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Background: During notchplasty in anterior cruciate ligament (ACL) reconstruction, bone is excised from the lateral and roof area
of the notch to widen the intercondylar space and avoid notch-graft impingement in extension. There are concerns that bone
regrowth of the area will cause narrowing and increase the risk of complications.

Purpose: To determine the possibility of late narrowing of the notch after notchplasty using computed tomography (CT) analysis.
Study Design: Case series; Level of evidence, 4.

Methods: Measurements were performed on CT scans (axial and sagittal planes with knee in extension) in patients who had
undergone single-bundle anatomic ACL reconstruction using hamstring graft. Two axial image levels were used: at the anterior
outlet and the anterior one-eighth level of the notch. The maximum notch height and width, the notch width at one-third and two-
thirds of the preoperative notch midwidth height, the maximum condylar width, and the surface area of the lateral half of the notch
were measured preoperatively and at 1 week and 2 years postoperatively.

Results: Included were 20 consecutive patients (mean * standard deviation age, 28 + 7.3 years; follow-up, 24.2 + 3.3 months). At
the anterior notch outlet, the maximum notch width increased by 1.9 £ 1.7 mm at 1 week postoperatively and narrowed by 0.3 +
1.1 mm at the final follow-up, while the maximum notch height increased by 1.7 £ 1.9 mm and narrowed by 0.8 £ 1.8 mm,
respectively. At one-eighth of the roof length, the maximum notch width increased by 1.1 £ 1.7 mm at 1 week postoperatively and
narrowed by 0.1 + 1.1 mm at the final follow-up, and the maximum notch height increased by 1.2 + 1.5 mm and narrowed by 0.5 +
1.5 mm, respectively. All differences were statistically significant when comparing the pre- to the immediate postoperative measure-
ments, and they were nonsignificant when comparing the immediate postoperative to the final follow-up measurements. The same
applied for the ratio of maximum notch width to maximum condylar width, indicating no postoperative narrowing of the notch.

Conclusion: Notch size-shape after a 2-mm notchplasty did not change significantly in stable knees during the first 2 years after
anatomic ACL reconstruction. Surgeons should consider performing this adjuvant technique when there is notch-graft impinge-
ment during surgery.
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Notchplasty is an adjuvant surgical procedure to anterior
cruciate ligament (ACL) reconstruction consisting of wid-
ening and reshaping the intercondylar notch to avoid
notch-graft impingement in extension.?%2% It consists of
bone/cartilage excision from the lateral and roof area of the
intercondylar notch, aiming to widen the intercondylar
space. It has been utilized as an adjuvant procedure mostly
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in the transtibial/isometric ACL reconstruction techniques,
but many surgeons still perform notchplasty in the trans-
portal/anatomic techniques.'?1%18:25:28 Other advantages
of notchplasty include better visualization within the notch
as well as an increase of the cross-sectional area of the
regenerated ACL, providing more space for graft healing
and enhancing the healing process.'*15!® However, there
are concerns related to postoperative blood loss in the early
phase, to knee biomechanics distortion, and even more to
bone regrowth and narrowing of the notch after notch-
plasty, although these aspects are still debated.'®?®
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Postoperative narrowing after notchplasty could place a
previously safe graft at risk for impingement and failure
because of the close anatomic relationship of the ACL and
the lateral wall of the notch. Little is known about the long-
term consequences of this procedure. Furthermore, con-
flicting reports about regrowth of bone leave surgeons with
doubts about decision making.?® The aim of the current
study was to evaluate the regrowth of bone in the intercon-
dylar notch 2 years after primary anatomic ACL recon-
struction combined with a 2-mm notchplasty using
computed tomography (CT).

METHODS

This was a prospective observational study, approved by
the institution’s research board. All patients provided
informed consent for participation in the study.

Patients

Consecutive patients undergoing ACL reconstruction
between January and June 2017 were evaluated in this
study. Included patients were aged >18 years, with com-
plete ACL tear confirmed with magnetic resonance imaging
(MRI), receiving a single-bundle anatomic reconstruction
with autologous quadruple hamstring graft with a diame-
ter >8 mm. Exclusion criteria were knee osteoarthritic
changes, history of ipsilateral or contralateral fractures or
major injuries in weightbearing bones of the lower limbs,
and concomitant additional ligament tears.

Surgical Technique

A standard arthroscopic examination was performed to
confirm the ACL tear. Then, graft harvesting was per-
formed via an oblique 3-cm incision at the upper border
of the pes anserinus. The gracilis and semitendinosus
tendons were harvested using a tendon stripper and
then looped over a strong suture, creating 4 strands that
were sutured together using a whipstitch, and preten-
sioning was applied for 10 minutes. If the quadruple
graft diameter was <8 mm, the patient was excluded
from the study. ACL femoral and tibial remnants were
debrided, and the posterior edge of the lateral intercon-
dylar wall and tibial footprint were detected. A 2-mm
notchplasty of the roof and the lateral femoral wall was
performed using either a small osteotome or a motorized
bur and a radiofrequency diathermy. The approximate
thickness of bone excision was determined by fitting a
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Figure 1. Layout showing the bone excision (gray area) from
the roof and lateral area of the notch, aiming at a round,
reshaped notch.

2-mm-edge probe, and using the bur, a round, reshaped
notch was achieved (Figures 1 and 2).

The tunnels of the femur and the tibia were drilled and
prepared using a dilator, according to the anatomic single-
bundle technique, matched with the graft diameter. The
graft was fixed using a button system on the femoral side
and an interference bioabsorbable screw (Arthrex Inc) on
the tibial side. The risk of notch-graft impingement was
finally checked arthroscopically by moving the knee peri-
odically from flexion to extension.

Postoperatively, no brace was used. Gradually increas-
ing partial weightbearing and free range of motion was
allowed during the first 4 weeks before full weightbearing
without crutches was allowed. Closed-chain exercises were
emphasized for the first 6 weeks, rowing and biking exer-
cises were permitted after 6 weeks, and running was per-
mitted after 3 months. Contact sports were allowed after
the first 6 months.

Methods of Assessment

The dimensions, size, and shape of the intercondylar notch
of all patients were measured using CT scan analysis. All
knees were evaluated preoperatively, at 1 week postopera-
tively, and at the 2-year follow-up using a Siemens SOMA-
TOM Definition AS CT scanner at 200 kVp, 110 mAs, and a
14-cm field of view. The patients lay supine, and the knees
were examined using 0.6-mm spiral cuts. Thereafter, the
measurements were performed using Syngo CT 2010B soft-
ware (Siemens AG). All dimensions were measured at 2
different image levels in the axial plane: at the anterior
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Figure 2. Arthroscopic views of notchplasty from the anterolateral portal. (A) The approximate thickness of 2-mm bone excision
was determined by fitting a 3-mm-edge probe and (B) marked using a 4.5-mm tip radiofrequency diathermy in an oblique way. (C) A
final view of the 2-mm notchplasty before proceeding with the next steps of the anterior cruciate ligament reconstruction.
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Posterior

Figure 3. Sagittal layout showing the 2 axial levels at the
anterior outlet (A) and anterior one-eighth of the notch (B),
determined using the length of the Blumensaat line (AC).

axial outlet as well as the level of the anterior one-eighth of
the entire notch roof (Blumensaat line) (Figure 3). Those
anterior axial levels were selected, as this is the area most
likely to cause notch-graft impingement, as previously
described.*®

The following measurements in both axial levels were
taken:

1. Maximum notch height and maximum notch width
(Figure 4A)

2. Notch width at one-third and two-thirds of the pre-
operative notch midwidth height (Figure 4B)

3. Maximum condylar width, defined as the maximum
width of both condyles and notch width (Figure 4C)

4. Surface area of the lateral half of the notch

More specifically, the midwidth notch height as mea-
sured on the preoperative CT scan was used as a reference
to standardize the notch measurements, using a consistent

distance from the medial wall, which was not affected by
the notchplasty postoperatively. A ratio was calculated of
the maximum notch to condylar width, as used in previous
studies.® The radiologist assessing the CT scans (I.T.) was
blinded to the patients’ baseline characteristics.

Statistical Analysis

The preliminary sample size calculation for paired samples
suggested that, with a 5% probability of a type 1 error and a
power of 80%, a sample size of 20 patients was necessary to
detect a difference of an average of 2 mm in the intercondy-
lar notch measurements, which would indicate regrowth of
bone after an average 2-mm notchplasty. The calculation
was performed using PS: Power and Sample Size Calcula-
tion software Version 3 (Vanderbilt University).®

All comparisons were performed using the paired-
samples ¢ test with the Bonferroni correction for multiple
group comparisons. The potential correlation between the
time period from injury to surgery and the amount of bone
regrowth was evaluated using the Pearson correlation coef-
ficient. Statistical Package for Social Sciences (SPSS) soft-
ware Version 24 (IBM Corp) was used.

RESULTS

A total of 20 patients (18 men and 2 women; 11 right and 9
left knees) were included in the study. The mean + standard
deviation age of the patients was 28 + 7.3 years, and the
mean follow-up was 24.2 + 3.3 months. The mean time from
injury to surgery was 8.6 + 2 weeks. All ACL reconstruc-
tions were uneventful, with no intraoperative concern of
notch-graft impingement, and all patients were available
for final follow-up without any clinical failures of the grafts.
The mean quadruple graft diameter was 8.7 £ 0.5 mm.

At the anterior notch outlet, the maximum notch width
increased by 1.9 = 1.7 mm after surgery and narrowed by
0.3 £ 1.1 mm at final follow-up, while the maximum notch
height increased by 1.7 £ 1.9 mm and narrowed by 0.8 £
1.8 mm, respectively (Figures 5 and 6). All differences were
statistically significant when comparing the pre- with the
immediate postoperative measurements and nonsignifi-
cant when comparing the immediately postoperative with
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Figure 4. Layouts showing the (A) maximum notch width and height, (B) notch width at one-third and two-thirds of the preoperative
notch midwidth height, and (C) area of the lateral half of the notch (gray area, B) and the maximum condylar width (C). L, lateral; M,

medial.

Figure 5. (A) Preoperative, (B) immediate postoperative, and (C) follow-up computed tomography images showing the increase of the
notch maximum width after notchplasty and no bone regrowth with preservation of the width at the final follow-up. L, lateral; M, medial.

Figure 6. (A) Preoperative, (B) immediate postoperative, and (C) follow-up computed tomography images showing the excision of
the lateral notch wall osteophyte after notchplasty and no bone regrowth with preservation of the width at the final follow-up. L,

lateral; M, medial.

the final follow-up measurements. The same was applied
for the maximum notch width to maximum condylar width
ratio, which indicated no narrowing of the notch after the
operation. The measurements at the anterior outlet of the
notch are presented in Table 1.

At one-eighth of the roof length, the maximum notch
width increased by 1.1 + 1.7 mm after surgery and

narrowed by 0.1 + 1.1 mm at the final follow-up, while the
maximum notch height increased by 1.2 £ 1.5 mm and nar-
rowed by 0.5 = 1.5 mm, respectively. Similarly, all differ-
ences, including the maximum notch width to maximum
condylar width ratio, were statistically significant after
the notchplasty and nonsignificant when compared with
the final follow-up, indicating no narrowing of the notch.
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TABLE 1
Measurements at the Anterior Outlet of the Notch®
Measurement Preoperative Postoperative Follow-up
Maximum notch width, mm 19.3+3.3 21.2+2.6 20.1+2.9
Difference from preoperative 19+1.7 -03+1.1
P value <.01 3
Maximum notch height, mm 20.5£35 22.3£25 21.5£2.7
Difference from preoperative 1.7+1.9 -0.8+1.8
P value <.01 .07
Notch width at one-third of the notch height, mm 16.1+2.5 179+24 17.9+29
Difference from preoperative 1.8t16 0.1+1.7
P value <.01 9
Notch width at two-thirds of the notch height, mm 19+3.3 20.8 £2.5 20.3 £2.9
Difference from preoperative 1.8+1.7 -0.46 + 1.3
P value <.01 .13
Lateral half area, mm? 167.9 £ 43.9 206.8 +41.5 199.2 +43.1
Difference from preoperative 38.9£19.9 -7.7+13.6
P value <.01 .02
Ratio of notch width to condylar width 0.24 £ 0.04 0.27 £ 0.03 0.26 + 0.03
P value <.01 .07

“All values are expressed as mean + SD. All comparisons were performed using the paired-samples ¢ test with Bonferroni correction (level
of significance, P < .016). Bolded P values indicate statistically significant differences.

TABLE 2
Measurements at One-Eighth of the Notch Depth From Anterior Outlet to Posterior Notch®
Measurement Preoperative Postoperative Follow-up
Maximum notch width, mm 20.7 £ 3.3 21.8+3 21.8+2.9
Difference from preoperative 1.1+1.7 -0.1+1.1
P value <.01 .84
Maximum notch height, mm 22+ 2.8 23.1+£2.3 22.6 £2.4
Difference from preoperative 12+1.5 -05+1.5
P value <.01 17
Notch width at one-third of the notch height, mm 16.5+1.7 174+ 2 17.8+2.1
Difference from preoperative 09+1.1 04+1.1
P value <.01 .09
Notch width at two-thirds of the notch height, mm 20.2 +£3.3 21.3+2.8 21.2+2.8
Difference from preoperative 1.1+1.3 -0.1+£0.9
P value <.01 .6
Lateral half area, mm? 178.8 +37.9 210.7 + 39 206.4 + 37.9
Difference from preoperative 32+ 19 -4.4+86
P value <.01 .04
Ratio of notch width to condylar width 0.26 = 0.04 0.28 £ 0.04 0.27 £ 0.04
P value <.01 2

“All values are expressed as mean + SD. All comparisons were performed using the paired-samples ¢ test with Bonferroni correction (level
of significance, P < .016). Bolded P values indicate statistically significant differences.

The measurements at one-eighth of the roof length are pre-
sented in Table 2.

Of note, the amount of bone regrowth was not signifi-
cantly correlated with the time period from injury to sur-
gery (P = .2, Pearson correlation).

DISCUSSION

Notchplasty is an adjuvant surgical procedure to ACL
reconstruction consisting of widening and reshaping the
intercondylar notch to avoid the notch-graft impingement

in extension; however, the long-term consequences are still
unknown.2%25 The current study showed that bone
regrowth in CT imaging 2 years after notchplasty, mea-
sured at both the anterior outlet and the anterior one-
eighth of the notch roof length, was not significant. The
width and height measurements, as well as the lateral area
of the notch, increased significantly when comparing the
pre- with the immediate postoperative measurements and
did not display significant narrowing when comparing the
immediate postoperative measurements with the final
2-year follow-up.
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Interpretation in the Context of the Literature

Several radiographic methods have been used to evaluate
the intercondylar notch dimensions. The choice of CT imag-
ing in the current study was based on the research of
Dahlstedt et al,> who showed high accuracy comparing
CT and actual intercondylar notch measurements, as well
as Anderson et al,2 who reported low error rates when com-
paring CT with plain radiography.

The reports about bone regrowth after notchplasty are
conflicting. The results of the current study agree with
those of Mann et al,'® who reported no regrowth of the
intercondylar notch dimensions on CT scans between 1
week and 1 year postoperatively in 10 patients undergoing
ACL reconstruction with notchplasty. However, their study
was limited by the small number of patients and a short
follow-up period. Dahlstedt et al® also observed no bone
regrowth 4 years postoperatively on the CT scans of 12
stable knees; however, bone regrowth was noted in failed
reconstructions.

May et al?? evaluated patients after 6 months using MRI
and reported a thin layer of cortical bone regrowth. Fur-
thermore, Bents et al® observed signs of graft impingement
on MRI scans 6 months after ACL reconstruction with
notchplasty in 8 of the 36 patients studied, and they
hypothesized that this was caused by immature bone
growth. Ahn et al® evaluated 208 patients arthroscopically
after a mean of 21.2 months and reported some degree of
notch reformation in 40% of patients, although the clinical
results were good and it may be justified by soft tissue
coverage. Regarding animal studies, Fitch et al® reported
bone refilling of the notch after 6 months, and LaPrade
et al'® observed osteophyte formation in dogs. However,
they performed a more aggressive notchplasty ranging
from 4 to 8 mm. Aggressive intercondylar notchplasty may
cause notch regrowth, as well as articular cartilage histo-
pathologic changes, consistent with early degenerative
arthrosis.®1®1® Therefore, minimal 2-mm notchplasty
should be performed only if deemed necessary after having
tested the graft clearance intraoperatively.

Several studies in the literature have raised concerns
about biomechanical alteration in knee kinematics after
notchplasty.'®2° A large lateral notchplasty may displace
the femoral insertion to an abnormally lateral position,
which may lead to abnormal knee kinematics and increased
graft forces during knee flexion.®!! Markolf et al*! reported
that graft forces increased proportionally after 2- and 4-mm
notchplasties, respectively, in a biomechanical model.
Recently, Mao et al?® studied small (3-mm) or large
(6-mm) notchplasties and concluded that anterior tibial
translation increases and graft forces decrease during low
knee flexion angles. However, when assessing a 2-mm
notchplasty in anatomic double-bundle ACL reconstruc-
tion, anterior stability was improved, and there were no
harmful effects on patellofemoral joint findings.'® There-
fore, to prevent these potential problems, including the pos-
sibility of graft tightening, a limited notchplasty up to 2 mm
would still prevent impingement but would not change the
origin site of the ACL. In the current study, after a very
small notchplasty, the total bone and cartilage loss after
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excision and a minimal regeneration did not exceed
1.6 mm of the lateral wall and 0.9 mm of the notch roof
2 years postoperatively.

Interpretation of the Results and Clinical
Implications

Notchplasty as an adjuvant procedure should not be per-
formed routinely. It should be considered only when the
position of the femoral and tibial tunnels, the degree of
notch stenosis, and the thickness of the graft may indicate
notch-graft impingement. Moreover, notchplasty is most
useful in the treatment of arthrofibrosis and in the pres-
ence of bone spurs in the context of osteoarthritis in both
primary and revision surgery.”172%2526 [t has been mostly
utilized in the transtibial/isometric ACL reconstruction
techniques, but many surgeons still perform notchplasty
in the transportal/anatomic techniques.!%15:18:25.28

Surgeons may avoid notchplasty by following principles
such as avoiding the double-bundle technique in cases of a
narrow notch (<12 mm),?® choosing the right graft size to
avoid notch-graft mismatch and decrease the incidence of
cyclops lesions,'® and placing the tibial tunnel as medially
as possible for the anteromedial bundle in the double-
bundle technique®” while respecting the graft-free zone on
the tibial footprint.2® Moreover, if adequate visualization
within the notch cannot be achieved, an additional portal
can replace notchplasty for better viewing.?*

This study showed that if graft impingement still occurs
after all principles were followed, notchplasty with bone
excision of an average of 2 mm from the roof and lateral
wall of the notch is a safe procedure. Bone regrowth in the
notch was minimal (between 0.1 and 0.8 mm) at 2 years
postoperatively, and this is in agreement with the results
of May et al?? about a thin layer of cortical bone regrowth.
The thin layer of cortical bone probably covers the space
that does not come in contact with the graft during the knee
motion, and it is highly unlikely to impinge and result in
graft failure.

The use of a radiofrequency diathermy after the notch-
plasty reduces blood loss and decreases the incidence of
arthrofibrosis and loss of extension.?® It may also inhibit
osteoblast proliferation and bone refilling in the area.
Camillieri et al* evaluated the results of notchplasty using
a radiofrequency instrument or a motorized shaver in a
randomized trial, concluding that postoperative bleeding
was significantly higher in patients who received notch-
plasty using a motorized shaver, although no difference in
the range of motion was observed 1 month postoperatively.

Limitations

The present study has several limitations. It represents a
patient cohort with a large male to female ratio, and no
control group was recruited. Additionally, clinical outcomes
were not reported, as this information does not concern the
research question of the current study. Although the out-
come assessors were blinded to the patients’ characteris-
tics, blinding to the sequence of postoperative CT scans
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was not possible. Moreover, the results of the current study
cannot be adopted in the case of a more aggressive notch-
plasty because it may cause notch regrowth and biome-
chanical alterations, as mentioned. Furthermore,
although the tibial tunnel was placed at the same location,
unavoidable small variations may have affected the
regrowth of bone. Late narrowing of the notch may also
occur as a result of soft tissue coverage; however, this is
unlikely to cause graft failure and was not assessed in the
current study. Finally, although not very likely, bone
regrowth may occur beyond the 2-year follow-up period of
this study.

CONCLUSION

Notch size-shape, after notchplasty of an average of 2 mm,
did not change significantly in stable knees during the first
2 years after anatomic ACL reconstruction. Surgeons
should consider performing this adjuvant technique when
there is notch-graft impingement intraoperatively.

REFERENCES

1. Ahn JH, Yoo JC, Yang HS, Kim JH, Wang JH. Second-look arthro-
scopic findings of 208 patients after ACL reconstruction. Knee Surg
Sports Traumatol Arthrosc. 2007;15(3):242-248. doi:10.1007/s00167-
006-0177-8

2. Anderson AF, Lipscomb AB, Liudahl KJ, Addlestone RB. Analysis of
the intercondylar notch by computed tomography. Am J Sports Med.
1987;15(6):547-552. doi:10.1177/036354658701500605

3. Bents RT, Jones RC, May DA, Snearly WS. Intercondylar notch
encroachment following anterior cruciate ligament reconstruction: a
prospective study. Am J Knee Surg. 1998;11(2):81-88.

4. Camillieri G, Margheritini F, Maresca G, Mariani PP. Postoperative
bleeding following notchplasty in anterior cruciate ligament recon-
struction: thermal radio frequency versus powered instrumentation.
Knee Surg Sports Traumatol Arthrosc. 2001;9(1):12-14. doi:10.1007/
s001670000176

5. Dahlstedt L, Dalén N, Dahlborn M, Nilsson T. Value of intercondylar
notch plasty: CT studies and peroperative measurements of 127 knees.
Acta Orthop. 1990;61(6):558-561. doi:10.3109/17453679008993583

6. Dupont WD, Plummer WDJ. Power and sample size calculations: a
review and computer program. Control Clin Trials. 1990;11(2):
116-128.

7. Ferrari MB, Mannava S, DePhillipo N, Sanchez G, LaPrade RF. Notch-
plasty for the arthroscopic treatment of limited knee extension.
Arthrosc Tech. 2017;6(3):e517-e524. doi:10.1016/j.eats.2016.11.008

8. Fitch RB, Montgomery RD, Kincaid SA, et al. The effect of intercon-
dylar notchplasty on the normal canine stifle. Vet Surg. 1995;24(2):
156-164. doi:10.1111/j.1532-950x.1995.tb01310.x

9. FuFH, Bennett CH, Ma BC, Menetrey J, Lattermann C. Current trends
in anterior cruciate ligament reconstruction, part Il: operative proce-
dures and clinical correlations. Am J Sports Med. 2000;28(1):124-130.
doi:10.1177/03635465000280010801

10. Fujii M, Furumatsu T, Miyazawa S, et al. Intercondylar notch size
influences cyclops formation after anterior cruciate ligament recon-
struction. Knee Surg Sports Traumatol Arthrosc. 2015;23(4):
1092-1099. doi:10.1007/s00167-014-2891-y

11. Hame SL, Markolf KL, Hunter DM, Oakes DA, Zoric B. Effects of
notchplasty and femoral tunnel position on excursion patterns of an

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Notchplasty in ACL Reconstruction 7

anterior cruciate ligament graft. Arthroscopy. 2003;19(4):340-345.
doi:10.1053/jars.2003.50040

Howell SM. Arthroscopic roofplasty: a method for correcting an
extension deficit caused by roof impingement of an anterior cruciate
ligament graft. Arthroscopy. 1992;8(3):375-379. doi:10.1016/0749-
8063(92)90073-k

Keklikci K, Yapici C, Kim D, Linde-Rosen M, Smolinski P, Fu FH. The
effect of notchplasty in anterior cruciate ligament reconstruction: a
biomechanical study in the porcine knee. Knee Surg Sports Traumatol
Arthrosc. 2013;21(8):1915-1921. doi:10.1007/s00167-012-2343-5
Kiapour AM, Ecklund K, Murray MM, et al. Changes in cross-sectional
area and signal intensity of healing anterior cruciate ligaments and
grafts in the first 2 years after surgery. Am J Sports Med. 2019;47(8):
1831-1843. doi:10.1177/0363546519850572

Koga H, Muneta T, Yagishita K, et al. Effect of notchplasty in anatomic
double-bundle anterior cruciate ligament reconstruction. Am J Sports
Med. 2014;42(8):1813-1821. doi:10.1177/0363546514535071
LaPrade RF, Terry GC, Montgomery RD, Curd D, Simmons DJ. The
effects of aggressive notchplasty on the normal knee in dogs. Am J
Sports Med. 1998;26(2):193-200. doi:10.1177/03635465980260020801
Ledn HO, Blanco CER, Guthrie TB, Martinez OJN. Intercondylar notch
stenosis in degenerative arthritis of the knee. Arthroscopy. 2005;21(3):
294-302. doi:10.1016/j.arthro.2004.11.019

Lukianov AV, Richmond JC, Barrett GR, Gillquist J. A multicenter
study on the results of anterior cruciate ligament reconstruction using
a Dacron ligament prosthesis in “salvage” cases. Am J Sports Med.
1989;17(3):380-386. doi:10.1177/036354658901700312

Mann TA, Black KP, Zanotti DJ, Barr M, Teater T. The natural history
of the intercondylar notch after notchplasty. Am J Sports Med. 1999;
27(2):181-188. doi:10.1177/03635465990270021201

Mao Y, Marshall B, Price T, et al. Notchplasty alters knee biomechan-
ics after anatomic ACL reconstruction. Knee Surg Sports Traumatol
Arthrosc. 2020;28(2):614-621. doi:10.1007/s00167-019-05766-y
Markolf KL, Hame SL, Monte Hunter D, Oakes D, Gause P. Biome-
chanical effects of femoral notchplasty in anterior cruciate ligament
reconstruction. Am J Sports Med. 2002;30(1):83-89. doi:10.1177/
03635465020300012701

May DA, Snearly WN, Bents R, Jones R. MR imaging findings in
anterior cruciate ligament reconstruction: evaluation of notchplasty.
AJR Am J Roentgenol. 1997;169(1):217-222. doi:10.2214/ajr.169.1.
9207528

Quasnichka HL, Anderson-MacKenzie JM, Tarlton JF, Sims TJ, Bill-
ingham MEJ, Bailey AJ. Cruciate ligament laxity and femoral inter-
condylar notch narrowing in early-stage knee osteoarthritis. Arthritis
Rheum. 2005;52(10):3100-3109. doi:10.1002/art.21340
Rahnemai-Azar AA, Sabzevari S, Irarrazaval S, Chao T, Fu FH. Ana-
tomical individualized ACL reconstruction. Arch Bone Jt Surg. 2016;
4(4):291-297. doi:10.22038/abjs.2016.7543

Ranuccio F, Familiari F, Tedesco G, La Camera F, Gasparini G.
Effects of notchplasty on anterior cruciate ligament reconstruction:
a systematic review. Joints. 2017;5(3):173-179. doi:10.1055/s-0037-
1605551

Shelbourne KD, Patel D V, Martini DJ. Classification and management
of arthrofibrosis of the knee after anterior cruciate ligament recon-
struction. Am J Sports Med. 1996;24(6):857-862. doi:10.1177/
036354659602400625

Udagawa K, Niki Y, Enomoto H, Toyama'Y, Suda Y. Factors influencing
graft impingement on the wall of the intercondylar notch after anatomic
double-bundle anterior cruciate ligament reconstruction. Am J Sports
Med. 2014;42(9):2219-2225. doi:10.1177/0363546514536872
VanderBracht H, Bellemans J, Victor J, Verhelst L, Page B, Verdonk P.
Can a tibial tunnel in ACL surgery be placed anatomically without
impinging on the femoral notch? A risk factor analysis. Knee Surg
Sports Traumatol Arthrosc. 2014;22(2):291-297. doi:10.1007/
s00167-013-2393-3



	Does Bone Regrow After Notchplasty in ACL Reconstruction?: A Prospective Computed Tomography Study With 2-Year Follow-up
	METHODS
	Patients
	Surgical Technique
	Methods of Assessment
	Statistical Analysis

	RESULTS
	DISCUSSION
	Interpretation in the Context of the Literature
	Interpretation of the Results and Clinical Implications
	Limitations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


