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Background: There is no consensus regarding the management of posterior cruciate ligament (PCL) avulsion fractures and the
expected outcomes after treatment.

Purpose: To systematically review clinical outcomes and complications after management of tibial-sided avulsion fractures of the
PCL.

Study Design: Systematic review; Level of evidence, 4.

Methods: A literature search of Scopus, PubMed, Medline, and the Cochrane Central Register for Controlled Trials was performed
in accordance with the 2020 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Included
were studies with evidence levels 1 to 4 that reported clinical outcomes after treatment of PCL tibial-sided avulsion fractures in
humans. The quality of the included studies was performed using the Methodological Index for Non-Randomized Studies (MIN-
ORS) criteria. A meta-analysis was performed for patient-reported outcome measures using random-effects modeling with 95%
Cls.

Results: A total of 58 studies published between 1999 and 2022 were identified. The mean MINORS score was 9.90 + 4.12,
indicating overall low-quality evidence with high risk of bias. The studies comprised 1440 patients (mean age, 32.59 + 5.69 years;
75.2% males) with a mean follow-up of 26.9 + 19.6 months (range, 5.3-126 months). Most patients were treated with open surgery
(63.6%), followed by arthroscopic surgery (29.7%) and nonoperative treatment (6.7%). All patients reported significant post-
treatment improvement in both subjective and objective outcomes (P < .05 for all). Arthroscopic surgery was associated with lower
postoperative posterior tibial translation compared with open surgery (range, 0.6-3.2 vs 1.7-3.1 mm), greater preoperative to
postoperative improvement in Lysholm score (54.6 vs 48.8; P < .0001), higher postoperative Tegner score (6.64 + 1.03 vs 6.14 +
2.29; P = .0448), and a higher rate of return to sport (100% vs 89.5%; P = .009). Nonoperative management was associated with a
significantly lower fracture union rate (87% vs 99.1%; P < .0001) and greater postoperative side-to-side posterior translation (4.9 +
4.3 mm) when compared with operative management.

Conclusion: Although nonoperative and surgical management of PCL tibial avulsion fractures resulted in high rates of fracture
union and improvement in functional outcome scores and a low incidence of complications, nonoperative treatment yielded a high
side-to-side posterior displacement (>4 mm) with a lower rate of fracture union compared to surgical treatment.
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The posterior cruciate ligament (PCL) is the strongest lig-
ament of the knee, serving as the main stabilizer against
posterior translation of the tibia, as well as rotational sta-
bility beyond 90° of knee flexion.?”*” PCL injuries occur
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most commonly through posterior-directed forces applied
to the tibia, such as motor vehicle dashboard injuries and
sports-related mechanisms.?® While the majority of PCL
injuries are intrasubstance tears, a small subset of injuries
involve avulsion fractures off the femoral or tibial
attachment.?®

PCL avulsion fractures occur most commonly at the tib-
ial origin via mechanisms comparable to those resulting in
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intrasubstance tears.?® PCL avulsion fractures at the femoral
attachment are much less common than tibial-sided avulsion
fractures and have only been reported in a limited number of
case reports.2®*14® While most avulsion fractures are iso-
lated, Hooper et al found that 16.8% of PCL avulsion frac-
tures involved concomitant meniscal injuries and 19.1% of
patients sustained other concomitant ligamentous injuries.>!
If unrecognized or untreated, PCL avulsion fractures may
lead to persistent instability and pain due to fracture malu-
nion/nonunion.?® Historically, open reduction and internal
fixation (ORIF) has represented the gold-standard treatment
due to unsatisfactory outcomes in patients undergoing non-
operative management. However, advancement in arthro-
scopic techniques and instrumentation have resulted in
arthroscopic approaches becoming increasingly utilized,
allowing for improved visualization of the avulsion fracture
and treatment of concomitant injuries, despite possessing a
steeper learning curve.*?! As such, the ideal treatment and
surgical approach for PCL avulsion fractures remains
controversial.

The purpose of this study was to systematically review
and perform a meta-analysis evaluating outcomes and com-
plications after management of tibial-sided PCL avulsion
fractures. We hypothesized that PCL avulsion fractures
treated with operative management would lead to higher
rates of fracture union and improved patient outcomes
when compared to patients treated nonoperatively, with
no differences in outcomes between patients treated using
an open versus arthroscopic approach.

METHODS
Search Strategy

A systematic review was conducted in accordance with the
2020 Preferred Reporting Items for Systematic Reviews
and Meta Analyses (PRISMA) guidelines.** A literature
search was conducted to identify studies reporting on
patient outcomes and complications after nonoperative or
surgical treatment for PCL tibial avulsion fractures by que-
rying PubMed, Medline, Scopus, the Cochrane Database for
Systematic Review, and the Cochrane Central Register for
Controlled Trials databases from inception through Decem-
ber 15, 2022. The search included the following keywords
combined with Boolean operators: “PCL”; “Posterior Cruci-

”, &

ate Ligament”; “Avulsion”; “Fracture”; “Injury”; “Open”;
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“Arthroscopic”; “Screw”; “Suture”; “Fixation”; “Tibial;
“Insertion”; “Outcomes”; “Approach”; “Reduction”;
“Surgical”; “Operative”; “Nonoperative”; “Conservative”;
and “Displaced.”

Eligibility Criteria

Inclusion criteria consisted of studies with evidence levels
from 1 to 4 that were available in English and that reported
patient outcomes and complications after either nonopera-
tive or surgical treatment for PCL tibial avulsion fractures.
Exclusion criteria consisted of non—English language stud-
ies, review articles, editorial commentaries, case reports,
biomechanical studies, epidemiological and database stud-
ies, studies reporting on patients with PCL avulsion frac-
tures at the femoral insertion, studies with overlapping
patient datasets (study with most recent mean follow-up
was retained), and studies not reporting on outcomes after
management of PCL avulsion fractures.

Two authors (V.G. and F.J.C.) independently conducted
an initial title and abstract screening followed by a full-text
screening to determine whether studies satisfied inclusion
or exclusion criteria. A third independent author (E.S.M.)
was consulted to discuss and resolve any disagreements,
during which time no disagreements were encountered.
Reference lists from the included studies were examined
to ensure that all relevant articles meeting inclusion crite-
ria were included in this systematic review.

Data Extraction

Data were extracted from the included studies and entered
into a Microsoft Excel spreadsheet (Version 2207; Microsoft).
Study characteristics from each article were extracted,
including level of evidence, number of patients, patient demo-
graphics (age, sex), mechanism of injury, mean follow-up, and
time from injury to treatment. Intraoperative data were gath-
ered and included surgical approach (open vs arthroscopic),
fixation method, mean operative time, and mean blood loss.
Preoperative and final follow-up outcome measures including
Lysholm scores, subjective and objective International Knee
Documentation Committee (IKDC) scores, Tegner scores,
posterior drawer testing, posterior translation distance and
range of motion (ROM) were recorded, as well as fracture
union (confirmed by radiographs), time to union, and
complications.
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Data and Statistical Analysis

Weighted means of intraoperative characteristics and clin-
ical outcomes at final follow-up were calculated for the com-
bined population of all included patients as well as
subgroup analyses based on treatment approach (open sur-
gery vs arthroscopic surgery vs nonoperative treatment).
Mean improvement calculations from preoperative to post-
operative levels of the gathered clinical outcomes were
inputted into random-effects models, and forest plots were
produced using Open Meta-Analyst (Version 12.11.14;
Tufts University).®® When 2 or more studies included mean
improvement data, subgroup analyses were performed
comparing outcomes between open and arthroscopic treat-
ment approaches. Random-effects models produced
weighted means for continuous variables and weighted pro-
portions for discrete variables. All forest plots included 95%
CIs and I? values for heterogeneity. A two-tailed Z test of
proportions or ¢ test of means was used to determine if there
was any significant difference between treatment
approaches. Statistical significance was set to P < .05.

Risk-of-Bias Assessment

To minimize bias, a methodological quality assessment was
performed on all included studies by 2 authors (V.G. and
F.J.C.) independently using the Methodological Index for
Non-Randomized Studies (MINORS) criteria. Any dis-
agreements were resolved by a third investigator (E.S.M.).

RESULTS

The initial literature search identified 3417 articles (Figure
1). After duplicates were removed, 1036 articles remained
and underwent full title and abstract screening. A total of
86 articles were then selected for full-text review. After full-
text review, 58 stu meeting the eligibility criteria were iden-
tified and included in this review (Appendix Table Al).

Patient Characteristics

A total of 1440 patients, 75% (1083/1440) of whom were
men, were included in this systematic review and meta-
analysis (Table 1). The mean patient age was 32.6 £ 5.7
years (range, 22-50.5 years). Mean patient follow-up was
26.9 £+ 19.6 months (55 studies, 1406 patients; range, 5.3-
126 months). Mechanisms of injury were reported in 50
studies (1186 patients), with the most common mechanisms
being motor-vehicle accidents (65.1%, 773/1186 patients)
followed by sports injuries (17.7%, 210/1186 patients) and
falls (9.6%, 114/1186 patients). When evaluating treat-
ment, 93% (1344/1440) of patients underwent operative
management, with 63.6% (916/1440) undergoing open sur-
gery, while 29.7% (428/1440) underwent arthroscopic sur-
gery. Nonoperative management was performed in 6.7%
(96/1440) of patients. Patients undergoing open surgery
were most commonly treated using screw and washer fixa-
tion (48.2%, 405/841 patients), whereas patients who
underwent arthroscopic surgery were treated most
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Figure 1. Preferred Reporting ltems for Systematic Review
and Meta-Analyses (PRISMA) diagram. PCL, posterior cruci-
ate ligament.

TABLE 1
Patient Characteristics (N = 1440 Patients)”

Characteristic® Value
Age, y, mean + SD 32.59 + 5.69
Sex

Male 1083 (75.2)

Female 356 (24.7)
Injury mechanism (n = 1186)

Motor vehicle accident 773 (65.1)

Sports injury 210 (17.7)

Fall 114 (9.6)

Bicycle/tricycle accident 50 (4.2)

Other 39 (3.3)
Treatment

Open surgery 916 (63.6)

Arthroscopic surgery 428 (29.7)

Nonoperative 96 (6.7)
Fixation: open surgery (n = 841)

Screw + washer 405 (48.2)

Screw 168 (20.0)

Plate + screw 120 (14.3)

Other 148 (17.6)
Fixation: arthroscopic surgery (n = 426)

Transtibial pull-out 402 (94.4%)

Screw 22 (5.2)

Other 2 (0.5)

“Data are shown as n (%) unless otherwise indicated.
bSample sizes other than 1440 patients are indicated in paren-
theses.

commonly using transtibial pull-out fixation (94.3%, 402/
426 patients) (Table 1). All patients treated nonopera-
tively®>4%647 ynderwent a period of immobilization via
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Studies Estimate (95% C.

Chen'W. 2012 51.500 (49.40&, 53.
Chen 2016 68.300 (61.806, 74.
Deng 2020 41.000 (36.387, 45.
Joseph 2019 19.500 (14.129, 24.
Joshi 2017 94.000 (88 ER
Keyhani 2022 48.300 (46 + 50
Sabat 2016 (Open Group) 59.500 (55.220, 6€3.
Singla 2014 13.450 (10.228, 186
Zhang 2022 (Open Group) 44.700 (42.493, 46.
Subgroup Open (142=99.13 % , P=0.000) 48.834 (37.392, €0.
Bi 2020 40.750 (35.902, 45
Sabat 2016 (Arthroscopic Group) 57.400 (52.312, 62.
‘Yoon 2018 50.000 (44.835, 55,
Zhang 2022 (Arthroscopic Group) 46.800 (43.200, 50.
Zheng 2021 76.200 (73.515, 78.
Zhu 2017 56.300 (53.435, 59.
Subgroup Arthroscopic (1*2=98.16 % , P=0.000) 54.642 (43.377, 65.
Overall (1*2=98.99 % , P=0.000) 51.146 (42.592, 59.
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Figure 2. Forest plot showing mean improvement in Lysholm scores from preoperative to postoperative levels in patients treated

for posterior cruciate ligament avulsion fractures.

casting ranging from 4 weeks® to 8 weeks,*° often followed
by a hinged brace®”! and ROM exercises®®"! until patients
achieved full flexion and full weightbearing.

Surgery Characteristics

Operative time was reported in 27 studies, with an overall
mean time of 50.1 + 16.9 minutes (range, 22-96.8 minutes).
When reported, patients undergoing an open approach (18
studies, n = 440 patients) reported a significantly lower
mean operative time (46.2 £ 17.5 minutes; range, 22-96.8
minutes) when compared with patients who underwent an
arthroscopic approach (9 studies, n = 180 patients; 59.7 +
11.9 minutes; range, 35-70.5 minutes; P < .0001).

Fracture Healing Outcomes

Fracture healing assessed by radiographs was reported in
49 studies (1198 patients). The overall healing rate was
98.7% of patients (1182/1198; range, 33.3%-100%). Surgi-
cally treated PCL avulsion fractures were found to have a
significantly higher fracture union rate (99.1%, 1142/1152)
compared with those treated conservatively (87.0%, 40/46;
P < .00001). There was no significant difference in fracture
union rate in patients treated with an open approach
(99.0%, 723/730) versus arthroscopic approach (99.3%,
419/422; P = .603). The mean time to achieve fracture union
was 11.5 + 4.6 weeks, reported in 20 studies (n = 450
patients). No significant difference in time to achieve frac-
ture union was found between open (11.53 £ 5.19 weeks,
344 patients) and arthroscopic management (11.30 + 2.87
weeks, 106 patients; P = .663).

Lysholm Score

The postoperative Lysholm score was reported in 37 studies
(989 patients), with a mean score at final follow-up of 92.4 +
5.2 (range, 81.5-97.4). Patients treated with open surgery
(n = 523) reported a mean postoperative Lysholm score of

91.6 + 4.2 (range, 81.5-95.63), whereas patients treated
with arthroscopic surgery (n = 396) reported a mean score
0f 93.6 + 6.6 (range, 82-97.4). Seventy patients treated non-
operatively reported a mean Lysholm score of 91.3 + 1.63
(range, 90-92.3). Random-effects models demonstrated a
48.8-point improvement [95% CI, 37.4-60.3] from preoper-
ative to postoperative Lysholm scores in patients undergo-
ing open surgery (P = .724), which was significantly lower
than the 54.6-point improvement (95% CI, 43.38-65.91) in
patients undergoing arthroscopic surgery (P < .0001) (Fig-
ure 2).

IKDC Score

Subjective IKDC scores were reported in 13 studies (269
patients), with a mean score at final follow-up of 87.3 +
5.7 (range, 58.1-97.1). The mean postoperative subjective
IKDC score was 86.9 + 2.9 (range, 78.1-90.2) for patients
treated with open surgery (79 patients) and 89.2 + 4.3
(range, 58.1-97.1) for patients undergoing arthroscopic sur-
gery (160 patients), 30 patients were treated nonopera-
tively. Random-effects models demonstrated a 43.7-point
improvement in subjective IKDC scores from preoperative
to postoperative levels, with no significant difference in
patients undergoing arthroscopic surgery and open surgery
(P = .774) (Figure 3). Regarding the objective IKDC of
patients who underwent surgical treatment (88 patients,
3 studies), a random-effects model demonstrated that sur-
gical treatment resulted in significantly increased odds of
achieving “normal” or “near-normal” IKDC grades (defined
as grades A and B, respectively) (Figure 4).

Posterior Tibial Translation

Side-to-side differences in postoperative posterior tibial
translation (PTT) were reported in 13 studies (296
patients). PTT was measured with a KT-1000 in 6 stud-
ies,>" 11187376 KT.2000 in 4 studies,”®**%70 “KT-3000”
in 1 study,”® or Telos stress device in 2 studies.’*"! For
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Keyhani 2022

Zhang 2022 (Open Group)

Subgroup Open (142=98.28 % , P=0.000) 3

Bi 2020 3
Zhang 2022 (Arthroscopic Group) 3
Zheng 2021 7
Zhu 2017 37.2

Subgroup Arthroscopic (1*2=99.56 % , P=0.000) 4
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Figure 3. Forest plot showing mean improvement in IKDC subjective scores from preoperative to postoperative levels in patients
treated for posterior cruciate ligament avulsion fractures. IKDC, International Knee Documentation Committee.

Studies Estimate (35%
Chen 2015 0.957 (0.872
Chen SY 2012 0.892 (0.7

Zheng 2021 0.968 (0.905, 1.030)

Overall (1*2=0 % , P=0.451) 0.950 (0.304, 0.995)

Postoperative
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Figure 4. Forest plot showing risk difference in achieving “normal” (grade A) or “near-normal” (grade B) IKDC objective scores in
preoperative versus postoperative levels in patients treated for posterior cruciate ligament avulsion fractures. IKDC, International

Knee Documentation Committee.

patients undergoing arthroscopic surgery (185 patients),
postoperative PTT ranged from 0.6 to 3.2 mm. For patients
undergoing open surgery (81 patients), postoperative PTT
ranged from 1.7 to 3.1 mm. One study reported on postop-
erative PTT after nonoperative treatment (30 patients),

with a PTT of 4.9 + 4.3 mm.”*

Posterior Drawer

Postoperative posterior drawer examination results were
reported in 34 studies comprising 804 patients. A negative
or grade 1 posterior drawer was reported in 91.8% of
patients (738/804) at final follow-up. Of the patients under-
going open surgery, 90.3% (438/485) reported a negative or
grade 1 postoperative posterior drawer test compared with
94.0% (300/319) of patients undergoing arthroscopic sur-
gery (P = .061). Random-effects models found a 0.887 risk
difference in favor of achieving a negative or grade 1 pos-
terior drawer test postoperatively in patients who under-
went surgical treatment, with no significant difference
between open and arthroscopic surgery (P = .803) (Figure

5).

Range of Motion

Full knee ROM was achieved in 95.5% (557/583 patients;
range, 82.6%-100%; n = 26 studies) of patients at final
follow-up. There was no significant difference in the per-
centage of patients achieving full ROM between open sur-
gery (96.6%, 365/378 patients; range, 82.6%-100%) and
arthroscopic surgery (93.7%, 192/205 patients; range,

84.6%-100%; P = .103). Random-effects

models

demonstrated a mean improvement of 67.57° in ROM from
preoperative to postoperative measurements, with no dif-
ference in open versus arthroscopic surgery (P = .341) (Fig-
ure 6).

Tegner Score

Tegner scores were reported in 9 studies. At final follow-up,
the mean postoperative Tegner score was 6.40 + 1.31 (9
studies, 228 patients). The mean postoperative Tegner
score was 6.14 + 2.29 for patients undergoing open surgery
(n = 34) which was significantly lower than for patients
undergoing arthroscopic surgery (6.64 + 1.03, n = 164;
P = .0448). Random-effects models demonstrated a
3.93-point improvement in Tegner score from preoperative
to postoperative levels (Figure 7).

Return to Preinjury Level

Return to preinjury level of activity, including daily living,
work, and sport, was reported in 10 studies consisting of
256 patients undergoing surgical treatment. Moreover,
94.9% of patients (243/256) were able to return to preinjury
levels. The overall return to sport (RTS) rate was 96.0%
(97/101; range, 88-100%). The RTS rate for patients treated
with arthroscopic surgery (100%, 63/63) was significantly
higher than for patients treated with open surgery (89.5%,
34/38; range, 88.5%-91.6%; P = .009) (Figure 8). The return
to work rate for patients who underwent open surgery was
87.5% (28/32; range, 81.3%-100%). There were no return to
work data on patients who underwent arthroscopic
surgery.
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Studies Estimate (95% I Postoperat iv
Chen 1999 0.7€9 (0.531, 1.008) 10/12
Deng 2020 0.941 (0.828, 1.055) 16/16
Joshi 2017 0.933 (0.80S, 1.062) 14/14
Kashani 2007 0.852 (0.715, 0.588) 23/26
Sabat 2016 (Open Group) 0.714 (0.543, 0.885) 20/27
Singer 2015 0.941 (0.828, 1.055) 16/16
Zhang 2022 (Open Group) 0.929 (0.791, 1.086) 13/13
Subgroup Open (1*2=20.75 % , P=0.271) 0.892 (0.833, 0.951) 112/12
Bi 2020 0.308 (0.029, 0.587) 12/12
Chen 2015 0.957 (0.872, 1.041) 22/22
Chen SY. 2012 0.973 (0.920, 1.026) 36/36
Gui 2009 0.920 (0.812, 1.028) 24/24
Huang 2015 0.947 (0.846, 1.049) 18/18
Kim 2001 0.933 (0.805, 1.062) 14/14
Sabat 2016 [Arthroscopic Group) 0.810 (0.637, 0.982) 17/20
Zhang 2022 (Arthroscopic Group) 0.929 (0.791, 1.066) 13/13
Zhao 2021 0.781 (0.679, 0.884) 50/63
Subgroup Arthroscopic (1°2=75.05 % , P=0.000) 0.883 (0.810, 0.955) 206/22
Overall (1°2=62.86 % , P=0.000) 0.887 (0.838, 0.936) 318/34
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Figure 5. Forest plot showing risk difference in posterior drawer grades in preoperative versus postoperative levels in patients

treated for posterior cruciate ligament avulsion fractures.
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Studies Estimate (95% C.

Deng 2020 76.810 (70.983, 82.
Joseph 2019 20.520 (7.094, 33.
Singla 2014 7.460 (4.057, 10.
Zhang 2022 (Open Group) 100.000 (96.957, 103.
Subgroup Open (12=99.82 % , P=0.000) 51.298 (-2.586, 105.
Bi 2020 23,900 (16.656, 31.
Yoon 2018 140.000 (137.413, 142.
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Figure 6. Forest plot showing mean improvement in range of motion from preoperative to postoperative in patients treated for

posterior cruciate ligament avulsion fractures.
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Figure 7. Forest plot showing mean improvement in Tegner scores from preoperative to postoperative levels in patients treated for

posterior cruciate ligament avulsion fractures.

Postoperative Complications

The overall complication rate in the pooled sample was
7.3%, as reported in 50 studies (90/1225 patients; range,
0%-31.0%). There was no significant difference in compli-
cation rates for patients undergoing surgical treatment
(7.2%, 83/1150 patients; range, 0%-31.0%) versus conserva-
tive treatment (7.8%, 7/90 patients; range, 5.0%-16.7%;
P = .834). In addition, no significant difference was found
in complication rate between open (6.8%; 49/722 patients;
range, 0%-31.0%) and arthroscopic surgery (8.2%; 34/413
patients; range 0%-30.4%; P = .384). The most reported
complication was motion deficit/arthrofibrosis (2.7%, 33

patients), pain and/or swelling (1.2%, 15 patients), failure
(defined as incomplete reduction or significant postopera-
tive instability [1.1%, 14 patients]), and infection (0.9%, 11
patients).

Risk-of-Bias Assessment

The mean MINORS score was 9.90 + 4.12 (range, 6-24)
(Appendix Table A2). For noncomparative studies (n =
53), the mean score was 8.39 + 1.79 (range, 6-14), while the
mean score for comparative studies (n = 9) was 18.11+3.44
(range, 15-24).
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Studies Estimate (95% C.I.)
Chen CHetal. 917 (0.760, 3)
Seitz et al 0.885 (0.762, 1.007)
Subgroup Open (1*2=0 % , P=0.752) 0.897 (0.800, 0.993)
Zhao D et al 0.992 (0.971, 1.014)

Subgroup Arthroscopic (I*2=NA , P=NA) 0.992

Overall (1"2=45.44 % , P=0.160) 0.956
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Figure 8. Forest plot showing return-to-sport rate in open versus arthroscopic surgical treatment for posterior cruciate ligament
avulsion fractures. Ev, number of patients returning to sport; NA, not applicable; trt, total patients.

DISCUSSION

The most important finding from this study was that sur-
gical treatment of PCL avulsion fractures achieves a high
rate of fracture union with excellent restoration of posterior
tibial translation. In addition, fracture union rates and
side-to-side differences in PTT were improved in operative
versus nonoperative management. This study suggests
that displaced PCL avulsion fractures treated with open
or arthroscopic surgery will lead to the best outcomes and
patient satisfaction.

The high union rate of conservative treatment may be
inflated due to variability in indications for surgical and
conservative treatment, with numerous studies requiring
at least 3 to 5 mm of displacement for surgery,®3852 while
conservative treatment may be suitable for nondisplaced
and minimally displaced fractures.?” Despite operative
management being indicated for greater displacement, we
found a significantly higher rate of fracture union for PCL
avulsion fractures treated surgically (99.1%) compared
with those treated conservatively (87.0%). Given that com-
plete PCL insufficiency is defined as PTT exceeding 8 mm®’
and PCL graft failure is PTT greater than 3.6 mm,'® oper-
ative management for PCL avulsion fractures was shown to
be quite effective at reducing PTT, while similar results
were not observed with conservative treatment.

Patients treated with open surgery most commonly
underwent screw and washer fixation, while patients trea-
ted arthroscopically typically had a transtibial suture pull-
out fixation. Several newly introduced arthroscopic fixation
techniques have been introduced including a cortical but-
ton fixation with a single tibial tunnel,®? suture bridge with
double tibial tunnels,”® and cross-linked pull-out sutures
with triple tibial tunnels.?? Further research is needed to
identify the optimal fixation method from a biomechanical
and clinical perspective. In addition, we found a signifi-
cantly longer mean operative time for arthroscopic surgery
compared with open surgery. The one randomized control
trial conducted from 2015 to 2017 included in this review
compared arthroscopic reduction and internal fixation
(ARIF) with ORIF.%2 No differences in clinical outcomes
were observed, but the ORIF group had a significantly
lower cost of surgery (ORIF, US $688 + $75.1; ARIF, US
$917.7 + $162.7) and a significantly shorter duration of
surgery (ORIF, 33.4 + 10.1 minutes; ARIF, 47.8 £ 17.9 min-
utes). A significant advantage of arthroscopic surgery is

smaller incisions leading to faster recovery, less pain, and
lower infection risk.'®3° Recovery time was not a variable
investigated given the nature of the follow-up of included
studies. However, we found no difference in fracture union
or complications between surgical approaches. Biomechan-
ical studies have shown equivalent outcomes in arthro-
scopic suture fixation and open screw fixation for PCL
avulsion fractures.'®%® We hypothesized that although dif-
ferences in posterior translation, Tegner score, and
Lysholm score were noted, the marginal differences found
in the meta-analysis were likely not clinically significant.

Significant improvements in Lysholm, IKDC subjective,
IKDC objective, Tegner, posterior translation side-to-side
difference, posterior drawer, and ROM were observed when
comparing preoperative to postoperative measurements.
The mean improvements exceeded the thresholds for the
minimal clinically important difference for IKDC subjective
score (16.7) and Lysholm score (8.9) for knee ligament inju-
ries.'® In addition, the mean improvement in Tegner score
exceeded the minimal detectable change of 1.*° The mean
postoperative IKDC subjective score was 87.3 £ 5.7, exceed-
ing the Patient Acceptable Symptom State of 75.9.1°

A systematic review conducted in 2017 by Hooper et al
evaluated outcomes of PCL avulsion fractures from 28 arti-
cles comprising 637 patients.?! The most significant find-
ings were higher subjective and objective knee outcome
scores, a higher return to preinjury level of activity, and
slightly higher rate of arthrofibrosis in patients treated
with arthroscopic surgery compared with open surgery.
The present systematic review and meta-analysis (58 stud-
ies, 1440 patients) found statistically significant differences
in mean improvement in Lysholm score and postoperative
Tegner scores between arthroscopic and open surgery
treatment groups, although likely not clinically significant.
Similar to Hooper et al, we found a significantly higher
return to preinjury level of activity, work, and sport in the
arthroscopic group (100%) compared with the open group
(89.5%). Hooper et al hypothesized this difference in return
to preinjury level of activity may be due to scar formation
from open surgery causing pain and impacting function in
athletes.?! Furthermore, damage to the posterior capsule
after open surgery may contribute to the greater PTT com-
pared with arthroscopic surgery.*® Although Hooper et al
reported a slightly higher rate of arthrofibrosis in patients
undergoing arthroscopic surgery, we found no significant
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difference in complication rates between arthroscopic sur-
gery, open surgery, or conservative treatment.

Limitations

This investigation is not without limitations. The vast
majority of included studies were of level 3 and 4 evidence.
Only 3 studies of level 2 evidence and 1 study of level 1
evidence were included in this review. The risk of bias
assessment produced a mean MINORS score of 9.90 +
4.12 of a possible 24 points, indicating poor quality evidence
with high risk of bias. The high risk of bias limits the
results of this meta-analysis given the low level of confi-
dence that the findings of the included studies represent
true treatment effects.%’> There was high heterogeneity in
the number of patients, mean follow-up, time from injury to
surgery, and the types of patient-reported outcome mea-
sures used. Although this investigation found no significant
overall difference across most outcome measures between
open and arthroscopic approaches, higher level prospective
studies are needed to clarify the costs and benefits of each
approach. The variable reporting of included studies makes
it difficult to investigate the possible advantages of an
arthroscopic approach when applied to treating PCL avul-
sion fractures, such as recovery time and overall patient
satisfaction. Moreover, the variable reporting of concomi-
tant injuries could greatly bias the outcome measures when
comparing open and arthroscopic approaches. Given the
high heterogeneity in studies and low level of evidence, it
is not possible to make a clinical recommendation regard-
ing the optimal surgical approach and fixation method.

CONCLUSION

Although nonoperative and surgical management of PCL
tibial avulsion fractures resulted in high rates of fracture
union and improvement in functional outcome scores and a
low incidence of complications, nonoperative treatment
yielded a high side-to-side posterior displacement (>4
mm) with a lower rate of fracture union compared to sur-
gical treatment.
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APPENDIX
TABLE Al
Overview of Included Studies®
Age, y,
Patients Mean + SD Surgical Approach/ Follow-up, Time from Injury to Surgery,

Study LOE (M/F), n (Range) Treatment Mean + SD (range) Mean + SD (Range)
Abdallah? 4 27 (21/6) — Open (min invasive) 51 wk (46-57 wk) 16 d (1-70 d)
Ali? 4 14 (13/1) 27 (19-35) Open 11 mo <3 wk
Bagherifard® 2 40 (36/4) 36.9+16.1 Nonop 12 mo —

(18-52)
Bali* 4 42 (30/12) 26 (14-53) Open 18 mo (10-40 mo) —
Bi® 4 12 (8/4) 38.9 + 8 (26-53) Arthrosc with autograft 34.4 mo (26-49 mo) 37.8+10.68d

augmented recon

Chen CH® 4 12 (8/4) 33.92 + 9.83 Open 18 mo (12-24 mo) 12.58 + 14.64 d

(20-53)
Chen LB 4 22 (20/2) 37 (20-55) Arthrosc 24.5 mo (19-28 mo) 13 d (8-34d)
Chen SY® 4 36 (24/12) 35.6 (18-65) Arthrosc 36 mo (24-45 mo) 5d(1-10 d)
Chen W° 4 21 (13/8) 41.5 (19-72) Open 14 mo (6-24 mo) —
Chen W'° 4 24 (15/9) 35.8 (12-68) Open 33.6 mo (24-60 mo) 2-7d
Chiarapattanakom!! 4 10 (6/4) 30 (15-43) Open 40 mo (22-58 mo) 10d (4-16 d)
Chiu2 4 28 (21/7) 29 (16-61) Open 56 mo (37-110 mo) 4 wk (3 d—2 mo)
Deng'* 4 16 (10/6) 38 (19-57) Open 24.1 mo (14-33 mo) —
Gavaskar!’ 4 22 (15/7) 34 (23-48) Open (min invasive) 29 mo (34-41 mo) 5d(1-14 d)
Gui'® 4 28 (19/9) 35.3 (21-64) Arthrosc 40 mo (26-61 mo) 3.4 (3-5d)
Huang?®? 3 18 (13/5) 28 (20-42) Arthrosc 34 mo (24-49 mo) 48d(1-74d)
Inoue?® 2 31 (6/25) 44 (17-59) Open 5.3+ 2.2 mo 7.76+3.5d
Jazayeri®* 4 28 (25/3) 25 (20-42) Open 14 mo (6-30 mo) —
Joseph?® 4 16 (15/1) 37 (19-51) Open 24.25 + 9.21 mo 10 wk (3-260 wk)
Joshi?® 4 14 (12/2) 33.9 (22-54) Open 13.5 mo 11.43+14.71d
Kashani®® 4 26 (26/0) — Open 14 mo (10-24 mo) <2 wk
Keyhani®® 4 17 (14/3) 32 (22-49) Open 1y min (12-20 mo) 5d(2-19 d)
Khalifa®! 4 31 (26/5) 28.3+6.3 Open 21 £ 6.7 mo 27 at <1 wk; 8 at 7.5 wk,

(18-40) (12-33 mo) 1 at 7mo, 1 at 9 mo
Khatri®? 4 27 (21/6) 35.8+11.15 Open 22.3 £ 6.82 mo 22 at <10d; 5 at >10d

(21-62)
Kim?*? 4 14 (6/7) 35 (17-57) Arthrosc 3 mo (24-72 mo) 11 at 6.3 d (4-10 d),

1 at 19 mo, 1 at 20 mo

Kumar®* 4 18 (14/4) 31 (24-42) Open 12 mo (10-16 mo) 5d(2-10d)
Lamichhane®® 4 18 (12/6) 29 (18-47) Open 31 mo (12-52 mo) 12 d (7 d—2 mo)
Lamoria®® 4 22 (20/2) 26.45 + 6.65 Arthrosc 12 mo 10.09+5.17d

(18-42)

(continued)
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Table Al (continued)

Age, y,
Patients Mean *= SD Surgical Approach/ Follow-up, Time from Injury to Surgery,
Study LOE (M/F), n (Range) Treatment Mean * SD (range) Mean * SD (Range)
Liu®’ 3  Open: 20 (15/5) Open: 33.1 £ Open, arthrosc Open: 17.8 + 4.57 mo Open: 5.4 +3.8d
Arthrosc: 16 11.2 (19-45) Arthrosc: 18.2 + Arthrose: 5.2+2.2d
(12/4) Arthrosc: 32.8 + 3.69 mo
10.1 (25-48)
Madi® 4 23 34.43 (18-45) Arthrosc 52.8 mo (36-94 mo) 9.43d(2-21d)
Meyers*® 4 Nonop: 6 (14-48) Nonop, open — —
Open: 8
Nicandri*? 4 10 33 (14-62) Open 28 mo (12-48 mo) 9d
Nikiforidis*® 4 23 22 (17-32) Open 74y (2-15y) 4d
Piedade®’ 4 21 27.6 (15-53) Open 12 mo min 19 at <2 wk, 2 at >2 wk
Prakash*® 2 37 (26/11) 31.3 Open 12 mo DP:9d
DP: 17 PM: 11.5d
PM: 20
Qi*? 3 64 (44/20) HL: 33.4+10.3 Open 12 wk min HL:5.7+2.1d
HL: 32 HP: 31.6 +11.7 HP:4.9+18d
HP: 32
Reverte-Vinaixa®™ 4 7 (4/3) 39.6 (27-54) Open 41.4 mo (25-97 mo) 11.4 d (6-26 d)
Rezazadeh®! 4 31 (27/4) 24 (17-45) Open 24 mo (13-44 mo) 6.84 £+3.84d
Rhee®? 4 11 (9/2) 44 (19-63) Arthrosc 22 mo (13-36 mo) 17.1d (5-36 d)
Sabat®® 3 Open: 27 Open: 28.4 Open, arthrosc Open: 23.5 mo Open: 6.2 +4.2d (5-14 d)
Arthrosc: 20 (22-54) (19-57 mo) Arthrosc: 8.4 +£2.3d (5-16 d)
(43/4) Arthrosc: 26.6 Arthrosc: 19.8 mo
(18-47) (12-32 mo)
Salehi® 4 25 (25/0) 28 (18-50) Open 10 mo —
Seitz®® 4 30 (23/7) 24 (23-45) Open 10.5y (3-25y) —
Singer®® 3 16 (16/0) 345+55 Open (min invasive) 18 mo (12-28 mo) 8d (5-13 d)
(23-45)
Singla®® 4 11 (7/4) 28 (24-35) Open 17 mo (8-36 mo) 8.6 mo (4-14 mo)
Sivakumar®! 3 52 (50/2) - Open 12 mo 9.67d
Sundararajan®? 1  Open: 20 (19/1) Open: 34.5 Open, arthrosc Open: 33 mo Open: 18.2 +22.8d
Arthrosc: 20 (15-54) (27-42 mo) Arthrosc: 15.1+14.1d
(19/1) Arthrosc: 36.6 Arthrosc: 30 mo
(19-67) (26-44 mo)
Torisu® 4 36 (26/10) (15-61) Nonop, open 3y, 2 mo —
Nonop: 20 (6 mo—7y 1 mo)
Open: 16
Wu®® 4 15 (7/8) 44 +17.5 (24-66) Arthrosc — 13+£3.7d
Yang® 4 16 (10/6) 28 (14-51) Open 38 mo (24-58 mo) 3-133d
Yoon JR” 4 18 (12/6) 32.4 (13-55) Arthrosc 26 mo (22-30 mo) 6.4+5.9d(2-214d)
Yoon KH"! 3 30 (20/10) 455+ 225 Nonop 22+02y —
Zhang CL"™ 4 11 (11/0) 38.2 (17-61) Open 11 mo (6 mo—2 y) Acute (8), chronic (3)°
Zhang F™ 3 26 (19/7) 36.2 (19-54) Open, arthrosc 12.4 mo (6-19 mo) Open: 13.5 £2.3d
Open: 13 Arthrosc: 12.6 + 3.4 d
Arthrosc: 13
Zhang X™* 4 16 (11/5) 43 (19-55) Open 18 mo (4-36 mo) —
Zhao D" 3 Suture: 32 Suture: 26.5 Arthrosc 42 mo (22-68 mo) Suture: 5.4 +3.2d
(20/12) (19-50) EndoButton: 4.8 £ 3.5 d
EndoButton: EndoButton:
31 (18/13) 25.2 (17-56)
Zhao J7° 4 29 (21/8) 32 (21-47) Arthrosc 32 mo (24-41 mo) 12d(9-24 d)
Zheng™" 4 30 (18/12) 41 (21-65) Arthrosc 32+ 7 mo (24-47 mo) 6+22d
Zhu"® 4 18 (12/6) 31.6 (21-48) Arthrosc 13.6 mo (7-30 mo) 1-3 wk

“Arthrosc, arthroscopy; DP, direct posterior; F, female; HL, hollow lag; HP, hook plate; LOE, level of evidence; M, male; min, minimum,;

Nonop, nonoperative; PM, posteromedial; recon, reconstruction.Dashes indicate data not available.
bValue in parenthesis is number of patients.
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Khatri*?
Kim*

Kumar*
Lamichhane*
Lamoria*

Liu¥’

Madi*®

Meyers'®
Nicandri*
Nikiforidis*
Piedade?’
Prakash*

in
Reverte-Vinaixa®
Rezazadeh™
Rhee?

Sabat™

Salehi*™

Seitz™

Singer™

Singla®™
Sivakumar®
Sundararajan®™
Torisu™

Wus®

Yang®

Yoon JR™

Yoon KH™
Zhang CL™
Zhang F™
Zhang X™

Zhao D™

Zhao J™
Zheng”

Zhu'™®

TABLE A2
MINORS Scores for the Included Studies®
MINORS Item®
2 3 4 5 6 7 8 9 10 11 12 Total

e — 10
e — 7
— — 12
— — 6
- 10
— — 8
— —_ 7
— — 14
— — 10
—_ —_ 7
- - 10
- 10
- 10
— — 10
— — 8
— — 8

20
— — 6
—— - 12
- 8
— — 11
—— — 10
— — 9
— — 7
- 9
. 8
— — 7
— — 8
Lo
— — 7
— — 6
— — 8
- 7
— e 7

2

Randomized Studies.

“The MINORS score consists of 12 questions, with each question scored as a 0 if not reported, a
1 if reported but inadequate, or 2 if reported and adequate. The maximum score is 16 for non-
comparative studies and 24 for comparative studies. MINORS, Methodological Index for Non-

®MINORS items: 1 = a clearly stated aim; 2 = inclusion of consecutive patients; 3 = prospective
collection of data; 4 = endpoints appropriate to the aim of the study; 5 = unbiased assessment of the study
endpoint; 6 = follow-up period appropriate to the aim of the study; 7 = loss to follow-up <5%; 8 = prospec-
tive evaluation of the study size; 9 = a control group having the gold standard intervention; 10 = contem-
porary groups; 11 = baseline equivalence of groups; 12 = statistical analysis adapted to the study design.
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