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Closure of Patellar Tendon Defect in Anterior
Cruciate Ligament Reconstruction With

BoneePatellar TendoneBone Autograft: Systematic
Review of Randomized Controlled Trials
Rachel M. Frank, M.D., Randy Mascarenhas, M.D., Marc Haro, M.D.,
Nikhil N. Verma, M.D., Brian J. Cole, M.D., M.B.A., Charles A. Bush-Joseph, M.D., and

Bernard R. Bach Jr., M.D.
Purpose: This study aimed to systematically review the highest level of evidence on anterior cruciate ligament (ACL)
reconstruction with boneepatellar tendonebone (BPTB) autografts with patellar tendon defect closure versus no closure
after surgery. Methods: We performed a systematic review of multiple medical databases using Preferred Reporting Items
for Systematic Reviews andMeta-Analyses (PRISMA) guidelines. Level I and Level II randomized controlled trials comparing
patellar tendon defect closure to no closure during ACL reconstruction with BPTB autografts were included. Two inde-
pendent reviewers analyzed all studies. Descriptive statistics were calculated. Study methodological quality was analyzed
using the Modified Coleman Methodology Score (MCMS) and Jadad scale. Results: Four studies with a combined 221
patients (154 male patients and 67 female patients) with an average age of 26.6 � 2.4 years (range, 17 to 54 years) were
included. All studies randomized patients before surgery into ACLR with BPTB autografts either with patellar tendon defect
closure or without closure. There were no differences in clinical outcomes (Lysholm score, Tegner scale, International Knee
Documentation Committee [IKDC] classification, modified Larsen score, and Lauridsen rating) between groups. There were
no significant differences in knee pain between groups. All studies reported imaging findings of the patellar tendon defect,
with 2 studies showing no difference in appearance between groups, one study showing excessive scar formation with defect
repair, and one study showing improved restoration of normal tendon appearance with defect repair. The overall quality of
the studies was poor, with all studies scoring less than 46 (average, 40.5 � 4.7) on the MCMS and scoring 1 on the Jadad
scale. Conclusions: Based on this systematic review of 4 randomized trials, there are no statistically significant or clinically
relevant differences in outcomes between patients who have the patellar tendon defect closed and those who have it left
open after ACLR with BPTB autografts. The methodology of the included studies limits the interpretation of the data, as
evidenced by low MCMS and Jadad scores. Level of Evidence: Level II, systematic review of Level I and Level II studies.
nterior cruciate ligament (ACL) injuries remain
Aextremely common in the young athletic patient
population, with an estimated 250,000 ACL injuries
sustained per year in the United States.1,2 For the ma-
jority of these patients, ACL reconstruction (ACLR) is
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performed, with the goal of restoring knee stability,
improving function for activities of daily living and sport,
and preventing future articular cartilage or meniscal
deterioration, or both.3 ACLR can be performed
through a variety of techniques and with a variety of
grafts. Graft choices include either autogenous tissue
(central-third boneepatellar tendonebone [BPTB],
hamstring, and quadriceps autografts) or allograft tissue
(BTPB, hamstring, Achilles, tibialis anterior, and so on).4

The most commonly used graft for ACLR is the BPTB
autograft, especially in high-level athletes and high-
demand patients.5-9 Outcomes after ACLR with BTPB
autografts are encouraging, with excellent subjective
and objective outcomes, high return-to-play rates, and
low overall failure rates.9-14 Complications after ACLR
with BPTB autografts are uncommon but can include
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patellar fractures, patellar tendon rupture, patellar
subluxation, diminished extensor mechanism function,
and anterior knee pain.15-19

The surgical technique for ACLR with BTPB a auto-
graft has been previously described7,8 and involves
harvesting the central third of the ipsilateral patellar
tendon with bone plugs from the patella and tibia. After
incision through the skin and subcutaneous tissue, the
peritenon surrounding the patellar tendon is incised,
allowing full exposure of the patellar tendon, followed
by harvest of the central third of the tendon. At the
conclusion of the procedure, closure techniques are
variable and can include closing both the patellar tendon
and peritenon defects, closing either the patellar tendon
or peritenon defect alone, or leaving both defects unre-
paired. Currently, there is no consensus regarding the
standard of care for management of the patellar tendon
defect after ACLR with a BPTB autograft.
The purpose of this study was to review the published

literature on ACLR with a BPTB autograft with patellar
tendon defect closure versus no closure after surgery.
We hypothesized that there would be no significant
difference in clinical outcomes between patients un-
dergoing patellar tendon defect closure compared with
those without closure.

Methods
We performed a systematic review of multiple

medical databases using Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.20 Before conducting the search, a systematic
review registration was completed on August 12, 2013
using the PROSPERO International prospective register
of systematic reviews (registration number
CRD42013005357).21 Two independent reviewers
(R.M.F., R.M.) completed the search, which was per-
formed on August 13, 2013. The following databases
were used: Medline (PubMed), CINAHL (Cumulative
Index to Nursing and Allied Health Literature), and
Cochrane Central Register of Controlled Trials. The
following terms were searched: “anterior cruciate liga-
ment,” “patellar tendon defect,” and “randomized.” The
electronic search citation algorithm used was: acl[All
Fields] AND (“patellar ligament”[MeSH Terms] OR
(“patellar”[All Fields] AND “ligament”[All Fields]) OR
“patellar ligament”[All Fields] OR (“patellar”[All Fields]
AND “tendon”[All Fields]) OR “patellar tendon”[All
Fields]) AND defect[All Fields] AND closure[All Fields].
Inclusion criteria included English-language, Level I

and Level II randomized controlled trials comparing
patellar tendon defect closure to no closure with a
minimum of a 6-month follow-up after ACLR with a
BPTB autograft. Exclusion criteria included noneEnglish
language studies, basic science or imaging studies, novel
technique studies, scientific meeting abstracts/proceedings,
and systematic reviews/meta-analyses. Levels of Evi-
dence I and II were deemed inclusive (per the Oxford
Centre for Evidence-Based Medicine used by the
American version of the Journal of Bone and Joint Sur-
gery22 and Arthroscopy). All references within included
Fig 1. Systematic review search algo-
rithm using Preferred Reporting Items
for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines within
Medline database. After application
of all exclusion criteria, 4 studies were
identified for final analysis.



Table 1. Summary of Study Demographic Information

Author Year Journal
Level of
Evidence

Number
of

Patients
Average
Age, yr

Age
Range, yr

Number of
Male

Patients

Number
With

PT Closed

Number
With

PT Open

Average
Follow-up
Duration,

mo

Number of
Patients
Available

for Follow-up (%)

No. of
Right
Knees

Graft
Used Surgical Technique

Adriani
et al.25

1995 KSSTA I 61 26 17-52 40 (66%) 36 (59%) 25 (41%) 6 61 (100%) 33 BPTB
autograft

Arthroscopically assisted ACLR
with inside-out technique
Side-to-side repair of tendon
defect in 25
Tendon left open; peritenon
closed in 36

Kohn
et al.17

1994 KSSTA I 50 29 19-37 31 (62%) 25 (50%) 25 (50%) 30 40 (80%) NA BPTB
autograft

Two-incision arthroscopically
assisted ACLR with notchplasty
Similar tunnel and screw sizes
within groups
Closed (group I): patellar defect
packed with reamed bone �
additional cancellous bone from
tibial head; peritenon closed
with running No. 2-0 Vicryl
sutures
Open (group II): patellar defect
loosely covered with gel foam,
peritenon left open

Cerullo
et al.26

1995 KSSTA I 50 23.5 17-34 43 (86%) 25 (50%) 25 (50%) 6 40 (80%) NA BPTB
autograft

Closed group: 3 full-thickness
simple interrupted No. 0 Vicryl
sutures, followed by peritenon
closure in same way if possible
Open group: peritenon closure
in same way if possible

Brandsson
et al.24

1998 KSSTA I 60 28 17-48 40 (67%) 29 (48%) 31 (52%) 24 50 (83%) NA BPTB
autograft

Two-incision arthroscopically
assisted outside-in technique;
meniscal pathologic process
addressed as needed; notchplasty
in 100%; paratenon closed in
all with interrupted sutures
Closed group: patellar tendon
defect closed, patellar bone
grafted
Open group: neither of above

Average 55.25 26.63 16.50
Standard

deviation
6.08 2.43 12.37

ACLR, anterior cruciate ligament reconstruction; BPTB, boneepatellar tendonebone; KSSTA, Knee Surg Sports Traumatol Arthrosc; NA, not available; PT, patellar tendon.
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Table 2. Summary of Study Outcomes: Imaging

Author

Ultra-

sonography

at 6 Mo:

Closed

(% Normal)

Ultra-

sonography

at 6 Mo:

Open

(% Normal)

Ultra-

sonography

at 12 Mo:

Closed

(% Normal)

Ultra-

sonography

at 12 Mo:

Open

(% Normal)

Ultrasonographic

Appearance

At 6 Mo: Closed

Ultrasonographic

Appearance

At 6 Mo: Open

Vertical Position

of Patella on

Lateral XR at

6 Mo: Closed

Vertical Position

of Patella on

Lateral XR at

6 Mo: Open

Adriani

et al.25
26.91 (111.11) 37.54 (90.15) 16.47 (32.23) 30.5 (16.66) “Binocular” appearance

of 2 cords separated by

a hyperechogenic

bridge; with echogenic core

surrounded by

hyperechogenic ring;

at 1 yr, echogenicity

returned to normal;

patellar bone defect

evident at 1 yr

“Binocular” appearance

of 2 cords separated

by a hyperechogenic

bridge; with echogenic

core surrounded by

hyperechogenic ring;

at 1 yr, the cords still

distinct with new tissue

filling central area but

different from true tendon

structure; patellar bone

defect evident at 1 yr

Patella alta �1 Patella alta �1;

patellar

lengthening

�1

Kohn

et al.17
NA NA NA NA Normal appearance of

PT after 2 yr; earlier

healing of patellar defect

No healing of PT

after 2 yr

NA NA

Cerullo

et al.26
NA NA NA NA NA NA No significant

shortening

No significant

shortening

Brandsson

et al.24
NA NA NA NA Central scar or gap at

middle third

with varying degree

of tendon healing;

lateral and medial

thirds with oval-shaped

hypertrophy (no difference

between groups)

Closed: complete healing

in 11, partial healing

in 5, no healing in 7

NA NA NA

NA, not available; PT, patellar tendon; XR, radiograph.
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studies were cross-referenced for potential inclusion
if somehow omitted from the initial search. Figure 1
shows the search strategy used according to PRISMA
guidelines to generate the final study list.
After the original search, studies were reviewed for

relevance by using previously described inclusionary
and exclusionary criteria. Two independent reviewers
(R.M.F., R.M.) analyzed studies deemed appropriate for
inclusion. For all included studies, data collected
included demographic data; intraoperative data,
including type of graft, surgical technique, and method
of defect closure (when performed); postoperative data,
including rehabilitation, physical examination findings,
pain level and other subjective outcomes, imaging
findings (when available), return to activity, return to
sport, reoperation rate, and complications. Study
methodological quality was analyzed using the Modi-
fied Coleman Methodology Score (MCMS)23 and Jadad
scale.24 Given the different methodology used in each
of the studies, quantitative statistical analysis of the
studies as a whole was not possible, and descriptive
analysis was performed. Continuous variable data were
reported as mean � standard deviation. Weighted
means and standard deviations were calculated for all
participant, surgical, and outcomes parameters. Cate-
gorical variable data were reported as frequencies with
percentages.
Results
Seven studies were identified with the initial search.

Three of these studies were excluded, including one
cadaveric study, one study that was not randomized,
and one study that discussed topics unrelated to closure
of the patellar tendon defect during ACLR with a BTPB
autograft. Thus, a total of 4 studies18,25-27 met the in-
clusion criteria and underwent further analysis (Fig 1).
These studies are described in detail in Table 1.



Patellar Height

on Lateral XR

at 1 Yr: Closed

Patellar

Height

on Lateral XR

at 1 Yr: Open

Patellar

Shortening

on XR: Closed

Patellar

Shortening

on XR: Open

Inferior

Pole Spurs

on PA-Frik

View at 6

Mo:

Closed

Inferior Pole

Spurs

on PA-Frik

View at 6 Mo:

Open

Inferior

Pole Spurs

on PA-Frik

View

at 1 Yr:

Closed

Inferior

Pole Spurs

on PA-Frik

View

at 1 Yr:

Open

Computed

Tomographic

Findings

at 6 Mo:

Closed

Computed

Tomographic

Findings

At 6 Mo: Open

NA NA NA NA NA NA NA NA NA NA

<2 mm: 14;

3-10 mm: 2;

constant: 9

<2 mm: 13;

3-10 mm: 2;

constant: 10

<2 mm: 14;

3-10 mm: 2;

constant: 9

<2 mm: 13;

3-10 mm: 2;

constant: 10

6 0 9 0 NA NA

NA NA NA NA NA NA NA NA N ¼ 20

14 thickened 2�; 6

thickened 1.5�;

width 15% less

than normal;

scar tissue throughout

medial and lateral

thirds

N ¼ 20

15 normal; 5

slightly thickened;

normal width;

scar tissue

central third

NA NA NA NA NA NA NA NA NA NA

CLOSURE OF THE PATELLAR TENDON DEFECT IN ACLR 333
All studies randomized patients before surgery into
ACLR with a BPTB autograft either with patellar
tendon defect closure or without closure. There were a
combined 221 patients (154 male patients and 67 fe-
male patients) in the 4 studies. The average age of the
patients was 26.6 � 2.4 years (range, 17 to 54 years).
The average postoperative follow-up was 16.5 � 12.4
months (range, 6 to 30 months), with an average
85.8% � 9.6% follow-up rate. A total of 52% (n ¼ 115)
of knees underwent patellar tendon defect closure,
whereas 48% (n ¼ 106) of knees did not.
Surgical technique, including closure of the patellar

tendon defect, varied by study, with the most common
technique involving side-to-side closure with Vicryl
suture (Ethicon, Somerville, NJ). Adriani et al.25 per-
formed arthroscopically assisted ACLR using an inside-
out technique, followed by either side-to-side repair of
the tendon defect (n ¼ 25 knees) or closure of the
peritenon while leaving the defect open (n ¼ 36 knees).
Brandsson et al.24 performed 2-incision arthroscopically
assisted ACLR using an outside-in technique, followed
by either closure of the patellar tendon defect with
patellar bone grafting (n ¼ 29) or no-closure/no-
grafting (n ¼ 31); in both groups, all patients under-
went closure of the peritenon with interrupted sutures.
Cerullo et al.26 performed arthroscopically assisted
ACLR in all patients followed by either patellar tendon
closure with 3 full-thickness simple interrupted No.
0 Vicryl sutures (n ¼ 25) or no closure of the defect
(n ¼ 25); all patients underwent peritenon closure with
interrupted Vicryl sutures as well. Kohn et al.17 per-
formed 2-incision arthroscopically assisted ACLR fol-
lowed by either bone grafting of the patellar defect with
reamed bone and peritenon closure with a running No.
2-0 Vicryl suture (n ¼ 25) or loose coverage of the
patellar defect with gel foam and no peritenon closure
(n ¼ 25). Only 2 of the 4 studies reported on their
rehabilitation protocol, as illustrated in Table 1.



Table 3. Summary of Study Outcomes: Clinical

Author

Larsen and Lauridsen

Rating Scale Modified

(Mean Score)

at 6 Mo: Closed

Larsen and Lauridsen

Rating Scale Modified

(Mean Score)

at 6 Mo: Open

ROM (�)
at 2 Wk:

Closed

ROM (�)
at 2 Wk:

Open

IKDC Score

at 2 Yr:

Closed

IKDC Score

at 2 Yr: Open

Lysholm

Score at 2

Yr: Closed

Lysholm

Score at 2

Yr: Open

Adriani

et al.25
9.88 9.36 NA NA NA NA NA NA

Kohn

et al.17
NA NA NA NA No significant

differences at 2 yr

(only graphs; no

actual numbers

given)

No significant

differences at 2

yr (only graphs;

no actual

numbers

given)

NA NA

Cerullo

et al.26
NA NA 3.6-101 3.2-98.5 NA NA NA NA

Brandsson

et al.24
NA NA NA NA 9 A, 13 B, 1 C, 1 D;

no significant

difference

between groups

13 A, 11 B, 2

C, 0 D;

no significant

difference

between

groups

74 preoperatively

to 95

postoperatively

(significant

improvement);

no significant

difference

between groups;

3 < 84

76 preoperatively

to 95

postoperatively

(significant

improvement);

no significant

difference

between groups;

2 < 84

ACL, anterior cruciate ligament; IKDC, International Knee Documentation Committee; NA, not available; PT, patellar tendon; ROM, range of motion.
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A summary of the physical examination findings,
clinical outcomes scores, and imaging data is provided
in Tables 2 and 3. Physical examination findings were
inconsistently reported. One study27 commented on
postoperative range of motion at 2 weeks after surgery,
with nearly identical values in the open-defect (3.2� to
98.5�) and closed-defect (3.6� to 101�) groups. Also at 2
weeks postoperatively, the authors noted that 40%
(n ¼ 10) of patients in the open-defect group had pain
while performing an isometric quadriceps contraction,
compared with 56% (n ¼ 14) with pain in the closed-
defect group. Three18,25,27 of the 4 studies (75%)
commented on postoperative inferior pole patellar pain,
with essentially no differences between the open and
closed groups. Pain ranged from 13% to 60% in the
closed-defect group compared with15% to 80% in the
open-defect group.
Clinical outcomes scores, including Lysholm scores,

Tegner scores, International Knee Documentation
Committee (IKDC) scores, and modified Larsen and
Lauridsen ratings, were variably reported. When pro-
vided, there were no differences in these outcomes be-
tween the defect-open anddefect-closed groups in anyof
the studies. Therewere no significant differences in knee
pain between groups, although one study noted
increased painful spur formation in 36% of patients,
which the authors attributed to bone grafting of the
patellar defect.27 All studies reported on some form
of imaging follow-up, including radiographs of the
knee18,26,27 or advanced imaging (ultrasonogra-
phy18,25,26 or computed tomography,27 or both) findings
(or both) of the patellar tendon defect. Fifty percent (2
studies) found no difference in patellar tendon appear-
ance between groups,25,26 25% (one study) found
excessive scar formation with defect repair,27 and 25%
(one study) showed improved restoration of normal
tendon appearance with defect repair.18

Only one of the 4 (25%) studies25 reported on
reoperation rates, with 7% (2 of 29) of patients un-
dergoing reoperation in the closed-defect group, both
for meniscal injuries. In the open-defect group, 6%
(2 of 31) of patients underwent reoperation for either
meniscal injury (one patient) and a recurrent traumatic
ACL tear (one patient).
By definition, all 4 studies were considered Level of

Evidence I or II. The overall quality of the 4 studies per
the MCMS was poor, with all studies scoring less than
46 (average 40.5 � 4.7). Similarly, all studies achieved a
score of one on the Jadad scale.

Discussion
The principal findings of this study are as follows: (1)

the data is inconsistent regarding the effect of patellar
tendondefect closure onpostoperative pain and function
after ACLR with a BTPB autograft and (2) despite
including only randomized clinical trials, the



Tegner Score

at 2 Yr: Closed

Tegner Score

at 2 Yr: Open

Local Tenderness

to Palpation

Above Inferior Pole:

Patella Closed

Local Tenderness to

Palpation Above

Inferior

Pole: Patella Open

Reoperations:

Closed

Reoperations:

Open

Main

Conclusions

NA NA NA NA NA NA No important

differences

between the

groups

NA NA 60% at 6 mo 80% at 6 mo NA NA Suturing peritendineum

enhances healing

and restores normal

appearance of tendon;

bone grafting patellar

defect increases risk

of painful spurs

NA NA 32% at 5-8 mo 35% at 5-8 mo NA NA No important

differences between

the groups, but

closing tendon results

in exuberant scar, so

“probably” better to

leave defect open

8 preoperatively to 6

postoperatively

(significant

worsening);

no significant

difference

between groups

7 preoperatively

to 5 postoperatively

(significant

worsening);

no significant

difference

between groups

12.5% at 2 yr 15.4% at 2 yr 2 for meniscal

injury within

2 yr

postoperatively

1 for meniscal injury

within 2 yr

postoperatively;

1 for rerupture of

ACL after new

trauma

No important

differences between

groups; bone grafting

patella and suturing

tendon do not

improve outcomes or

reduce donor site

morbidity
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methodology of the included studies limits the inter-
pretation of the data, as evidenced by the lowMCMS and
Jadad scores.
In the younger athletic high-demand patient popu-

lation, ACLR with a BPTB autograft is the most
commonly used graft choice.5-9 Even at the most
competitive level with professional athletes, ACLR
with a BPTB autograft is a reproducible surgical tech-
nique that uses a graft with high tensile strength,
optimal fixation with bone-to-bone healing, and high
return-to-play rates, with low overall complication and
failure rates.9-14 Potential complications28 are rare, but
dysfunction of the extensor mechanism,19,29-31 including
patellar fracture,17,32-36 tibial tubercle fracture, or failure
of the patellar tendon itself, remain the most worrisome.
Lee et al.18 described a series of 1,725 consecutive ACLRs
with BPTB autografts over a 20-year period and noted 3
complications related to patellar tendon harvest (0.2%
complication rate), including 2 patellar fractures (one
intraoperative and one postoperative) and one patellar
tendon rupture (postoperative).
The critical contribution of the patellar tendon to the

knee extensor mechanism, combined with the large
central-third defect within the patellar tendon after a
patellar tendon autograft harvest, certainly calls into
question the role of patellar tendon defect closure after
patellar tendon autograft harvest. Although ideally the
decision to perform patellar tendon defect closure
should be evidence based, given the paucity of data
available in the literature, the intraoperative decision
often comes down to balancing the potential perceived
risks of closure (patella baja, decreasing patellar tendon
length, suture irritation, increased operative time)
with the potential perceived benefits (biological graft
coverage by decreasing the large void created by an
otherwise empty space left by harvest of the central
third of the patellar tendon). Further, the relative in-
dividual contributions of bone grafting of the patellar
defect versus closure of the patellar tendon defect
versus closure of the peritenon on improving functional
outcomes and decreasing postoperative pain are
unclear.
Recently, Sobieraj et al.36 studied the mechanical

implications of patellar tendon defect closure on the
remaining patellar tendon after BPTB harvest. Using
matched (by tendon dimension) pairs of fresh-frozen
cadaveric patellar tendons, the authors harvested
BPTB grafts from all the specimens and then performed
defect closure in one half of the knees. After biome-
chanical testing, the authors noted no difference in load
to failure, failure stress, stiffness, or modulus between
the repaired tendons and those with the defect left
open. In a separate cadaveric study, Eilerman et al.37

assessed the effect of patellar tendon harvest on patel-
lofemoral contact pressures. The authors found no dif-
ferences in patellofemoral joint pressures at varying
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degrees of knee flexion (30�, 60�, and 90�) with and
without side-to-side patellar tendon defect repair after
central-third BPTB harvest. These cadaveric studies call
into question the biomechanical role of patellar tendon
defect closure.
In addition to biomechanical studies, several magnetic

resonance imaging studies38,39 have found evidence of
patellar tendon reconstitution after graft harvest. Nixon
et al.38 reported that the size and intensity of the
signal defect decreased over time, with an appearance
identical to normal tendon tissue at 2 years after
surgery. The authors performed biopsy procedures on
8 patients undergoing additional ipsilateral knee sur-
gery after ACLR with BPTB autografts and noted
essentially no histologic differences when compared
with normal tendon histologic characteristics at 2
years after surgery. In a separate imaging study of 20
patients undergoing ACLR with BPTB harvest fol-
lowed by defect closure, Coupens et al.39 found a
nearly normal appearance of the patellar tendon at
1.5 years after surgery. Interestingly, the authors
noted that throughout the follow-up period, the
patellar tendon was found to have increased thickness
compared with the contralateral leg but without any
change in tendon width, despite the defect undergo-
ing closure at the time of surgery.
Similar to the relatively inconclusive results found in

these cadaveric and imaging studies, the results from
the present systematic review are unable to provide
evidence supporting or negating the routine use of
patellar tendon defect closure after ACLR with a BPTB
autograft. Although Adriani et al.25 noted increased
scar formation on ultrasonography in the open-defect
group compared with the closed-defect group at 1 year
after surgery, their clinical, imaging and isokinetic
findings were similar between the groups by 6
months after surgery. This finding led the authors to
conclude that patellar tendon defect closure does not
influence the extensor mechanism. Similarly,
Brandsson et al.24 concluded that patellar tendon
defect closure and bone grafting showed no
improvement when compared with leaving the defect
open based on finding no differences in pain, ultra-
sonographic findings, donor site morbidity, knee sta-
bility, or overall functional outcome at 2 years after
surgery. In contrast, Cerullo et al.26 found computed
tomographic evidence of a substantially thickened
patellar tendon with scar tissue in the central third as
well as the medial/lateral thirds in all patients un-
dergoing defect closure compared with only 25% of
patients in the open-defect group. Although there
were no significant clinical or functional differences
between the groups, the authors stated that it is
“probably better” to leave the defect open after ACLR
with BPTP autograft harvest. The results from the final
study included in this systematic review17 further
cloud the data because the authors found restoration
of a normal tendon-like appearance with peritenon
closure when compared with not closing the defect.
Interestingly, the authors did find painful bone spur
formation at the inferior pole of the patella in more
than one third of patients who underwent patellar
defect bone grafting, leading the authors to discon-
tinue grafting while continuing with peritenon
closure.
In a separate clinical study, Shaffer and Tibone40 used

both intraoperative measurements and postoperative
radiographs to determine the potential effect of patellar
tendon defect closure on patellar tendon length and
overall patellar position. In this study, 36 patients un-
derwent ACLR with BPTB, with half of the patients
undergoing patellar tendon defect closure and all pa-
tients undergoing peritenon closure. The authors found
no evidence of clinically relevant patellar tendon
shortening in the closure group and also found no ev-
idence of patella baja. Other studies, however, have
found evidence of patellar tendon shortening after
ACLR with BPTB autografts.41,42

Overall, the included studies represent the highest
level of available evidence regarding the effect of patellar
tendon defect closure on postoperative pain and func-
tion after ACLR with BTPB autografts. Nevertheless, it
remains difficult to draw conclusions or make clinical
recommendations based on this pooled data set. As
noted, these studies did not assess kneeling pain or
consistently measure any potential shortening of the
extensor mechanism compared with the nonoperative
knee, and this information would certainly be helpful in
determining the clinical effects of patellar tendon
closure. Similarly, it would have been clinically helpful
for the patients in these studies to have subjectively
assessed the presence or absence of pain along the
anterior aspect of the knee postoperatively, especially
with potentially provocative activities such as kneeling
or stair climbing. As noted in a prospective study by
Martin et al.43 in 1996, bone grafting the patellar defect
significantly decreases patellofemoral pain compared
with leaving the defect unfilled. In addition, a subjective
assessment of the cosmetic appearance of the knee would
have been interesting, because this type of data likely ties
into overall patient satisfaction, an increasingly impor-
tant entity in the current health care system.
The senior author (B.R.B.) has performed more than

2,200 primary and revision ACLR procedures with
BPTB autografts and allografts. Our preference has been
to graft the patellar and tibial tubercle defects with bone
gathered at the time of tibial and femoral tunnel
reaming. The patellar tendon defect is then loosely
closed with the knee flexed at approximately 75� to 85�

to reduce the likelihood of overconstraining the patella.
The paratenon is subsequently closed with Vicryl su-
ture. We have advocated patellar tendon defect closure
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and bone defect grafting44 so that patients are not
kneeling on the patellar defect or focused on the
palpable defect in a nonclosed harvest site.

Limitations
The present study has several limitations. Because of

the strict inclusionary criteria of including only ran-
domized trials, the sample size is small with only 4
studies comprised of 221 patients. However, all studies
included were of the highest possible level of evidence
available on this topic. Despite using only Level I and
Level II studies, the overall quality of the studies was
low, as evidenced by the low MCMS and Jadad scores.
Several of the studies omitted details from their meth-
odology, which resulted in lower MCMS and Jadad
scores; however, it is possible that those points were lost
simply because of omission of details from the text of
the manuscripts and not because of the quality of the
actual studies. The major limitation is the lack of stan-
dardization between the studies with respect to the
outcomes and imaging data collected, limiting the
analysis to descriptive statistics and making compari-
sons between studies difficult.
Conclusions
Based on this systematic review of 4 randomized tri-

als, there are no statistically significant or clinically
relevant differences in outcomes between patients who
have the patellar tendon defect closed and those who
have it left open after ACL reconstruction with a BPTB
autograft. Further, the data is inconsistent regarding the
effect of patellar tendon defect closure on scar forma-
tion. The methodology of the included studies limits the
interpretation of the data, as evidenced by low MCMS
and Jadad scores.
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