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Abstract Clinical outcomes after reconstruction for multiligamentous knee injury (MLKI) can be
consistently favorable. However, recent implants and technique advances may allow for
improvement in outcomes. Our institution has developed novel graft constructs and
techniques for reconstructions with preclinical data supporting clinical use. Our study
purpose was to assess clinical outcomes after reconstruction for MKLI using our constructs
and techniques. Overall success rate, failure/revision rates, return to work (RTW)/return to
sports (RTS) rates, and complications were evaluated testing the hypothesis that novel
methods would be associated with clinical benefits with respect to applications and
outcomes compared with historical results. We reviewed a single-surgeon, longitudinal
database of 42 patients who underwent multiligament reconstruction at our institution
using these techniques for at least two-ligament injuries. Visual analogue scale (VAS) pain
score and PROMIS (patient-reported outcomes measurement information system) were
collected preoperatively and postoperatively at aminimum1-year follow-up. Among these
patients, 33 patients (mean age of 28.9 years, mean bodymass index (BMI) of 33.2 kg/m2,
mean follow-up of 14.2 months) were included for outcomes analyses. With the definition
of success as having a VAS score of less than or equal to 2 without revision/salvage surgery
due to recurrent/residual instability or arthritis, overall success rate was 88% (29/33). The
mean VAS scores improved from 5� 2 to 2� 2. The mean preoperative PROMIS mental
health score was 36.2� 7, general health was 33.5� 6, pain was 62.7� 8, and physical
function score was 29.4� 3. At the final follow-up, PROMIS MH was 50.2� 10, GH was
44.4� 9, pain was 54.3� 9, and PF was 42.6� 8.4. Return to work rate was 94% (31/33),
and 52% (17/33) of patients were able to RTS at any level. Our results demonstrated
excellent clinical outcomes associated with a primary success rate of 88% and RTW rate of
94%. Intraoperative complications occurred in 9.5% of cases and revision and failure rates
were9% and3%, respectively.Our initial results suggest thatmultiligament reconstructions
using novel graft constructs and techniques are safe and effective and canbe considered an
appropriate option for reconstruction of the full clinical spectrum of MLKIs.
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Multiligamentous knee injury (MLKI) is relatively uncom-
mon, but can cause significant functional impairment and
devastating long-term sequelae, such as persistent pain and
instability, inability to return to previous activities, de-
creased range of motion (ROM), and post-traumatic osteoar-
thritis (PTOA).1–3 Surgical treatment of MLKI has been
reported to yield better functional outcomes in short- to
medium-term follow-up in comparison with conservative
treatment. Based on patient-reported outcomes in conjunc-
tion with assessments of knee stability and ROM, surgical
reconstruction for MLKIs has been recommended over re-
pair.4–8 However, failure rates after surgical reconstruction
for MLKI remain as high as 40% and residual instability has
been reported to be as high as 42%.9

When MLKI reconstruction is unsuccessful, patients expe-
rience pain, instability, dysfunction, and/or PTOA, which may
result in need for revision surgery, need for salvage surgery
(e.g., total knee arthroplasty [TKA], arthrodesis, amputation),
or permanentdisability. Poor outcomes afterMLKI reconstruc-
tion have been reported to be associated with high-energy
trauma, unaddressed ligament injuries at the time of index
operation, high body mass index (BMI), concomitant cartilage
injury, combined meniscal tears, bone tunnel widening,
retained hardware, and mechanical axis malalignment.9–12

Revision reconstructions are challenging and associated with
limited success.9 Failure requiring salvage surgery is also
highly undesirable for patients. To minimize complications,
revisions, and failures, MLKI graft constructs and surgical
techniques should be designed to optimize graft strength,
graft integration, knee stability, and functional graft healing
to restore joint function and mitigate PTOA.

Recent advances in technology provide the potential to
improve graft constructs and surgical techniques for MLKI
reconstruction with respect to biologic and biomechanical
parameters. These advances include all-soft-tissue grafts
implanted into bone sockets using adjustable loop cortical
suspensory fixation devices, use of quadriceps tendon as a
source for autografts and allografts, and synthetic suture
tape, or “internal brace,” augmentation of grafts.13–23 Pre-
clinical data indicate that together these advances can con-
sistently result in immediate and maintained stability, four-
zone graft-bone integration, and functional graft healing and
remodeling.5,24–30 Importantly, these constructs and techni-
ques allow for surgical reconstruction of all major ligaments
in MLKIs while preserving bone stock and minimizing sock-
et/tunnel-graft overlap and impingement.31–33

Based on preclinical evidence for safety and efficacy in
conjunction with clinical evidence for successful single-
ligament reconstructions, the authors instituted a shift in
practice to employ these novel graft constructs and techni-
ques for reconstructions for MLKI and track outcomes in a
prospective registry. As such, the purpose of the present
study was to assess and report clinical outcomes for the
initial cohort of consecutive multiligament reconstruction
surgeries performed at the authors’ institution using novel
graft constructs and techniques. We hypothesized that the
novel constructs and techniques would allow for surgical
reconstruction of all major ligaments in MLKIs, minimizing

socket/tunnel-graft overlap and impingement and yielding a
high success rate based on postoperative pain, knee stability,
and RTW in conjunction with low revision and failure rates.

Methods

With institutional review board approval and informed
consent, patients enrolled in a prospective registry were
identified for data analyses. Inclusion criteria were patients
who sustained a MLKI, and subsequently underwent recon-
struction performed by the senior author between Novem-
ber 2015 and November 2018 using the novel graft
constructs and surgical techniques described (►Table 1;
►Fig. 1). Demographic characteristics including patient
age, sex, BMI, injury patterns, and concomitant injuries
were recorded. Operative data were also collected for
analyses.

In an acute setting, once the patient has been stabilized,
initial assessment starts with physical examination includ-
ing soft tissue evaluation, focused neurology examination,
and ankle-brachial index combined with serial vascular
physical exams to rule out concomitant neurovascular injury.
After reduction of the dislocated tibiofemoral joint, tempo-
rary stabilization is provided. Advanced imaging studies are
obtained to delineate injured structures that are intra-artic-
ular and extra-articular. On the basis of physical examination
and imaging studies, surgical planning is established. Exam-
ination under anesthesia (EUA) is emphasized in final deci-
sion-making for MLKI reconstruction.

After EUA, an arthroscopic intra-articular examination is
performed to address concurrent meniscal and cartilage
lesions. Arthroscopic drive-through signs inmedial and lateral
compartments supplement EUA findings. The debridement of
remnant stumps of ruptured ligaments is performed. In the
case of posterior medial corner (PMC) and posterior lateral
corner (PLC) reconstructions, insertions of ligaments and
isometric points on both the medial and lateral femoral
condyles are identified and prepared in open fashion. Femoral
and tibial sockets are created with graft-size-matched ream-
ers. Grafts are passed. Initial docking and fixation into individ-
ual sockets are done using an adjustable length cortical
suspensory fixation device. After graft conditioning with
kneeROM,graftsare tightened throughasequential tightening
of suspensoryfixation devices in an order of posterior cruciate
ligament (PCL), followedby themost unstable corner, and then
the least unstable corner. Global stability is assessed. Selective
re-tensioning of the grafts is done based on stability examina-
tion. Finally, stability is rechecked and confirmed.33

In all cases, injured ligaments were reconstructed. Allog-
rafts were used in all cases of PCL, PLC, and PMC reconstruc-
tion. For the anterior cruciate ligament (ACL), 24 ACL
reconstructions used quadriceps autograft, and 10 cases
were reconstructed with quadriceps allograft on the basis
of patient ages and activity levels. The Compass Knee Hinged
External Fixator (Smith & Nephew, Memphis, TN) was used
in high-grade injury (total 12 patients, 28.5%), six KDIII and
six KDIV, to provide increased stability and protect recon-
structed grafts during initial healing.34–36
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Apostoperative rehabilitationcoursewas individualized for
each patient on the basis of reconstructed structures, the
patient’s general condition, and desired activities. With novel
reconstruction constructs and fixation techniques, we prefer
an acceleratedgeneral protocol. In a setting of high-gradeknee
dislocation that requires more than three ligaments recon-
structed; the compass hinged external fixators were used.36

The postoperative rehabilitation program is one of the
important factors that affect the stability after MLKI recon-
struction. The risks for arthrofibrosis and stiffness, and the risk
for failure resulting frompremature, aggressive rehabilitation,
must be balanced. Following PCL and corner reconstructions,
the patient starts weight-bearing as tolerated with crutches
and theknee locked in full extension in a hinged kneebrace on
the first postoperative day. The need for and timing of staged
ACL reconstruction also influences the postoperative course.Ta

b
le

1
G
ra
ft

C
on

st
ru
ct
s
an

d
Te

ch
ni
qu

es
5,
2
7,
29

,3
3

St
ru
ct
ur
e

Te
ch

ni
q
ue

G
ra
ft

M
in
.
w
id
th

(m
m
)

M
in
.
le
n
g
th

(m
m
)

In
te
rn
al

B
ra
ce

Fi
na

l
di
am

et
er

(m
m
)

Fi
na

l
le
ng

th
(m

m
)

Fi
xa

ti
on

PC
L

A
ll-
in
si
d
e
tr
an

s-
ti
b
ia
ld

ou
bl
e-

bu
nd

le
an

at
om

ic
al

re
co

ns
tr
uc

ti
o
n

A
ch

ill
es

al
lo
g
ra
ft

15
17

0
Lo

n
g

Ti
bi
al
:1
0.
5–

12
A
L
bu

nd
le
:
9–

11
PM

bu
nd

le
:
7–

8

A
L
80

–8
5

PM
70

–7
5

Fe
m
ur

an
d
ti
bi
a:

C
SF

D
in

so
ck
et
s

PL
C
LC

L
Fe

m
ur
-F
ib
ul
a
Fi
gu

re
-o
f-8

fo
r

LC
L/
PF

L
A
nt
er
io
r
ti
bi
al
is
al
lo
gr
af
t

or
se
m
it
en

d
in
ou

s
al
lo
g
ra
ft

7
23

0
Lo

n
g

Fe
m
or
al
:
8–

9.
5

Fi
bu

la
r
7

21
0–

22
0

LC
L/
PF

L:
Fe

m
u
r:
C
SF

D
in

so
ck
et
;
Fi
bu

la
r
tu
nn

el

PL
C-
Po

p
Fe

m
ur
-T
ib
ia

an
at
om

ic
re
co

ns
tr
uc

ti
on

A
nt
er
io
r
ti
bi
al
is
al
lo
gr
af
t,

se
m
it
en

di
no

us
al
lo
gr
af
t,

or
gr
ac
ili
s
al
lo
g
ra
ft

6
17

0
N
o
ne

6–
6.
5

>
15

0
Po

p:
Fe

m
u
r
an

d
ti
bi
a:

tu
nn

el
ap

er
tu
re

fi
xa
ti
o
n

us
in
g
in
te
rf
er
en

ce
sc
re
w
s

PM
C

D
o
ub

le
-b
un

d
le

is
om

et
ri
c
ba

se
d

an
at
om

ic
al

re
co

ns
tr
uc

ti
o
n
of

sM
C
L
an

d
PO

L

A
nt
er
io
r
ti
bi
al
is
al
lo
gr
af
t

7
25

0
Lo

n
g

Fe
m
or
al
:
8–

9.
5

sM
C
L:

6–
7.
5

PO
L:

6–
7

M
C
L
12

0
PO

L
11

0
Fe

m
ur

an
d
ti
bi
a:

C
SF

D
in

so
ck
et
s

A
C
L

A
ll-
in
si
d
e
si
ng

le
bu

nd
le

an
at
om

i-
ca
lr
ec

on
st
ru
ct
io
n

Q
ua

dr
ic
ep

s
au

to
/

al
lo
g
ra
ft

9
70

C
C
Sh

or
t

9–
11

65
–7

0
Fe

m
ur

an
d
ti
bi
a:

C
SF

D
in

so
ck
et
s

A
b
br
ev

ia
ti
on

s:
A
L,

an
te
ro
la
te
ra
lb

an
d;

A
C
L,

an
te
ri
o
r
cr
uc

ia
te

lig
am

en
t;
BM

I,
bo

d
y
m
as
s
in
d
ex

;
C
C
,
co

lla
ge

n-
co

at
ed

;
C
FS

D
,
co

rt
ic
al

su
sp
en

so
ry

fi
xa
ti
on

de
vi
ce

;
M
C
L,

m
ed

ia
lc

ol
la
te
ra
ll
ig
am

en
t;
PC

L,
po

st
er
io
r

cr
uc

ia
te

lig
am

en
t;
PF

L,
po

pl
it
eo

fi
bu

la
r
lig

am
en

t;
PL
C-
LC

L,
po

st
er
io
r-
la
te
ra
lc

or
ne

r
-l
at
er
al

co
lla

te
ra
ll
ig
am

en
t;
PL
C-
Po

p
,p

os
te
ri
or
-la

te
ra
lc

or
ne

r
-p

op
lit
eu

s
te
nd

on
;P

M
,
po

st
er
io
r
m
ed

ia
l;
PO

L,
po

st
er
io
r
ob

liq
ue

lig
am

en
t.

Fig. 1 Illustration depicting novel anterior cruciate ligament (ACL:
turquoise), posterior cruciate ligament (PCL: green), posterior medial
corner (PMC: purple), and posterior lateral corner (PLC: orange) graft
constructs and techniques used for patients included in the present
study. Top left¼ posterior perspective; Top right¼medial perspec-
tive; Bottom left¼ anterior perspective; Bottom right¼ lateral per-
spective. Image Courtesy: Used with permission from The Curators of
the University of Missouri.
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Patients begin ROM at 0 to 30 degrees and progress as
tolerated. A continuous passive motion machine can assist
with this. Care should be taken not to progress the motion
too quickly to allow early graft healing into the sockets. At 3
to 4weeks, the hinged knee brace is unlocked during weight-
bearing activities. Physical therapy starts after the first
2 weeks. The main focus during the initial recovery period
is to obtain and maintain motion.

By 6 weeks, the patient should be expected to have 0 to
90 degrees of active and passive knee motion, good patellar
mobility, and normal gait without crutches. With all these
goals achieved, patients can start the strengthening phase.
The senior author continues knee bracing in MLKI patients
full time for at least 3months, and then continues it with any
high stress activity for up to 18 months.

Acustom-fit brace is recommended for therapyandathletic
activities for thefirst 18months following the reconstruction.
Returning to heavy work and sports is gradually allowed
during the period of 9 to 12months post-surgery. The criteria
for return to heavy work and sports vary depending on the
activity level. Still, in general, patients return to strenuous
activities when they have convincingly regained normal sta-
bility, motion, and strength of the knee.27

Theprimaryoutcomemeasure for analysiswas success rate.
Success was defined as the patients having a self-reported
visual analogue scale (VAS) pain score �2, documented knee
ligament stability based on surgeon assessment, and RTW at
any level with no need for revision at �1 year after MLKI
reconstruction.Kneestability inmultiple planeswasevaluated
using a Lachman test, pivot shift test, posteriordrawer test, dial
test, and varus/valgus test at 0 and 30 degrees in comparison
with the uninjured limb. Laxitywas graded as negative,þ,þþ,
orþþþ , and soft or firm endpoint was recorded. All reported
complications and reoperations were recorded. Revision was
defined as a reoperation to address the primary MLKI recon-
struction for any reason. Failure was defined as need for knee
arthroplasty, arthrodesis, or amputation for any reason.

Secondary outcome measures include patient-reported
outcomes measurement information system (PROMIS) scores
and patient-reported VAS pain scores recorded preoperatively
and at 3, 6, and 12 months and yearly after MLKI reconstruc-
tion. PROMIS is reported to correlate well with validated
injury-specific outcomemeasures forMLKI aswell as general-
ized measures such as Tegner and Lysholm.37 RTS was also
determined at �1 year postoperatively. When possible, ante-
rior–posterior tibial translation relative to the femur was
measured and recorded using the KT-2000 arthrometer. A
side-to-side difference of 3mm or more compared with the
contralateral knee was defined as abnormal knee laxity.

Statistical Analysis
Descriptive statistics were calculated to report means,
ranges, and percentages as appropriate. Fisher exact tests
were used to assess for significant differences in proportions
in success rates for variables of interest. Paired t-tests were
used to assess for significant differences among preoperative
and 1-year postoperative PROMIS and pain scores. Signifi-
cance was set at p< 0.05.

Results

Atotal of 42patients (32males,10 females)with average age of
28.9� 10 years and BMI of 33.2 kg/m2 met inclusion criteria
and had complete demographic and surgical data available for
analyses (►Tables 2–4). With respect to mechanism of MLKI,
25 patients (59.5%) sustained high-energy injuries, including
motor vehicle accidents, and 17 patients (40.5%) sustained
low-energy sports-related injuries. Twenty cases (47.6%) were
reconstructed in the acute phase (within 4 weeks after initial
injury) and 22 cases (52.3%) were delayed for reconstruction
(after 4 weeks post-injury). The mean time interval from the
initial injury to index reconstruction surgery was 9.7 weeks
when excluding two outlier revision cases. Thirty-three
patients (79%) with complete follow-up data (mean¼ 14.2
months postop) were included for outcomes analyses.

The novel graft constructs and techniques were success-
fully implemented in all cases. Socket/tunnel-graft overlap
and impingement requiring graft and/or fixation device
repair and socket/tunnel revision occurred in four cases
(9.5%), including two femoral ACL-femoral PLC, one femoral
PLC-femoral PMC, and one tibial ACL-tibial PMC POL. All four
cases were successfully revised intraoperatively.

Table 2 Patient demographics

Age 28.9� 10 y

Male 32

Female 10

BMI 33.2� 9.6 kg/m2

High-energy injury mechanism 25 (59.5%)

Low-energy injury mechanism 17 (40.5%)

Acute reconstruction 20 (47.6%)

Delayed reconstruction 22 (52.3%)

Abbreviation: BMI, body mass index.

Table 3 Knee dislocation injury classification

Type Injury Number Comments

KD I ACL or PCL 16 (38.0%)

KD II ACL, PCL 1 (2.4%)

KD III ACL, PCL and
Medial or
Lateral

15 (35.7%) Medial 5, Lateral 10

KD V ACL, PCL,
PLC, PMC

7 (16.7%)

KD IV Associated
periarticular
fracture

3 (7.1%) 1 medial tibial plateau
fracture
1 lateral tibial plateau
fracture
1 combined lateral
femoral condyle, lateral
tibial plateau, proximal
fibula fracture

Abbreviations: ACL, anterior cruciate ligament; KD, knee dislocation;
PCL, posterior cruciate ligament; PLC, posterior lateral corner; PMC,
posterior medial corner.
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Primary success rate was 88% (29/33). When including
three successful revisions of posterolateral corners, the overall
success rate was 97% (32/33). RTW rate was 94% (31/33). RTS,
for any level of sport, was 52% (17/33) (►Table 5).

Twelve complications in 10 patients were reported
(►Table 6). Three patients had arthrofibrosis and underwent
manipulations under anesthesia and arthroscopic lysis of
adhesions separately to the index reconstruction. Three
patients had hardware irritation and underwent removal
of cortical buttons; two of themwere on the lateral tibia, and
the otherwas on themedial tibia. Three patients experienced
surgical site infection and were treated with debridement
and local antibiotic-bead placement. Two of the three infec-
tion caseswere in the patientswho underwent PLC revisions.

One patient underwent TKA 17 months after surgical
reconstruction of a KD V MLKI consisting of PCL tear, PMC
tear, and ACL avulsion with comminuted medial tibial pla-
teau fracture and complex lateral meniscus tear.

Three patients underwent PLC revision reconstruction.
One casewas associatedwith a comminuted proximalfibular
fracture with the initial MLKI, which resulted in fibular
nonunion and subsequent fibular tunnel failure. Two PLC
revisions were associated with varus malalignment and
underwent PLC revisions with simultaneous correctional
osteotomies at 6 months and 8 months after primary MLKI
reconstruction, respectively (►Table 7).

Patient-reported outcomes based on PROMIS Global
Health, Mental Health, Pain, Physical Function scores, and
VAS Pain scores improved significantly (p< 0.05) at final
follow-up (mean¼ 14.2 months) with all PROMIS score
means, except Physical Function, within the range for the
normal healthy adult population, and a mean VAS pain score
of 2 (►Fig. 2).

Table 5 Success, complication, return to work, and return to sport percentages

Variables Success rate p-Value Complication p-Value RTW p-Value RTS p-Value

Female
Male

75%
92%

0.24 50%
22%

0.17 88%
96%

0.43 63%
48%

0.69

Age< 40
Age> 40

89%
83%

1 30%
17%

0.65 96%
83%

0.33 63%
50%

0.66

BMI< 35
BMI> 35

96%
70%

0.07 13%
60%

0.01 100%
80%

0.09 57%
40%

0.46

High energy
Low energy

94%
80%

0.31 22%
40%

0.45 94%
93%

1 56%
47%

0.73

Lateral
Medial
Both

92%
90%
80%

>0.5 33%
30%
40%

>0.9 92%
100%
90%

>0.9 58%
60%
40%

>0.6

Bicruciate
not bicruciate

83%
93%

0.61 33%
27%

0.72 93%
94%

1 39%
67%

0.17

Acute surgery
Delayed surgery

80%
94%

0.31 33%
27%

0.72 93%
94%

1 53%
50%

1

Abbreviations: BMI, body mass index; RTS, return to sport; RTW, return to work.

Table 4 Concomitant injuries

Injury Number of
cases

Comments

Peroneal
nerve
injury

7
(16.6%)

All associated with posterior
lateral corner injury.
Two cases were combined with
popliteal artery injuries.
One case was also concurrent
with a proximal fibular fracture.

Popliteal
artery
injury

2
(4.7%)

All required emergent vascular
consultation and all were for
KDIIIL MLKIs.

Meniscal
injury

18
(42.6%)

Confirmed arthroscopically
and addressed accordingly with
meniscectomy or meniscus
repair (five isolated medial
menisci, three isolated lateral
menisci, ten combined medial
and lateral menisci).

Cartilage

injury

8
(19%)

Confirmed arthroscopically
and treated with chondroplasty
(five medial femoral condyles,
two medial tibial plateaus,
and one lateral tibial plateau).

Table 6 Complications

Number of
cases

Comments

Arthrofibrosis 3 (9.1%) MUA and arthroscopic lysis
at postoperative 3, 6, and 3
and 11 months,
respectively.

Graft-implant
failure

3 (9.1%) PLC reconstruction failures
and subsequent revisions.

Hardware
irritation

3 (9.1%) Removal of cortical buttons
on two lateral tibias and
one medial tibia.

Infection 3 (9.1%) Treated with multiple
debridements and
antibiotic beads.

Abbreviations: MUA, manipulation under anesthesia; PLC, posterior
lateral corner.
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Complete data for tibial translation measured using the
KT-2000 arthrometer were obtained from 12 patients. The
mean KT 2000 arthrometer side-to-side differences were
1.5� 1mmat the quadriceps neutral angle of 30 degrees and
1.5� 1.3 mm at 70 degrees for these patients.

Discussion

The results of the present study allow for accepting the
hypothesis in that novel graft constructs and surgical tech-
niques allowed for surgical reconstruction of all major
ligaments in MLKIs while minimizing socket/tunnel-graft
overlap and impingement and yielding a high success rate
based on postoperative pain, knee stability, and RTW in
conjunction with low revision and failure rates. The primary
success rate was 88% and overall success rate was 97% after
three successful revisions. Patient-reported pain and func-
tion scores improved significantly at minimum 1-year fol-
low-up and RTW rate was 94%. Intraoperative complications
related to the novel constructs and techniques occurred in
9.5% of caseswith all successfully revised at the time of index
surgery. Revision and failure rates were low at 9% and 3%,
respectively. Taken together, these initial results compare
very favorably to previous studies reporting outcomes after

MLKI such that these graft constructs and surgical techni-
ques can be considered safe and effective for surgical recon-
struction of a broad spectrum of MLKIs. As such, they have
become the mainstay of MLKI treatment at our institution.

Data for the secondary outcomes analyzed in the present
study also compare favorably to previous reports. While the
incidence of persistent instability after MLKI reconstruction
has been previously reported to range from 18 to 100%
(mean¼ 42%),3,9 persistent instability was noted in only
12% of cases in the present study with at least 1 year of
follow-up. Three of these (9.5%) had varus and/or rotational
instability and patients underwent successful revision of the
PLC component of KD IV reconstructions, and two of these
revisions included realignment tibial osteotomies.38,39 The
other case of persistent instability was multidirectional in
nature and occurred in a KD V knee with complete PCL and
PMC disruptions, ACL avulsion, and a comminuted medial
tibial plateau fracture with articular cartilage damage, and a
lateral meniscal tear. Based on the instability and progres-
sion to PTOA, the patient opted for TKA at 17months after the
initialMLKI reconstruction. Interestingly, all of the persistent
instability cases occurred in patients with high BMI (33–45),
which was associated with a significantly higher complica-
tion rate and trended toward a significantly lower success

Table 7 Revisions and failures

Procedures Age/Sex/BMI Type Initial injury Contributing factors

TKA 39/M/BMI 34 KD V PCL, PMC, and ACL
avulsion with
comminuted MTP
fracture, LM tear

Comminuted fracture-dislocation,
complex meniscal tear

Revision PLC reconstruction 38/M/BMI 33 KD IV ACL, PCL, PMC, PLC
and comminuted
fibular head
fracture

Fibular tunnel failure

Revision PLC reconstruction
with simultaneous correctional
osteotomy

24/M/BMI 40 KD IV ACL, PCL, PMC, PLC Varus malalignment

37/F/BMI 45 KD IV ACL, PCL, PMC, PLC Varus malalignment

Abbreviations: ACL, anterior cruciate ligament; BMI, body mass index; KD, knee dislocation; PCL, posterior cruciate ligament; PMC, posterior medial
corner; PLC, posterior lateral corner.

Fig. 2 Mean� SD patient-reported visual analogue scale (VAS) pain scores and patient-reported outcomes measurement information system
(PROMIS) scores at preoperative and 1-year postoperative time points. SD, standard deviation.
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rate in the present study. High BMI has been consistently
reported as a risk factor for poor outcomes after MLKI.40–42

Restoration of function to allow for RTW or RTS is a key
goal for MLKI surgery. In a recent systematic review, the rate
for return to any level of work was reported at 88%, and RTW
with little or no modifications to preinjury level was 62%.43

Return to any level of sport after MLKI reconstruction has
been reported to be approximately 60% with return to high-
level sport as lowas 22 to 33%.44 In another study, only 39% of
patients were reported to be able to return to preinjury level
of activity and 31% of patients returned to less physically
demanding duty.27 Return to activity after MLKI reconstruc-
tion is influenced by multiple factors such as patient demo-
graphics, injury mechanism, concomitant injuries, surgical
timing, and surgical techniques.9 High BMI, nonoperative
treatment, high-energy mechanism of injury, neurovascular
injury, compartment syndrome, traumatic knee arthrotomy,
and intra-articular fracture were reported to be more prev-
alent in patients who were unable to RTW.44,45 For patients
in the present study with at least 1 year of follow-up, 94%
returned to work and 52% returned to sport. Only high BMI
trended toward being a significant risk factor for inability to
return to work in the present study.

Association of MLKI with PTOA has been well docu-
mented. After MLKI reconstruction, patients are reported
to undergo TKA at an earlier mean age of 50 years compared
with patients with a history of other knee surgery (mean age
of 60).46 Similarly, patients had radiographic knee OA in 87%
of injured knees at just 2 years afterMLKI comparedwith 35%
of uninjured knees.10 In another study, 23% of MLKI patients
developed radiographic evidence of degenerative changes at
a mean of 10 years after injury with 7% of patients undergo-
ing TKA.47,48 Concurrent meniscus, articular cartilage, and
subchondral bone injuries at the time of MLKI, nonsurgical
treatment, chronic knee laxity, and age older than 30 years
are risk factors for PTOA after MLKI.48–50While the relatively
short follow-up duration for the present study does not allow
for conclusions to be made regarding development of PTOA
after MLKI, the substantially lower initial revision and failure
rates noted for patients in the present study suggest that the
novel grafts and techniques have the potential to mitigate
early-onset PTOA as well.

Based on the positive results noted for primary and sec-
ondary outcomes measures in conjunction with the patient
population matching those in previous MLKI studies, the data
from the present study suggest that the novel graft constructs
and surgical techniques used have advantages forMLKI recon-
struction. Taken together, it is likely that these potential
advantages are related to robust graft constructs including
synthetic internal brace augmentation for favorable immedi-
ate and sustained biomechanical function; all-soft-tissue
grafts implanted into bone sockets using adjustable loop
cortical suspensory fixation devices allowing for four-zone
graft-bone integration and functional graft healing and
remodeling, as well as repeated graft tensioning to diminish
constructcreepandachievedesiredkneestability, andsurgical
reconstruction of all major ligaments in MLKIs while preserv-
ing bone stock and minimizing socket/tunnel-graft overlap

and impingement.33 These components appear to be able to
optimize graft strength, graft integration, knee stability, and
functional graft healing to restore joint function and mitigate
common complications and failures as realized in the present
study.

We do recognize limitations for the present study. The
patient population studied was heterogeneous with respect
to patient demographics, comorbidities, concomitant inju-
ries, and MLKI mechanism of injury and severity. While this
heterogeneity represents the typical “real life” clinical sce-
nario for MLKIs, it is associated with numerous potentially
confounding variables that may affect broad application of
the data. Similarly, because facets of the graft constructs and
surgical techniques were designed and implemented con-
currently as a shift in practice, it is not possible to delineate
individual contributions of each to complications, success, or
failure. In addition, PTOAwas not assessed in this study based
on the duration of follow-up data that was available for this
trauma patient population.

Conclusion

MLKI reconstruction using novel graft constructs and surgi-
cal techniques was associated with a primary success rate of
88% and RTW rate of 94%. Intraoperative complications
occurred in 9.5% of cases and revision and failure rates
were 9% and 3%, respectively. Taken together, these initial
results suggest that these constructs and techniques are safe
and effective and can be considered an appropriate option for
surgical reconstruction of the full clinical spectrum ofMLKIs.
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