graphy (CT) was conducted with all samples before and after
testing, and a three-dimensional model was constructed to
evaluate the degree of change in the tunnel. The authors
found that in the notchplasty group the mean longest
diameter and dimension of the femoral tunnel significantly
increased and the volumetric loss of bony structure was
significantly greater than that in group A, concluding that
intra-articular orifice of the femoral tunnel was enlarged
after the uniaxial cyclic loading test after notchplasty. An
enlarged tunnel may lead to a discrepancy between the
tunnel and the graft at the tunnel opening, and this may
affect graft positioning, leading to subtle changes in graft
biomechanics and subsequent laxity.

Table 1 (Continued)

Author Year Study design Level of
evidence

Methods Findings

ACLR with BPTB and at least 5 mm
notchplasty

May et al30 1997 Clinical (case
series)

IV Patients were evaluated with MRI
6 months after ACLR with at least
3 mm notchplasty

Within 6 mo of surgery a layer of
cortical bone regrowth in the
notchplasty area

Ahn et al19 2007 Clinical
(second-look
arthroscopy)

IV Second-look arthroscopy was
performed in 208 patients who had
ACLR

Notch reformation in 40% of the
cases

Muneta
et al29

1995 Clinical
(retrospective
study)

IV 32 knees (nonroofplasty group)
and 11 knees (roofplasty group)
underwent ACLR with a modified
over the top technique. Lysholm’s
score, manual knee tests, ROM
evaluation were performed

No differences in all evaluations
between the nonroofplasty and
roofplasty groups

Camillieri
et al21

2001 Clinical
(prospective
case series)

II After ACLR 12 patients notchplasty
using a motorized shaver and 12
patients using radiofrequency

Notchplasty performed with
radiofrequency device reduce
blood loss after ACLR

Pape et al31 2000 Clinical
(prospective
study)

II 21 patients received notchplasty,
and 37 did not

Notchplasty increases of 30% blood
loss without clinical differences

Koga et al4 2014 Clinical (cohort
study)

III 64 patients with notchplasty and
73 without in DB–ACLR technique
were evaluated

Notchplasty following DB–ACLR
did not has detrimental effects on
patellofemoral joint, but causes
overconstrained knee. DB–ACLR
without notchplasty did not create
loss of extension

Abbreviations: ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; CT, computed tomography; DB, double-bundle;
ROM, range of motion.
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Recently, the effects of notchplasty on femoral tunnel
placement with both transtibial or anteromedial techniques
have been investigated in cadaveric knees using CT.5 No
differences were found in the coverage area of the native
ACL between transtibial and anteromedial femoral tunnel
placement after notchplasty, showing that transtibial dril-
ling of femoral tunnel is a reliable technique to place the
tunnel in anatomic position.

Radiological Studies
In 1990, Dahlstedt et al22 showed that CT scan is a reliable
tool to study the notch width. The authors performed a CT
examination on 21 patients undergoing ACLR with notch-
plasty, at a mean follow-up of 4 years. The authors showed
that despite some bony regrowth is possible in unstable
knees, the notch stays open in stable knees, thus emphasiz-
ing the importance of performing notchplasty during ACLR.
Mann et al28 reported clinical and radiological (CT) outcomes
after ACLR in 10 patients undergoing ACLR with BPTB. In all
cases, they performed notchplasty using a curve osteotome
and removed at least 5 mm from the lateral femoral condyle.
All patients underwent CT evaluation preoperatively, post-
operatively and at last follow-up (at least 1 year). At last
follow-up, the notch was found not decreased in dimension.
Conversely, the regrowth of the notchplasty area was
demonstrated by May et al.30 The authors evaluated 33
patients with magnetic resonance imaging (MRI) six months
after ACLR. All reconstructions were performed using BPTB
autografts, and all notchplasties involved removal of at least
3 mm of bone from the roof and lateral wall of the inter-
condylar notch using an osteotome and a high-speed burr.
MRI scans were obtained 1 week after surgery in 25 patients
and at 6 months in all patients. In six patients a second-look
arthroscopy was performed to search for clinical signs of
graft impingement. At 6 months, a regrowth of tissue, which
was not present in the postsurgery MRI scans, was observed
in the notchplasty area.

Clinical Studies
Ahn et al19 observed a notch regrowth after a second-look
arthroscopy in 40% (86/209) of the knees examined, after a
mean of 21.2 months (range, 14–70 months) from ACLR and
notchplasty. In 15 cases the reformed notch was more than
3 mm, and in 55 cases the graft impingedwith the notch. The
graft showed a partial tear in 21 patients (10%). No correla-
tion was observed between the type of graft (hamstrings or
BPTB) and the reformation rate of the notch.

Muneta et al29 evaluated the effects of roofplasty after
ACLR with the over the top technique; they found no differ-
ence between reconstruction with or without roofplasty in
terms of clinical and functional evaluation.

Two studies evaluated the effects of notchplasty on post-
operativeblood loss afterACLR.21,31Camillieri et al21evaluated
24 patients undergoing ACLRwith BPTB. Patients were rando-
mized into two groups: 12 patients underwent notchplasty
using a motorized shaver, and 12 patients underwent notch-
plasty using a radiofrequency instrument. Postoperative
bleeding was significantly higher in patients who received

notchplasty using a motorized shaver. No difference in the
range of motion was observed 1 month postoperatively. The
authors did not report clinical and functional results over this
period. Furthermore, Pape et al31 compared blood loss after
ACLR with and without notchplasty. They divided 58 conse-
cutive patients undergoing ACLR with BPTB into two groups:
21 receivednotchplasty, and 37didnot. Thenotchplastygroup
showed significant postoperative blood loss, in terms of drai-
nage volume and differential serum hemoglobin and hema-
tocrit levels compared with the other group. However, no
differences were found at 12 months postoperatively in Inter-
national Knee Documentation Committee (IKDC) score,
Lysholm’s score, and KT-1000 assessment.

Recently, only one study from Koga et al4 investigated the
effects of notchplasty in double-bundle ACLR. Authors con-
ducted a cohort study, hypothesizing that 2-mm notchplasty
following double-bundle ACLR would reduce the risk of loss
of extension and improve graft healing and knee stability
compared with ACLR without notchplasty. The authors
divided 137 patients into two groups: the first one (64
patients) with notchplasty and the second one (control
group, 73 patients) without notchplasty. Interestingly, the
notchplasty group showed a significant extension loss com-
paredwith control group, and six patients needed to undergo
an additional surgery to solve this problem. Moreover, the
notchplasty group showed better stability measured with
KT-1000, but six patients among this group had an over-
constrained knee compared with one in the control group,
probably due to bleeding from the notchplasty area leading
to fibrosis of the infrapatellar fat pad. Although notchplasty
is performed to avoid impingement and loss of extension, the
results of this study showed a restricting role of notchplasty
in double-bundle ACLR.

Discussion

Notchplasty is an ancillary surgical procedure that consists of
reshaping and widening of the intercondylar femoral notch,
historically developed and performed with the aim to avoid
ACL graft impingement and improve visualization of the
lateral wall of the femoral notch during ACLR surgery.25,27

Although notchplasty is still widely performed, mainly when
a transtibial technique is used,2 little is known about its
effect on the outcomes of ACLR and if it is really useful,
needless, or even harmful. Long-term consequences of this
procedure are still unknown;21,31 moreover, there is no
evidence that it can be useful in avoiding impinge-
ment.20,26,31 Conversely, several studies reported regrowth
of the notch,19,27,30 detrimental effects on the near cartilage
when notchplasty is too aggressive,20,27 negative biomecha-
nical effects on the graft, and unexpected extension deficit
after ACLR, that is the opposite effect that notchplasty
advocates would obtain. This could be explained by the
postoperative bleeding induced by notchplasty that may
lead to arthrofibrosis or by the shifting of the femoral
insertion site, from the true, correct site to one less anato-
mical with consequent biomechanical deleterious
effects.4,7,8,21,26,31 Furthermore, widening of the femoral
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tunnel after notchplasty has been reported and it may affect
graft positioning, leading to subtle changes in graft biome-
chanics and knee laxity.9 To better preserve and restore the
anatomy, it would be beneficial to place the tunnels and the
graft in the correct position and to choose the right size of the
graft rather than performing notchplasty.

Some useful suggestions have been provided to avoid
notchplasty while performing ACLR, such as: respecting
the graft free zone in the tibial footprint;32 placing the tibial
bone tunnel for the anteromedial bundle as medially as
possible within its footprint to avoid wall impingement in
double-bundle technique;33 avoiding double-bundle techni-
que in cases of narrow notch (<12 mm);34 if a good view of
the footprint is difficult to achieve, consider using an addi-
tional portal (three-portals technique);35 in transtibial tech-
nique, if impingement is unavoidable or if it is present after
graft fixation, remove bone as less as possible from the
intercondylar notch;7,8,36 avoid performing notchplasty in
anatomical techniques;4,32,35 choose the right size of the
graft to avoid notch/graft mismatch and to decrease the
incidence of cyclops lesions.24

Notchplasty is certainly beneficial in the management of
arthrofibrosis, in cases of postoperative roof impingement
with the aim to preserve the graft and in cases of clear bony
spurs of the notch both in primary (usually chronic rupture)
and revision surgery (osteoarthritis).15–18,37

This study has several limitations. First, the level of
evidence of available literature is poor, with very few clinical
studies. The second is the heterogeneity of such articles.
Finally, the paucity of quantitative data made almost impos-
sible to compare and objectively measure outcomes, thus
limiting valid conclusions.

Despite the limitations mentioned earlier, we can affirm
that notchplastymay alter knee biomechanics, overconstrain
the knee, and overload the graft with the consequent higher
riskof graft failure or postoperative knee stiffness. Moreover,
postoperative bleeding due to notchplasty may determine
loss of extension or arthrofibrosis. In conclusion, we suggest
carefully considering risks related to notchplasty during
primary ACLR, reserving it for the surgical management of
arthrofibrosis, the presence of notch osteophytosis, and
revision surgery.
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