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Abstract
Background Multiligament knee injuries, though rare, can
be profoundly disabling. Surgeons disagree about when to
initiate rehabilitation after surgical reconstruction due to
the conflicting priorities of postoperative stability and
motion.
Questions/purposes (1) Does early or late initiation of
physical therapy after multiligament knee surgery result
in fewer postoperative manipulations? (2) Does early
versus late physical therapy compromise stability post-
operatively? (3) Does early initiation of physical therapy
result in improved patient-reported outcomes, as

measured by the Multi-ligament Quality of Life (ML-
QOL) score?
Methods Between 2011 and 2016, 36 adults undergoing
multiligament repair or reconstruction were prospectively
enrolled in a randomized controlled trial and randomized 1:
1 to either early rehabilitation or late rehabilitation after
surgery. Eligibility included those with an injury to the
posterior cruciate ligament (PCL) and at least one other
ligament, as well as the ability to participate in early re-
habilitation. Patients who were obtunded or unable to ad-
here to the protocols for other reasons were excluded. Early
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rehabilitation consisted of initiating a standardized physi-
cal therapy protocol on postoperative day 1 involving re-
moval of the extension splint for quadriceps activation and
ROM exercises. Late rehabilitation consisted of full-time
immobilization in an extension splint for 3 weeks.
Following this 3-week period, both groups engaged in the
same standardized physical therapy protocol. All surgical
reconstructions were performed at a single center by one of
two fellowship-trained sports orthopaedic surgeons, and all
involved allograft Achilles tendon PCL reconstruction.
When possible, hamstring autograft was used for ACL and
medial collateral ligament reconstructions, whereas lateral
collateral ligament and posterolateral reconstruction was
performed primarily with allograft. The primary outcome
was the number of patients undergoing manipulation dur-
ing the first 6 months. Additional outcomes added after trial
registration were patient-reported quality of life scores
(ML-QOL) at 1 year and an objective assessment of laxity
through a physical examination and stress radiographs at 1
year. One patient from each group was not assessed for
laxity or ROM at 1 year, and one patient from each group
did not complete the ML-QOL questionnaires. No patient
crossover was observed.
Results With the numbers available, there was no differ-
ence in the use of knee manipulation during the first
6 months between the rehabilitation groups: 1 of 18 pa-
tients in the early group and 4 of 18 patients in the late
group (p = 0.34). Similarly, there were no differences in
knee ROM, stability, or patient-reported quality of life
(ML-QOL) between the groups at 1 year.
Conclusion With the numbers available in this study, we
were unable to demonstrate a difference between early and
late knee rehabilitation with regard to knee stiffness, laxity,
or patient-reported quality of life outcomes. The results of
this small, randomized pilot study suggest a potential role
for early rehabilitation after multiligament reconstruction
for knee dislocation, which should be further explored in
larger multi-institutional studies.
Level of Evidence Level II, therapeutic study.

Introduction

The treatment of the dislocated knee has been controver-
sial. Surgical versus nonoperative management, re-
construction versus repair of torn ligaments, and early
versus late surgery have all been subjects of debate [22, 26,
27]. However, several studies and systematic reviews have
shown that operative intervention of multiligamentous
knee injuries likely improves functional outcomes, with
uncertain effects on instability, return to activity, and ROM
[37, 39, 52, 54]. Likewise, anatomic reconstruction has
been suggested to be superior to repair of ACL, posterior
cruciate ligament (PCL), lateral collateral ligament (LCL),

and midsubstance medial collateral ligament (MCL) in-
juries in terms of stability, return to activity, and flexion
ROM [25, 30, 39]. However, evidence has emerged that
bony avulsions of the fibular head, PCL, and MCL are best
treated with repair [9, 16]. Still in question is whether a
period of strict immobilization or early functional re-
habilitation after multiligament knee surgery provides a
better balance between instability and stiffness [20, 28,
33, 46].

This desired balance between laxity and stiffness has
proven difficult to achieve after multiligament knee
surgery [47]. To mitigate the risk of attenuation of
reconstructed ligaments and resultant laxity, many
surgeons prescribe a period of knee immobilization and
nonweightbearing postoperatively, particularly after
all-allograft reconstructions [11-14, 18, 32, 49].
However, studies examining postoperative complica-
tions have demonstrated that loss of ROM and arthro-
fibrosis are both more prevalent and more disabling than
postoperative laxity [1, 3, 19, 29, 35, 36, 47, 48]. One
systematic review postulates that stiffness after multi-
ligament reconstruction could be caused or worsened
by a period of postoperative immobilization [33].
Excessive arthrofibrosis often results in additional
procedures, such as manipulation under anesthesia and
arthroscopic lysis of adhesions, which expose patients
to additional risks and further disability and increase
healthcare system costs [4, 41]. To better understand the
tradeoffs between early motion and immobilization in
the setting of multiligamentous knee injuries associated
with knee dislocation, we designed a randomized con-
trolled pilot study.

We asked: (1) Does early or late initiation of physical
therapy after multiligament knee surgery result in fewer
postoperative manipulations? (2) Does early versus late
physical therapy compromise stability postoperatively?
(3) Does early initiation of physical therapy result in
improved patient-reported outcomes, as measured by
the Multi-ligament Quality of Life (ML-QOL) score?

Patients and Methods

Patient Eligibility and Selection

Between June 2011 and December 2016 (67 months),
adults (older than 18 years) undergoingmultiligament knee
repair and/or reconstruction at a Level I trauma and tertiary
referral academic hospital were screened for eligibility for
our randomized controlled trial.

The inclusion criteria included MRI confirmation of a
high-grade multiligament knee injury involving the PCL
and, at a minimum, one other ligament treated with
surgical fixation. Patients were required to have been
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ambulatory without aids before their injury. When pos-
sible, patients were encouraged to obtain full extension
and 90° flexion before surgery. Patients were excluded if
they had concurrent injuries or postinjury deficits
impairing rehabilitation, ipsilateral vascular injuries
treated with repair, or previous surgery of the affected
knee.

Over the 67 months during which the study was active,
82 patients were assessed for eligibility. Fifty-six percent
(46 of 82) of the patients were excluded. Themost common
reasons for exclusion were no PCL injury (nine patients),
associated fracture (eight patients), and concomitant vas-
cular injury (six patients). Two patients refused participa-
tion (Fig. 1). This resulted in 36 patients being randomized,
with 18 in each group.

Study Size and Randomization

Given the paucity of quality data describing the need for
manipulation after modern multiligament knee re-
construction at the time of study design, we conducted a

sample size calculation based on unpublished data
from a survey of knee dislocation experts [27] at the
2010 Knee Dislocation Study Group meeting. The
minimal clinically important reduction in manipulation
was set to 40%, with an alpha of 0.05 and a power of 0.8,
resulting in a targeted sample size of 35 patients per
group after accounting for loss to follow-up. Because of
the challenges with recruiting patients with these rare
injuries, enrollment was stopped after 5 years, with 36
included patients and the study was analyzed as pilot-
level data to inform future research.

Eligible patients were approached, provided informed
consent, and were randomized at the time of the operation
(via permuted blocks of varying size between two and four)
in a 1:1 fashion to either early rehabilitation or late re-
habilitation (Fig. 2). Thirty-five patients underwent re-
construction for ligamentous tears, and one patient in the
early rehabilitation group underwent fixation of PCL
avulsion. With the numbers available, we observed no
differences between the groups with respect to age, gender,
BMI, or Schenck injury classification (Table 1). Patient
demographics and injury characteristics were collected

Fig. 1 This CONSORT diagram shows how patients were selected for inclusion in this study; PCL = posterior
cruciate ligament; HTO = high tibial osteotomy.
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preoperatively (see Table 1; Supplemental Digital Content
1, http://links.lww.com/CORR/A533). Injuries were
graded using the Schenck Classification [42]. The
treating surgeon, outcome assessors, and data analysts
were blinded to the patients’ randomization (Fig. 1).

Surgery

All surgical interventions were performed at one tertiary
academic center by one of two fellowship-trained ortho-
paedic sports surgeons (DBW, AN [not a study author]).
High-grade ACL and PCL injuries, defined as those with
clinical laxity grading greater than 2 and/or MRI evidence
of complete tear, were reconstructed as single-bundle
constructs. A tendoachilles allograft with a retained cal-
caneal bone block was used for all PCL reconstructions.
ACL reconstructions were performed with hamstring
autograft when possible (94% [29 of 31] of patients). In
patients with injured hamstring tendons (one early re-
habilitation) or request for all-allograft reconstruction
(one late rehabilitation), a tendoachilles allograft was

used for ACL reconstruction. ACL and PCL grafts were
fixed primarily with an interference screw and secondarily
with sutures from the graft tied around a post on both the
femoral and tibial sides. Bony avulsions of the PCL were
fixed directly with screw fixation (one early re-
habilitation). MCL tibial avulsions were repaired using
suture anchors and a double-row technique (two early
rehabilitation and four late rehabilitation) [53]. MCL re-
construction was performed for midsubstance injuries or
femoral avulsions without bone involvement using a
hamstring autograft when possible (four early re-
habilitation, three late rehabilitation), occasionally from
the contralateral leg when the ipsilateral hamstring was
used for ACL reconstruction (n = 3). One patient’s MCL
was reconstructed using a tendoachilles allograft (early
rehabilitation). MCL grafts were fixed to the femur with
an interference screw for primary fixation and secondarily
using sutures from the graft tied around a post. On the
tibia, a screw-and-washer fixation method was used.
Bony avulsions of the LCL were primarily repaired using
imbricating and tensioning sutures to restore ligamentous
length and integrity and subsequently fixed to bone with

Fig. 2 This flowchart depicts postoperative restrictions and the physical therapy plan; PCL = posterior cruciate ligament;
POD = postoperative day.
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screws and soft-tissue washers (one late rehabilitation).
LCL reconstructions were performed using either poste-
rior tibial tendon allograft (seven early rehabilitation,
eight late rehabilitation) or tendoachilles allograft (five
early rehabilitation, three late rehabilitation), depending
on availability. The posterolateral corner was recon-
structed if a high-grade injury was confirmed via clinical
examination and/or MRI. A modified LaPrade technique
[43] using a single tendoachilles graft with bifid limbs was
used for this when required (10 early rehabilitation, four
late rehabilitation).

Perioperative Care

Patients received weight-based dosing of an appropriate
antibiotic before surgical incisions in accordance with our
institutional guidelines on surgical prophylaxis. All pa-
tients were admitted to the hospital postoperatively.
Intravenous antibiotics were continued for 24 hours post-
operatively. Patients were subsequently transitioned to oral
antibiotics for 7 days of total coverage, as has been
described elsewhere [15]. All patients were given weight-
based dosing of subcutaneous low-molecular-weight hep-
arin as prophylaxis against deep vein thrombosis while in
the hospital and following discharge for 3 weeks of total
therapy. All patients were placed in a removable extension
splint with a foam pad located posteriorly under the tibia
for PCL support postoperatively. All patients were seen
daily by the inpatient physical therapy department for ex-
ercise initiation (early rehabilitation group) and/or crutch
training (both groups). Patients were discharged on post-
operative day 2 or 3.

Rehabilitation Interventions

Early Rehabilitation

Patients began physical therapy on postoperative day 1 as an
inpatient and were instructed to continue with in-person
sessions at an outpatient center of their choice after discharge
for a minimum of twice per week for the first 6 weeks and
weekly thereafter. Patients were made touch weightbearing
(foot flat, heel to toe gait) from weeks 0 to 3 in their ex-
tension splint and were permitted to remove the splint for
passive ROM from 0° to 70° in the prone position (Fig. 2).
This advanced in weeks 3 to 6 to partial weightbearing
(20%-30%) and active and passive assisted ROM of 0° to
90° (still prone). During weeks 6 to 12, patients advanced to
full weightbearing and were permitted unrestricted ROM in
the supine position. A strengthening phase was initiated,
predominantly with quadriceps activation. Hamstring acti-
vationwas restricted until 12weeks.After 3months, patients
worked on progressive strengthening activities and a grad-
uated return to sports (Fig. 2).We ensured continuity and the
patient’s adherence to physical therapy as an outpatient by
requiring the first session to be arranged before hospital
discharge, and we reviewed physical therapy notes at each
follow-up appointment.

Late Rehabilitation

Patients were immobilized for 3 weeks postoperatively in a
knee extension splint at all times and were allowed only
touchweightbearing (foot flat, heel to toe gait), and noROM
or muscle activation was permitted to ensure compliance

Table 1. Demographic and injury characteristics of the early rehabilitation and late rehabilitation groups

Demographic and injury factors
Early rehabilitation

(n = 18)
Late rehabilitation

(n = 18) p value

Age in years 36 6 12 36 6 12 0.89a

Sex (male:female) 12:6 16:2 0.11b

BMI in kg/m2 30 6 7 28 6 5 0.20a

Side (left:right) 8:10 6:12 0.59c

Dislocation direction (medial: lateral: direct AP) 6:11:1 6:11:1 > 0.99b

Mechanism of injury (sports:low-energy:high-energy) 9:1:7 9:3:6 0.72c

Schenck classification (1:2:3:4:5) 3:0:15:1:0 2:0:14:1:0 0.70d

Days to surgery 25 (18-146) 19 (13-30) 0.12e

Data presented as mean 6 SD or median (IQR).
at-test.
bFisher exact test.
cChi-square test.
dKruskal-Wallis test.
eMann-Whitney U test.
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with full-time bracing. At 3 weeks postoperatively, patients
began physical therapy at an outpatient center of their
choice, for a minimum of two in-person sessions per week
for the next 3 weeks and weekly thereafter (Fig. 2). This
portion of the rehabilitation was identical to that of the early
rehabilitation group, with patients permitted to remove their
extension splint for exercises. We ensured that patients ini-
tiated and adhered to physical therapy as an outpatient by
requiring the first session to be arranged before hospital
discharge, and we reviewed physical therapy notes at each
follow-up appointment.

Outcomes, Follow-up, and Data Acquisition

Follow-up appointments were scheduled as per typical
practice at the 2-week, 6-week, 3-month, 6-month, 1-
year, and 2-year postoperative timepoints. The 2-week
appointment was a wound check and adverse event
screen performed by the treating surgeon. An unblinded
member of the team (an orthopaedic resident or fellow)
screened physiotherapy notes at the 2- and 6-week ap-
pointments to assess for adherence and crossover. No
crossover was observed between groups. From week 6
onward, ROM was assessed by a blinded advanced-
practice physiotherapist at each clinic visit via goniom-
eter measurement.

The primary outcome was manipulation under anes-
thesia or revision surgery. At the 3-month and 6-month
follow-up appointments, patients were assessed to de-
termine whether they should undergo manipulation, which
included manipulation under anesthesia and arthroscopic
debridement of arthrofibrosis. Objective indications for
manipulation included any of the following: < 90° of
flexion, > 10° of extension loss, and < 90° total arc of
motion. Manipulation and arthroscopic debridement were
recommended for patients meeting any of these indications
at either the 3-month or 6-month appointment.

We added secondary endpoints including ROM, injury-
specific patient-reported QOL, and clinically and radio-
graphically graded stability after trial registration but before
patient enrollment. For patient-reported outcomes, we used
the ML-QOL tool, which is a reliable, validated, injury-
specific patient questionnaire that consists of four domains
to capture the multifaceted impact a knee dislocation can
have on patients: physical impairments, emotional impair-
ments, activity limitations, and societal involvement [5].
Scores were recorded at the 1-year follow-up visit.

At 1 year postoperatively, varus and valgus stress ra-
diographs of the operated-on knee were obtained to assess
coronal laxity, as previously described [23, 24, 31]. Sagittal
laxity was assessed with Lachman and posterior drawer
physical examinationmaneuvers. Stability was assessed by
the treating surgeon, who was also blinded.

Complications including mortality, performance of re-
vision surgery, deep venous thrombosis, or deep infection
resulting in irrigation and debridement were recorded at
each follow-up visit.

All 36 patients were assessed for the primary outcome
of the study—performance of manipulation at 3 months
and 6 months without any loss to follow-up. One patient
in each group did not complete the ML-QOL question-
naires, and one patient from each group did not undergo
assessment of their ROM or clinical laxity at 1 year
postoperatively. There were no recorded major post-
operative complications at 1 year, other than the docu-
mented need for manipulation.

Ethical Approval

The study was approved by the research ethics board (REB)
at our home institution and registered at Clinicaltrials.gov
with the identifier NCT01296750. Initial trial registration
specified the primary outcome as manipulation within
6 months. The secondary outcomes of ROM, injury-
specific patient-reported QOL, and clinical and radio-
graphic laxity were added after trial registry but before en-
rollment of the first patient (March 2012). All amendments
were submitted and approved by our institutional REB.

Statistical Analysis

The statistical analyses were performed using SAS version
9.4 (SAS Institute Inc). All tests were two-sided, with p
values of < 0.05 considered statistically significant.

Descriptive statistics were used to summarize patient
demographics as well as injury and surgical characteristics.
Categorical variables are presented as counts. Continuous
variables were evaluated for normality using a visual in-
spection of histograms and the Komolgorov-Smirnov test of
normality. Continuous variables with highly skewed distri-
butions are presented as medians and interquartile ranges.
Continuous variables with normal distributions are pre-
sented as means with SDs. Between-group differences were
evaluated using univariate analyses. Categorical variables
were assessed using the chi-square or the Fisher exact test
where appropriate. Continuous variables were assessed us-
ing two-tailed t-tests or the Mann-Whitney U tests where
appropriate, based on distribution. Ordinal variables were
assessed using the Kruskal-Wallis tests.

Outcomes were evaluated similarly. Categorical vari-
ables were assessed using the chi-square or the Fisher exact
test where appropriate. Continuous variables were assessed
using two-tailed t-tests or Mann-Whitney U tests where
appropriate, based on distribution. Ordinal variables were
assessed using the Kruskal-Wallis tests.
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Results

Timing of Initiation of Rehabilitation and
Postoperative Manipulations

With the numbers available, there were no differences
between the groups in terms of the proportion of patients
who underwent manipulation under anesthesia after the
index reconstructive procedure. In the early rehabilitation
group, 1 of 18 patients underwent manipulation (6% [95%
CI 0% to 27%]) and in the late rehabilitation group, 4 of 18
patients did (22% [95% CI 6% to 48%]; p = 0.34).
However, we acknowledge that we were underpowered on
the important findings of this study.

Timing of Rehabilitation and Knee Stability

In this small study, there was no difference in knee laxity on
physical examination for ACL (early rehabilitation median
[range] grading 1 [0 to 1]; late rehabilitation median grading
1 (0 to 2); median difference 0; p = 0.82) and PCL recon-
structions (early rehabilitationmedian grading 1 [0 to 3]; late
rehabilitation median grading 1 [0 to 2]; median difference
0; p = 0.96) (Table 2). Likewise, coronal-plane stress ra-
diographs did not demonstrate any difference between the
early rehabilitation and late rehabilitation groups in terms of
varus stress for lateral-sided injuries (early rehabilitation
mean 16 4 mm; late rehabilitation mean 2 6 3 mm; mean
difference -1 mm [95%CI -4 to 2]; p = 0.58) or valgus stress

Table 2. Outcomes of the early rehabilitation and late rehabilitation groups

Outcome

Early
rehabilitation

(n = 18)

Late
rehabilitation

(n = 18)
Difference of medians or mean

difference (95% CI)
p

value

Manipulation 0.34b

Yes 1 4

No 17 14

ACL grade

0 6 8

1 11 7

2 0 2 0 (0-0) 0.82c

3 0 0

4 0 0

PCL grade

0 7 7

1 7 7

2 2 3 0 (-1 to 1) 0.96c

3 1 0

4 0 0

ROM in degrees 130 6 8 129 6 10 1 (-5 to 7) 0.77d

Flexion deficita in degrees 5 (5-10) 5 (0-10) 0 (-5 to 5) 0.74e

Extension deficita in degrees 2 (1-5) 0 (0-2) 2 (0-2) 0.18e

Varus stress radiography (lateral injury)a

in millimeters
1 6 4 2 6 3 -1 (-4 to 2) 0.58d

Valgus stress radiography (medial injury)a

in millimeters
0 6 1 0 6 2 0 (-2 to 3) 0.93d

ML-QOL physical impairments 15.8 (9.2-23.7) 21.1 (7.9-33.6) -5.3 (-14.5 to 7.9) 0.58e

ML-QOL emotional impairments 35.0 (11.7-41.7) 28.3 (15.0-50.0) 6.7 (-12.9 to 20.0) 0.80e

ML-QOL activity limitations 18.8 (8.3-29.2) 27.1 (16.7-33.3) -8.3 (-16.7 to 4.2) 0.24e

ML-QOL societal involvement 20.8 (8.3-25.0) 22 (16.7-33.3) -1.2 (-16.7 to 12.5) 0.46e

Data presented as mean 6 SD or median (IQR).
aCompared with contralateral leg.
bFisher exact test.
cKruskal-Wallis test.
dt-test.
eMann-Whitney U test.
95% CIs for Kruskal-Wallis and Mann Whitney-U tests generated using Hodges Lehmann estimation.
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for medial-sided injuries (early rehabilitation mean 0 6 1
mm; late rehabilitation mean 0 6 2 mm; mean difference
0mm [95%CI -2 to 3]; p = 0.93) (Fig. 3). Patient-level stress
radiograph data for lateral-sided injuries were reported
specifically for clarity (see Table 2; Supplemental Digital
Content 2, http://links.lww.com/CORR/A534). We found
no differences in total ROM (early rehabilitation mean 130°
6 8°; late rehabilitation mean 129°6 10°; mean difference
1° [95% CI -5° to 7°]; p = 0.77), flexion deficits (early
rehabilitation median 5° [IQR 5° to 10°]; late rehabilitation
median 5° [IQR 0° to 10°]; median difference 0°; p = 0.74),
or extension deficits (early rehabilitation median 2° [IQR 1°
to 5°]; late rehabilitation median 0° [IQR 0° to 2°]; median
difference 2°; p = 0.18) between the two groups, compared
with the contralateral leg (Table 2). With regard to this
secondary outcome, one patient from each group did not
undergo an assessment of ROM or stability.

Timing of Rehabilitation and Patient-reported Outcomes
(ML-QOL Scores)

At 1 year, there was no difference between the treatment
groups with respect to the fourML-QOL domains: physical

impairments (early rehabilitation median 16 [IQR 9 to 24];
late rehabilitation median 21 [IQR 8 to 34]; median dif-
ference -5; p = 0.58), emotional impairments (early re-
habilitation median 35 [IQR 12 to 42]; late rehabilitation
median 28 [IQR 15 to 50]; median difference 7; p = 0.80),
activity limitations (early rehabilitation median 19 [IQR 8
to 29]; late rehabilitation median 27 [IQR 17 to 33]; median
difference -8; p = 0.24), and societal involvement (early
rehabilitation median 21 [IQR 8 to 25]; late rehabilitation
median 22 [IQR 17 to 33]; median difference -1; p = 0.46),
with the numbers available (Fig. 4). One patient from each
group did not complete theML-QOL by the final follow-up
visit at 24 months (Table 2).

Discussion

Rehabilitation after multiligament knee reconstruction for
knee dislocation provides significant challenges for both
patients and providers, as a balance between postoperative
stiffness and laxity is sought to provide optimal function.
Both excess stiffness or instability can be substantially
disabling and may be influenced by the timing of post-
operative physical therapy. We sought to establish whether

Fig. 3 This graph shows an assessment of coronal stability using varus and valgus
stress radiographs. Lateral-sided injuries were assessed with varus stress, and medial-
sided injuries were assessed with valgus stress. The total distance between the rele-
vant articular surfaces was measured and compared with that of the contralateral,
uninjured leg. Radiographs were taken at the 1-year follow-up visit by the primary
surgeon. Images were evaluated by a blinded assessor; ER = early rehabilitation; LR =
late rehabilitation.
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early rehabilitation or a period of immobilization followed
by rehabilitation resulted in improved outcomes after
multiligamentous knee reconstruction after dislocation.
With the numbers available, our study was unable to
demonstrate a difference in the performance of manipula-
tion, knee stability, or patient-reported outcomes between
these two approaches. This evidence suggests a potential
role for early rehabilitation in this complicated patient
population. Following this study, all multiligamentous
knee reconstruction patients operated on at our institution
are now treated with early physical therapy after surgery.

Limitations

Our study has a number of limitations. Due to challenges in
enrolling patients, the study was terminated prematurely,
and thus, our findings are potentially subject to Type II
error and are underpowered to evaluate our target out-
comes. In our findings, there was a proportional difference
of 17% when comparing the number of manipulations re-
quired between the late rehabilitation group (four) and the
early rehabilitation group (one). Based on our sample size
of 36 patients, a proportional difference of 47% between
groups would have been required to deem the two groups
different, with a power of 0.8. However, the similarities
between groups in the laxity and ROM findings at 1 year
suggest that even with an underpowered small sample, the
possibility of late rehabilitation resulting in a clinically
important benefit that warrants delaying physiotherapy is

less likely. We believe that viewing this study as a pilot
study will be helpful in determining the effect size and
providing a framework for future trials. A second limitation
of our study is the selection of our secondary outcomes
after registration of the trial protocol. Our initial registra-
tion did not include any intended secondary outcomes, and
the endpoints of ROM, clinical and radiographic laxity, and
injury-specific patient-reported quality of life were added
to the protocol after this due to their importance and rele-
vance to our study question. These were specified in pro-
tocol amendments and submitted to our institution’s REB
before enrollment of the first patient (March 2012). A
further limitation results from the use of unpublished expert
opinion survey data for our sample size calculation. This
was motivated by a lack of quality evidence at the time of
study creation reporting incidence of postoperative
arthrofibrosis in knee dislocation patients using modern
techniques. If a more accurate calculation could have been
performed, the feasibility of reaching our target enrollment
may have changed. Accordingly, the results of this pilot
study can be used in such a fashion for future trials eval-
uating knee dislocation patients with our reported post-
operative outcomes. The small sample size is also prone to
the potential limitations of heterogeneity between the two
groups. Although we did not observe baseline differences
in age, sex, BMI, injury classification, or method of re-
construction between the rehabilitation groups, it is diffi-
cult to say how minor or unmeasured differences between
these groups could have affected the outcome in a small
sample size. Our use of autograft in most reconstructions

Fig. 4 This graph demonstrates that there were no differences between early re-
habilitation and late rehabilitation regarding ML-QOL scores; ER = early rehabilitation;
LR = late rehabilitation.
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may impact the generalizability of these results to all-
allograft multiligament reconstructions, which could
have a different propensity for developing postoperative
arthrofibrosis, though this has not been evident in the evi-
dence [7, 44]. Furthermore, the conclusions of this study
might be limited by the follow-up duration because stress
radiographs and patient-reported outcomes were collected
at 1 year postoperatively. Although these short-term results
provide value, recovery from multiligament knee re-
construction is a lengthy process, and future studies with
longer-term follow-up will help strengthen our conclusions
and inform treatment.

Given the rare nature of this injury [34], a trial of ade-
quate power would likely require a multicenter, possibly
even international, design. To date, no such study has been
conducted in patients with multiligament knee injuries,
although the STaR Trial examining early and delayed
surgery is ongoing and may provide insights into the best
treatment of these patients (clinicaltrials.gov:
NCT03543098).

Timing of Initiation of Rehabilitation and
Postoperative Manipulations

With the numbers available, there was no difference in the
primary outcome of this study—the need for
manipulation—between early and late rehabilitation
groups. Previously, recommendations for rehabilitation
after multiligament knee reconstruction included immo-
bilizing the knee in full extension from 4 weeks to
12 weeks postoperatively to protect the reconstruction
[21, 40]. The motivation for this delay may have come in
part from a lack of confidence in fixation techniques, graft
size and structure, nonanatomic surgical reconstructions,
and the desire to have repaired and/or reconstructed ten-
dons provisionally heal before stressing the construct
[40]. In the current era of allograft use [38, 51], as well as
with the evolution of anatomic reconstruction techniques,
fixation devices, and an improved understanding of liga-
mentous healing [6], we suggest that many of these con-
cerns have been addressed. Therefore, we believe early
initiation of physical therapy can be explored in an effort
to reduce postoperative stiffness and improve outcomes.
This suggestion mirrors the evolution of other post-
operative knee protocols, such as in TKA and ACL re-
construction, which have progressively moved toward
early rehabilitation with mounting evidence for reduction
in stiffness and improved outcomes [2, 8, 45]. The less
than 6% rate of manipulation and a mean ROM arc of
130° in our early rehabilitation group is encouraging. Our
study, though small, provides a first step in establishing
evidence for early rehabilitation after multiligament knee
reconstruction.

Timing of Rehabilitation and Knee Stability

Despite challenges in obtaining an adequate sample size
and a resultant small study population, important second-
ary findings related to stability are to be highlighted. In our
study, early rehabilitation did not lead to worsened laxity in
either the sagittal or coronal planes, which is thought to be
the primary concern related to early initiation of physical
therapy in these patients [28]. However, even though the
measured laxity on varus stress radiographs for lateral-
sided injuries did not differ substantially in measures of
central tendency between groups, the range of values in the
early rehabilitation group was large (-5 to 8 mm).
Although this could be viewed as concerning for in-
stability, the early and late rehabilitation groups both had
three patients with more than 2 mm of increased laxity and
two patients with more than 4 mm of increased laxity on
stress radiographs. Thus, the lack of difference in coronal
laxity between the early and late rehabilitation groups,
particularly in those with medial-sided injuries, is also
reassuring to practitioners who wish to implement early
rehabilitation protocols in this high-risk group. This as-
sertion is further strengthened by the results of a meta-
analysis byMook et al. [33], which pooled knee dislocation
patients from observational studies with varied post-
operative protocols and demonstrated a reduction in co-
ronal laxity among those treated with early rehabilitation.
Taken together, this evidence tends to refute the notion that
early initiation of physical therapy after multiligament knee
reconstruction results in laxity. However, further research
with larger prospective studies is required to determine
whether early rehabilitation could improve stability, as
suggested by Mook et al. [33].

Timing of Rehabilitation and Patient-reported Outcomes
(ML-QOL Score)

In our small study, at 1 year after surgery, we found no
difference between early and late rehabilitation groups in
any of the four ML-QOL domains (physical impairments,
emotional impairments, activity limitations, and societal
involvement). Similar to our other outcomes, this study
was likely underpowered to accurately evaluate differences
between ML-QOL scores of the two treatment groups.
Despite this, our findings are consistent with a previous
study comparing pooled patient-reported outcomes across
studies with either early or late rehabilitation protocols after
multiligament reconstruction, which also found no differ-
ence between groups [33]. However, previous orthopaedic
studies have demonstrated improved patient-reported out-
comes with early initiation of physical therapy in total joint
arthroplasty [17], ankle ligament reconstruction [50], and
meniscal repair [10]. Further prospective studies
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examining the factors that affect patient quality of life after
multiligament knee injury, including postoperative re-
habilitation protocols, are needed.

Conclusion

With the numbers available in this study, we were unable to
demonstrate a difference between early and late knee re-
habilitation with regard to knee stiffness, laxity, or patient-
reported quality of life outcomes. The results of this small,
randomized pilot study suggest a potential role for early
rehabilitation after multiligament reconstruction for knee
dislocation, which should be further explored in larger
multiinstitutional studies.
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