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Abstract: The development of post-traumatic osteoarthrosis after tibial plateau fracture (TPF) is
multifactorial and can only be partially influenced by surgical treatment. There is no standardized
method for assessing pre- and postoperative knee joint laxity. Data on the incidence of postoperative
laxity after TPF are limited. The purpose of this study was to quantify postoperative laxity of the knee
joint after TPF. Fifty-four patients (mean age 51 ± 11.9 years) were included in this study. There was
a significant increase in anterior–posterior translation in 78.0% and internal rotation in 78.9% in the
injured knee when compared to the healthy knee. Simple fractures showed no significant difference
in laxity compared to complex fractures. When preoperative ligament damage and/or meniscal
lesions were present and surgically treated by refixation and/or bracing, patients showed higher
instability when compared to patients without preoperative ligament and/or meniscal damage.
Patients with surgically treated TPF demonstrate measurable knee joint laxity at a minimum of
1 year postoperatively. Fracture types have no influence on postoperative laxity. This emphasizes the
importance of recognizing TPF as a multifaceted injury involving both complex fractures and damage
to multiple ligaments and soft tissue structures, which may require further surgical intervention
after osteosynthesis.

Keywords: tibial plateau fractures; instability; post-traumatic osteoarthritis; tibial slope

1. Introduction

The incidence of tibial plateau fractures (TPFs) has increased by up to 68% in the
last decade [1–5]. In recent years, computed tomography scans (CT) became the gold
standard in the primary diagnostic of TPF [6,7]. Thus, the more comprehensive depiction
of the fracture led to the development of new classification systems and altered the surgical
approaches for tibial plateau fractures [8,9]. The choice of surgical approach for osteosyn-
thesis is mostly made depending on the type of fracture as well as concomitant ligamentous
and (osteo-)chondral or meniscal injuries, and treatment involving anterior, posterior, and
arthroscopic approaches may be required [8].

Although there are various surgical options to choose from, 23 to 44% of the patients
develop post-traumatic osteoarthrosis (PTA), leading to 3 to 7% of the patients requiring
total knee arthroplasty (TKA) within 10 years after sustaining TPF [10–17]. Interestingly,
some authors report worse functional outcomes in patients with TKA after sustaining PTA
when compared to patients with TKA indicated for primary osteoarthritis (OA) [18–20].
However, the development of PTA is multifactorial and has not yet been definitively clari-
fied [21–23]. These factors include cartilage lesions, meniscal lesions, post-traumatic knee
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joint laxity, post-traumatic joint step, post-traumatic axial deviation, and/or widening of
the tibial plateau, as well as higher age [21]. Osteosynthetic treatment aims to anatomically
reconstruct the joint surface, leg axis, and width of the tibial plateau to minimize these risk
factors [24,25]. However, meniscal and ligamentous injury factors often go unrecognized
in tibial plateau fractures [26], as to date there is no strong recommendation for using
additional (magnetic resonance imaging) MRI imaging in patients following TPF [27].

In this context, concomitant meniscal and ligament injuries are recognized as individ-
ual risk factors associated with early TKA following TPF [12]. It has been widely shown
that persistent knee joint laxity leads to a subjectively worse outcome [28–30], and that
persistent knee joint laxity is a relevant risk factor for the development of PTA [21–23].
In addition, studies of ligamentary knee surgery show that an unstable knee joint also
leads to a subjectively worse outcome [28–30]. Several studies show how different devices
can measure laxity of the knee joint [31,32]. Consequently, this comes along with higher
complication rates, while the number of (semi-)constrained prostheses after PTA is higher
in this patient cohort [10,13,15,18,19].

Unfortunately, no clear recommendation has been established of how to best diagnose
and treat intraoperative knee joint laxity in TPF. A German guideline recommends testing
ongoing intraoperative laxity testing after osteosynthetic treatment [27]. However, it
is not specified whether the examination should be conducted using fluoroscopic stress
images or solely through clinical examination. The guideline suggests additional peripheral
stabilization only for cases with significant medial and/or lateral laxity. Thus, the objective
of this study is to investigate knee joint laxity after the surgical treatment of tibial plateau
fractures using ORIF. The hypothesis was that most patients would show ongoing knee
joint laxity using a comprehensive and meticulous testing apparatus.

2. Materials and Methods
2.1. Patient Selection

A retrospective chart review was performed on patient data collected at a Level I
trauma center between February 2014 and March 2020. Institutional review board approval
was obtained before the initiation of the study. Patients eligible for study inclusion were
those aged ≥18 years treated surgically for TPF; unilateral fracture; isolated fracture of
the affected leg; preoperative X-ray and/or computed tomography; and repaired or intact
ligament status of the affected knee. Ligamentous status at the time of surgery was assessed
pre-surgery and after ORIF before soft-tissue closure using MRI or clinical examination
by the surgeon. Information was obtained from the institutional databank, intraoperative
documentation, patient’s anamnesis, and/or MRI-scan. Patients were excluded if they
showed extra articular fracture, fractures other than TPF, previous ligamentous injury
and/or surgery, and bilateral fractures and did not have detailed intraoperative documenta-
tion. The minimum follow-up time after surgery was 12 months. Fractures were classified
according to the established system of Schatzker [33]. The fractures were additionally
classified according to Moore [34] if there was radiological evidence of knee dislocation.
All fractures were classified by the institutional research group, which consisted of a head
of department (J.F.), a consultant (M.B.), and a scientific assistant (C.N.). Disagreements
between the raters’ classifications were resolved by discussion.

This study was divided into four parts. (1) First, all patients were analyzed as a group;
(2) then, they were grouped according to their fracture type: simple fractures (Schatzker
Type I to III) vs. complex fractures (Schatzker Type IV to VI). (3) Third, they were subdi-
vided into one population with additional ligament repair (e.g., ACL reconstruction, in
some cases with additional meniscal repair) during the primary surgery and one population
where no additional ligament repair was performed. (4) In a fourth step, the entire collec-
tive was divided into a group with ≥2 mm and a group with <2 mm anterior–posterior
(AP) translation.
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2.2. Analysis of Laxity

Dynamic valgus instability (medial deviation) was measured using the Orthelligent
system (OPED GmbH, Valley, Germany). The patients were asked to perform a single leg
stand with a 20–30◦ flexion in the knee joint and to hold that position for 20 s (Figure 1).
The test was performed three times, with the average value taken.
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Figure 1. Single leg stand measuring dynamic valgus instability, (A) coronal view, (B) sagital view.

The Laxitester (ORTEMA Sport Protection, Markgröningen, Germany) was used to
assess knee laxity. With a torque of 2 N (Newton), the internal and external rotation
laxity of the lower leg were obtained. The device’s accuracy has been described as 5◦ [31].
In addition, a Lachmeter (Equipamentos Ortopedicos LTDA, Preto, Brazil) was used to
measure anterior–posterior (AP) translation in the neutral position of the lower leg, as
well as internal and external laxity [31,35]. AP translation was measured from the neutral
position of the knee in a 30◦ flexion angle to the maximum anterior tibial translation.

All measurements were taken with the ankle locked in a predetermined dorsiflexion
using the trapezoidal shape of the talus. As a result, the torque generated to the foot is
transferred to the lower leg (Figure 2). Range of motion was measured using a Goniometer.
All tests were performed on both the injured and the healthy knee, serving as its own
control group.
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Figure 2. The measurement of instability was performed using Laxitester and Lachmeter (A) and
Laxitester (B,C).

2.3. Statistical Analysis

Statistical analysis was performed using a t-test to compare group differences for
variables with normal distribution. The Kruskal–Wallis or Mann–Whitney U test was used
to analyze variables with non-normal distribution. The significance level was set at p < 0.05.
A post hoc power analysis incorporating the total sample size, proportion of patients with
TPF, and concomitant instability, with an alpha value of 0.05, demonstrated a power of
89.1% for our study. For statistical analysis and graphical depiction, RStudio (version
1.4.1717 2009–2021 RStudio, PBC, 250 Northern Ave, Boston, MA 02210, USA) was used.

3. Results
3.1. Participants

At the final follow-up, 54 patients (n = 32 women; n = 22 men) with a mean age of
51 ± 11.9 years were included in this single-center study. Fracture classification and trauma
mechanisms as well as other demographic data are presented in Figure 3 and Table 1.
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Figure 3. The instability of the total collective and subpopulations was depicted using boxplot for
the three parameters: (A) anteroposterior (ap) translation, (B) ap translation in internal rotation, and
(C) ap translation in external rotation. The significance level pertains to total collective = injured leg
vs. healthy leg (control); subgroup ligament/meniscal repair vs. subgroup no ligament/meniscal
repair; subgroup complex fracture vs. subgroup simple fracture. N.s.=not significant.

Table 1. Demographic data of the total patient collective. Note: results of the measurement of
instability are presented as mean (95% confidence interval).

Criteria Total Collective (n = 54) p-Value

Male vs. female (%) 40.7% vs. 59.3% <0.05
Mean age at surgery (years) 47 ± 11.9 -

Mean age at follow-up (years) 51 ± 11.9 -
Schatzker (n)

I 0 -
II 25 -
III 3 -
IV 3 -
V 0 -
VI 23 -

Cause of accident (%)
Falls 33.4% -

Traffic 20.4% -
Ski 20.4% -

Bicycle 18.5% -
Fall from height 0% -

other 7.4% -



J. Clin. Med. 2023, 12, 5580 6 of 13

Table 1. Cont.

Criteria Total Collective (n = 54) p-Value

ROM flexion (◦) 1 127.1 ± 11.2 vs. 129.7 ± 5.3 <0.05
ROM extension (◦) 1 2.1 ± 1.7 vs. 2.7 ± 0.8 <0.05
Initial imaging (%)

X-ray 74.1% -
Computed tomography 98.1% -

Magnetic resonance imaging 20.4% -
Initial treatment

Brace 81.5% -
External fixator 18.5% -

Surgery time (minutes) 165.1 ± 76.8 -
ASA score 1.8 ± 0.5 -

Mean difference BMI 2 24.2 ± 3.1 vs. 24.9 ± 3.7 n.s.
AP translation 3 1.02 (0.6 to 1.5) <0.05

AP translation in internal rotation 3 0.71 (0.5 to 1.1) n.s.
Internal rotation angle 3 1.6◦ ± 10.6◦ n.s.

AP translation in external rotation 3 0.08 (−0.1 to 0.5) n.s.
External rotation angle −5.1◦ ± 10.1 <0.05

Medial deviation 3 0.45 n.s.
1 Injured vs. healthy leg; 2 pre-surgery vs. follow-up; 3 mean side to side difference in millimeters.

3.2. Measurements

For all patients, there were significant differences (increased laxity to injured leg) in
the AP translation (mean (M) = 1.02; SD ± 1.4 mm; p < 0.05) and AP translation in internal
rotation (0.71 ± 1 mm, p < 0.05) between the injured leg and the healthy side. Furthermore,
there were significant differences in range of motion (p < 0.05). In addition, patients had
a significant deficit in external rotation (M = −5.1◦, SD ± 10.1; p < 0.05). The results are
presented in Table 1.

3.3. Complex vs. Simple Fractures

The complex fracture group consisted of 26 complex fractures with a mean age of
48.0 ± 11.9 years at the time of surgery (n = 3 Schatzker Type IV; n = 23 Type VI). The
simple fracture group consisted of 28 fractures (n = 25 Schatzker Type II; n = 3 Type III)
with a mean age of 44.5 ± 12.0 years. The demographic data are presented in Table 2. The
fractured leg was compared. When assessed for fracture type, complex fractures show
significantly (p < 0.05) less external rotation (−7.4◦ ± 11.2 vs.−3.1◦ ± 15.1) compared to
simple fractures. Significant differences regarding the AP translation in the Laxitester
measurement were not observed. There was also no significant difference between complex
and simple fractures regarding the medial deviation of the knee. The results are presented
in Table 2.

Table 2. Population complex vs. simple fractures. Note: results of the measurement of instability are
presented as mean (95% confidence interval).

Criteria Complex Fractures (n = 26) Simple Fractures (n = 28) p-Value

Male vs. female (%) 38.5% vs. 61.5% 42.9% vs. 57.1% n.s.
Mean age at surgery (years) 48 ± 11.9 44.5 ± 12 n.s.

Mean age at follow-up (years) 51.6 ± 11.9 50.5 ± 12
Schatzker (n)

I 0 0 -
II 0 25 -
III 0 3 -
IV 3 0 -
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Table 2. Cont.

Criteria Complex Fractures (n = 26) Simple Fractures (n = 28) p-Value

V 0 0 -
VI 23 0 -

Cause of accident (%)
Falls 23.1% 42.9% <0.05

Traffic 26.9% 14.3% <0.05
Ski 19.2% 21.4% n.s.

Bicycle 26.9% 10.7% <0.05
Fall from height 0% 0% n.s.

Other 3.8% 10.7% n.s.
ROM flexion (◦) 1 126.3 ± 14.1 vs. 129.8 ± 7.8 127.8 ± 7.8 vs. 129.6 ± 5 n.s.

ROM extension (◦) 1 2.3 ± 1.8 vs. 2.9 ± 0.7 1.8 ± 1.6 vs. 2.6 ± 0.9 n.s.
Initial imaging (%)

X-ray 69.2% 78.6% <0.05
Computed tomography 100% 96.4% n.s.

Magnetic resonance imaging 19.2% 21.4% n.s.
Initial treatment

Brace 65.4% 96.4% <0.01
External fixator 34.6% 3.6% <0.01

Surgery time (minutes) 173 ± 91 157.8 ± 62.1 n.s.
ASA score 2 ± 0.5 1.6 ± 0.5 -

Mean difference BMI 2 24.8 ± 2.6 vs. 24.8 ± 4.4 23.6 ± 3.5 vs. 24.7 ± 3.8 n.s.
AP translation 3 1.12 (0.4 to 1.8) 1.02 (0.5 to 1.5) n.s.

AP translation in internal rotation 3 0.83 (0.3 to 1.4) 0.71 (0.3 to 1.1) n.s.
Internal rotation angle 3 1.2◦ ± 9.6 2.9◦ ± 11.6 n.s.

AP translation in external rotation 3 0.35 (−0.2 to 1) 0.08 (−0.3 to 0.5) n.s.
External rotation angle −7.4◦ ± 11.2 −3.1◦ ± 15.1 <0.05

Medial deviation 3 0.67 0.25 n.s.
1 Injured vs. healthy leg; 2 pre-surgery vs. follow-up; 3 mean side to side difference in millimeters.

3.4. Ligament Repair vs. No Ligament Repair

When assessed for additional ligament repair, patients were classified into two groups.
A lateral collateral ligament and/or anterior cruciate ligament brace was used for ligament
repair. Group 1 consisted of 24 patients undergoing ORIF with additional ligament repair
(n = 10 Schatzker Type II; n = 1 Type III; n = 13 Type VI). The mean age of this group was
48.2 ± 11.6 years. Group 2 consisted of 30 patients with no additional ligament repair (n = 0
Schatzker Type I; n = 15 Type II; n = 2 Type III; n = 3 Type IV; n = 10 Type VI) The mean age
of this group was 46.2 ± 12.2 years. Further demographic data are presented in Table 3.

Table 3. Population: ligament repair vs. no ligament repair. Note: results of the measurement of
instability are presented as mean (95% confidence interval).

Criteria Ligament Repair (n = 24) No Ligament Repair (n = 30) p-Value

Male vs. female (%) 41.7% vs. 58.3% 40% vs. 60% n.s.
Mean age at surgery (years) 48.2 ± 11.6 46.2 ± 12.2 n.s.

Mean age at follow-up (years) 52.5 ± 11.6 49.8 ± 12.2
Schatzker (n)

I 0 0 -
II 10 15 -
III 1 2 -
IV 0 3 -
V 0 0 -
VI 13 10 -

Cause of accident (%)
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Table 3. Cont.

Criteria Ligament Repair (n = 24) No Ligament Repair (n = 30) p-Value

Falls 33.3% 33.3% n.s.
Traffic 20.8% 20% n.s.

Ski 20.8% 20% n.s.
Bicycle 20.8% 16.7% n.s.

Fall from height 0% 0% n.s.
other 4.2% 10% n.s.

ROM flexion (◦) 1 126.2 ± 14 vs. 129.5 ± 6.9 127.8 ± 8.4 vs. 129.8 ± 4.2 <0.05
ROM extension (◦) 1 2.3 ± 1.7 vs. 2.7 ± 0.6 1.9 ± 1.7 vs. 2.7 ± 1 n.s.
Initial imaging (%)

X-ray 79.2% 70% n.s.
Computed tomography 100% 96.7% <0.05

Magnetic resonance imaging 20.8% 20% n.s.
Initial treatment

Brace 75% 86.7% <0.05
External fixator 25% 13.3% n.s.

Surgery time (minutes) 160 ± 72.7 169.1 ± 80.7 <0.05
ASA score 1.8 ± 0.4 1.8 ± 0.6 -

Mean difference BMI 2 24.4 ± 3.7 vs. 24.2 ± 4.1 24 ± 2.7 vs. 25.5 ± 3.2 n.s.
AP translation 3 1.51 (0.9 to 2.1) 0.71 (0.1 to 1.2) <0.05

AP translation in internal
rotation 3 1.19 (0.6 to 1.8) 0.44 (0.1 to 0.8) <0.05

Internal rotation angle 3 −0.3◦ ± 12.4 3.8◦ ± 8.5 <0.05
AP translation in external

rotation 3 0.38 (−0.2 to 1) 0.07 (−0.3 to 0.6) n.s.

External rotation angle −7.5◦ ± 10.3 −3.1◦ ± 9.6 <0.05
Medial deviation 3 0.25 0.61 n.s.

1 Injured vs. healthy leg; 2 pre-surgery vs. follow-up; 3 mean side to side difference in millimeters.

There were significant differences between the injured legs in AP translation as well
as in AP translation in internal rotation (p < 0.05). There was a significant difference in the
internal rotation angle as well as in the external rotation angle (p < 0.05). Significant differ-
ences in the flexion of range of motion (p < 0.05) were observed, while the deficit in external
rotation was significantly (p < 0.05) higher in the ligament repair group (−7.5◦ ± 10.3 vs.
−3.1◦ ± 9.6). There was no significant difference in the number of patients receiving a
preoperative MRI scan, while the no ligament repair group showed significantly higher
rates of preoperative CT scans.

Surgery time showed a significant difference between the groups (p < 0.05), with a
shorter surgery time in the ligament repair group of 9.1 ± 106.9 min.

Patients with no additional ligament repair showed significantly higher rates (p < 0.05)
in the initial treatment with a brace.

3.5. AP Translation ≥2 mm vs. <2 mm

Overall, fifteen patients (27.8%) had an AP translation ≥2 mm. Out of these, ten had
a simple (Schatzker Type II) and five a complex fracture (n = 1 Schatzker Type IV; n = 4
Schatzker Type VI). The group with an AP translation ≥2 mm also showed a significantly
(p < 0.05) increased AP translation in internal rotation (1.7 ±1.2 vs. 0.44 ±0.97, p = 0.00013)
and in external rotation (1.2 ±1.4 vs. −0.2 ±1.1, p = 0.0055). Preoperative MRI scans were
performed more often (p < 0.05) in the group with an AP translation <2 mm (25.6%) than in
the group with an AP translation ≥2 mm (6.7%).

4. Discussion

The most important finding of this study was that the majority of the patients demon-
strated significant relevant knee joint laxity 1 year postoperatively after sustaining TPF
when compared to their healthy knee. In other words, the data from this study show that
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significantly increased anterior translation and anterolateral rotation after surgically treated
tibial plateau fracture occurs when using a validated and reliable testing apparatus.

Postoperative persistent knee joint laxity is often related to several factors and mul-
tifactorial. Unaddressed meniscal or ligamentous injuries as well as malreduction may
evidently contribute to this instability. Other studies previously described up to 90% of
concomitant injuries such as meniscal/ligamentous lesions and lesions of the posterolateral
complex, some remaining neglected [26,36,37]. As 20.4% of all patients in this study had a
preoperative MRI scan, only 6.7% of the patients with an AP translation of ≥2 mm had a
preoperative MRI available, emphasizing the difficulty in detecting concomitant injuries
in TPF. Also, the high prevalence of simple fractures in the group with an AP transla-
tion ≥2 mm may indicate that preoperative MRI imaging is required more frequently for
these fractures.

When it comes to persistent anterolateral rotatory laxity (ALRL), the anterolateral
complex (ALC), involving the iliotibial band with its three layers, the accompanying Kaplan
fibers, and the anterolateral ligament, has been effectively shown to offer resistance against
internal rotational torques, particularly at greater levels of knee flexion [38–44]. As the
tibial insertion of these structures is located at Gerdy’s tubercule or slightly posterior to
it [38,41,43,45], it is in conflict with the standardized anterolateral approach to the tibial
plateau. During this procedure, the iliotibial band, which is often detached from Gerdy’s
tubercule with or without a bone flake, may cause damage to the ALC [7,33,46]. In addition,
the trauma mechanism leading to TPF may also lead to injuries to the ALC, thus leading to
persistent ALRL.

In this study, the anterolateral approach was the most used approach [46,47]. As
such, this may be a possible explanation as to why there is no significant difference in
the laxity of simple and complex fractures. In contrast, complex fractures were often
treated in combination with another approach (61.4% lateral approach, 24.6% combined).
This may also be an explanation for the high proportion of Schatzker Type II fractures
in the cohort with an AP translation ≥2 mm, as these fractures were treated using an
anterolateral approach.

In the total collective, significant instability was detected in two (AP translation and
AP translation in internal rotation) of the three measured dimensions, while in the cohort
with an AP translation of ≥2 mm, significant instability in all three dimensions could be
observed. A measured postoperative AP translation of ≥2 mm seems to indicate that
multidirectional laxity may be present.

The anatomical reduction in the joint surface, axis, and tibial slope is also an important
factor for the stability of the knee joint [18,21]. During surgery, the posterolateral corner
impression is frequently not visualized or dealt with properly because of inadequate visu-
alization of the lateral imaging [48]. The resulting steeper tibial slope with an increased
stress on the posterolateral corner thus contributes to persistent laxity. To avoid such com-
plications, it is crucial to precisely reduce and stabilize the fracture, reinstate the tibial slope,
and give particular attention to the posterolateral corner during the surgical procedure.

The occurrence of postoperative knee stiffness is associated with a bicondylar tibial
plateau fracture [49] as well as initial treatment with an external fixator [49–51]. In this
study, the complex fractures were initially treated significantly (p < 0.05) more often with
an external fixator (complex fractures 34.6% vs. simple fractures 3.6%). The study’s data
indicate that there is no significant difference in the range of motion (ROM) between com-
plex and simple fractures. Nevertheless, the entire group showed a statistically significant
decrease in ROM on the operated knee joint compared to the healthy side. Based on
the absolute values, which show an average flexion difference of approximately 2◦ and
extension difference of 0.6◦, it is unlikely that arthrofibrosis occurred. It is still uncertain
how much the postoperative adhesions in the knee joint and approach area affect not
only the ROM but also the knee joint’s stability. Postoperative adhesions could also be a
factor for the measured restricted external rotation of the operated knee joint compared
to the healthy opposite side. This deficit is bigger in more complex fractures and frac-
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tures with ligament repair. These results conflict with other studies that have shown that
external tibial rotation is increased in knees with acute cruciate ligament (ACL) and or
posteromedial/posterolateral corner injuries [52,53]. Nevertheless, Mayr et al. were also
able to demonstrate a reduced external rotation in their studies with ACL injured knees,
though this was not significant [31,54]. It remains unclear which injuries during trauma
or surgery contribute to the reduced external rotation. Biomechanical studies show the
influence of pathological tibial rotation on the stability and pressure distribution of the
knee joint [55,56]. The cause of the reduced external rotation should therefore be clarified
in further (cadaveric) studies.

In the population of patients undergoing “ligament/meniscal repair,” the injured
structures were treated with refixation/internal brace techniques. However, studies have
suggested that these techniques may not achieve the same level of stability as ligament
reconstruction or intact ligaments [57–61]. In the population “ligament/meniscal repair”, a
refixation/internal brace of the injured structures was performed, and as a result, higher
translation values may be expected in this population.

It is notable that surgical time for cases involving ligament repair was shorter than in
the group without ligament repair. We interpret this to suggest that in situations involving
complex bone injuries, the osteosynthesis procedure takes longer. Consequently, there
might be a tendency to prioritize addressing the primary bone injuries in complex cases,
particularly when the overall surgical time is already prolonged. This potentially implies
that less attention is given to managing accompanying injuries in complex bone scenarios.

5. Limitations

This study comes along with some limitations inherent to its study design. First, the
small sample size from this single-center study potentially creates selection bias due to
exclusion criteria, in addition to the retrospective nature of the study design. Second, the
study did not account for potential confounding factors. Third, the generalizability of the
study may be limited due to the specific population and fracture types studied. Fourth,
another important factor for the development of post-traumatic laxity is postoperative
rehabilitation [20], which was not considered in this study. Fifth, several studies have
shown the influence of thigh muscles on knee laxity [62–65]. However, this study did not
include strength testing of thigh muscles.

Finally, undetected meniscal/ligamentous and posterolateral corner lesions may have
contributed to postoperative laxity in this study.

The data from this study demonstrated a measurable, significant anterior and an-
terolateral laxity after surgically treated TPF, which is not adequately assessed pre- and
postoperatively in terms of non-bony parameters. Although a preoperative MRI is effective
for detecting such instabilities, a more accurate evaluation through clinical and instru-
mental examination, such as intraoperative fluoroscopic stress images and postoperative
instrumental laxity tests, may be necessary. Further research is required to determine
whether additional stabilization is necessary for this type of laxity, either initially or sec-
ondary during implant removal. To reduce the occurrence of PTA, it is crucial to treat TPF
as a complex joint injury rather than just a fracture.

6. Conclusions

When treated by ORIF, patients with TPF demonstrate measurable uni- or multidi-
mensional knee joint laxity at a minimum of 1 year postoperatively. Interestingly, fracture
types (according to Schatzker and Moore) have no influence on postoperative laxity. This
emphasizes the importance of recognizing TPF as a multifaceted injury involving both
complex fractures and damage to multiple ligaments and soft tissue structures, which may
require further intervention after osteosynthesis.



J. Clin. Med. 2023, 12, 5580 11 of 13

Author Contributions: Conceptualization, C.N., J.F. and M.B.; methodology, C.N., M.B. and J.F.;
software, C.N.; formal analysis, C.N., M.B., J.F. and D.P.B.; writing—original draft preparation, C.N.,
M.B., J.F. and D.P.B.; writing—review and editing, C.N., M.B., D.P.B., M.J., W.B., B.M.H. and D.E.;
visualization, C.N. and N.N.; supervision, J.F.; project administration, J.F. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was carried out in compliance with the Decla-
ration of Helsinki and received approval from the Institutional Ethics Committee of LMU Munich
(21-0559, 18 June 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

TPF: tibial plateau fracture; AP: anterior-posterior; IRO: internal rotation; ERO: external rotation;
M: mean; SD: standard deviation; ROM: range of motion.

References
1. Wennergren, D.; Bergdahl, C.; Ekelund, J.; Juto, H.; Sundfeldt, M.; Möller, M. Epidemiology and incidence of tibia fractures in the

Swedish Fracture Register. Injury 2018, 49, 2068–2074. [CrossRef]
2. Rupp, M.; Walter, N.; Pfeifer, C.; Lang, S.; Kerschbaum, M.; Krutsch, W.; Baumann, F.; Alt, V. The incidence of fractures among the

adult population of Germany. Deutsch. Ärztebl. Int. 2021, 118, 665–669. [CrossRef] [PubMed]
3. Bormann, M.; Neidlein, C.; Gassner, C.; Keppler, A.M.; Bogner-Flatz, V.; Ehrnthaller, C.; Prall, W.C.; Böcker, W.; Fürmetz, J.

Changing patterns in the epidemiology of tibial plateau fractures: A 10-year review at a level-I trauma center. Eur. J. Trauma
Emerg. Surg. 2022, 49, 401–409. [CrossRef]

4. Elsoe, R.; Larsen, P.; Nielsen, N.P.H.; Swenne, J.; Rasmussen, S.; Ostgaard, S.E. Population-Based Epidemiology of Tibial Plateau
Fractures. Orthopedics 2015, 38, e780–e786. [CrossRef]

5. Herteleer, M.; Van Brandt, C.; Vandoren, C.; Nijs, S.; Hoekstra, H. Tibial plateau fractures in Belgium: Epidemiology, financial
burden and costs curbing strategies. Eur. J. Trauma Emerg. Surg. 2022, 48, 3643–3650. [CrossRef] [PubMed]

6. Castiglia, M.T.; Nogueira-Barbosa, M.H.; Messias, A.M.V.; Salim, R.; Fogagnolo, F.; Schatzker, J.; Kfuri, M. The Impact of
Computed Tomography on Decision Making in Tibial Plateau Fractures. J. Knee Surg. 2018, 31, 1007–1014. [CrossRef]

7. Kfuri, M.; Schatzker, J. Revisiting the Schatzker classification of tibial plateau fractures. Injury 2018, 49, 2252–2263. [CrossRef]
8. Krause, M.; Frosch, K.-H. Wandel in der Behandlung der Tibiakopffraktur. Die Unfallchirurgie 2022, 125, 527–534. [CrossRef]
9. Millar, S.C.; Arnold, J.B.; Thewlis, D.; Fraysse, F.; Solomon, L.B. A systematic literature review of tibial plateau fractures: What

classifications are used and how reliable and useful are they? Injury 2018, 49, 473–490. [CrossRef]
10. Bala, A.; Penrose, C.T.; Seyler, T.M.; Mather, R.C.; Wellman, S.S.; Bolognesi, M.P. Outcomes after Total Knee Arthroplasty for

post-traumatic arthritis. Knee 2015, 22, 630–639. [CrossRef] [PubMed]
11. Elsoe, R.; Johansen, M.; Larsen, P. Tibial plateau fractures are associated with a long-lasting increased risk of total knee arthroplasty

a matched cohort study of 7,950 tibial plateau fractures. Osteoarthr. Cartil. 2019, 27, 805–809. [CrossRef] [PubMed]
12. Hansen, L.; Larsen, P.; Elsoe, R. Characteristics of patients requiring early total knee replacement after surgically treated lateral

tibial plateau fractures—A comparative cohort study. Eur. J. Orthop. Surg. Traumatol. 2022, 32, 1097–1103. [CrossRef] [PubMed]
13. Kester, B.S.; Minhas, S.V.; Vigdorchik, J.M.; Schwarzkopf, R. Total Knee Arthroplasty for Posttraumatic Osteoarthritis: Is it Time

for a New Classification? J. Arthroplast. 2016, 31, 1649–1653.e1. [CrossRef] [PubMed]
14. Oladeji, L.O.; Worley, J.R.; Crist, B.D. Age-Related Variances in Patients with Tibial Plateau Fractures. J. Knee Surg. 2020, 33,

611–615. [CrossRef]
15. Saleh, H.; Yu, S.; Vigdorchik, J.; Schwarzkopf, R. Total knee arthroplasty for treatment of post-traumatic arthritis: Systematic

review. World J. Orthop. 2016, 7, 584–591. [CrossRef]
16. Scott, B.L.; Lee, C.S.; Strelzow, J.A. Five-Year Risk of Conversion to Total Knee Arthroplasty After Operatively Treated Periarticular

Knee Fractures in Patients Over 40 Years of Age. J. Arthroplast. 2020, 35, 2084–2089.e1. [CrossRef] [PubMed]
17. Wasserstein, D.; Henry, P.; Paterson, J.M.; Kreder, H.J.; Jenkinson, R. Risk of Total Knee Arthroplasty After Operatively Treated

Tibial Plateau Fracture: A Matched-Population-Based Cohort Study. J. Bone Jt. Surg. 2014, 96, 144–150. [CrossRef]
18. Aurich, M.; Koenig, V.; Hofmann, G. Comminuted intraarticular fractures of the tibial plateau lead to posttraumatic osteoarthritis

of the knee: Current treatment review. Asian J. Surg. 2018, 41, 99–105. [CrossRef]
19. Houdek, M.T.; Watts, C.D.; Shannon, S.F.; Wagner, E.R.; Sems, S.A.; Sierra, R.J. Posttraumatic Total Knee Arthroplasty Continues

to Have Worse Outcome Than Total Knee Arthroplasty for Osteoarthritis. J. Arthroplast. 2016, 31, 118–123. [CrossRef]

https://doi.org/10.1016/j.injury.2018.09.008
https://doi.org/10.3238/arztebl.m2021.0238
https://www.ncbi.nlm.nih.gov/pubmed/34140088
https://doi.org/10.1007/s00068-022-02076-w
https://doi.org/10.3928/01477447-20150902-55
https://doi.org/10.1007/s00068-020-01525-8
https://www.ncbi.nlm.nih.gov/pubmed/33095277
https://doi.org/10.1055/s-0038-1627464
https://doi.org/10.1016/j.injury.2018.11.010
https://doi.org/10.1007/s00113-022-01165-0
https://doi.org/10.1016/j.injury.2018.01.025
https://doi.org/10.1016/j.knee.2015.10.004
https://www.ncbi.nlm.nih.gov/pubmed/26526636
https://doi.org/10.1016/j.joca.2018.12.020
https://www.ncbi.nlm.nih.gov/pubmed/30634034
https://doi.org/10.1007/s00590-021-03083-0
https://www.ncbi.nlm.nih.gov/pubmed/34351513
https://doi.org/10.1016/j.arth.2016.02.001
https://www.ncbi.nlm.nih.gov/pubmed/26961087
https://doi.org/10.1055/s-0039-1683893
https://doi.org/10.5312/wjo.v7.i9.584
https://doi.org/10.1016/j.arth.2020.03.041
https://www.ncbi.nlm.nih.gov/pubmed/32317199
https://doi.org/10.2106/JBJS.L.01691
https://doi.org/10.1016/j.asjsur.2016.11.011
https://doi.org/10.1016/j.arth.2015.07.022


J. Clin. Med. 2023, 12, 5580 12 of 13

20. Iliopoulos, E.; Galanis, N. Physiotherapy after tibial plateau fracture fixation: A systematic review of the literature. SAGE Open
Med. 2020, 8, 205031212096531. [CrossRef]

21. Davis, J.T.; Rudloff, M.I. Posttraumatic Arthritis After Intra-Articular Distal Femur and Proximal Tibia Fractures. Orthop. Clin. N.
Am. 2019, 50, 445–459. [CrossRef] [PubMed]

22. Schenker, M.L.; Mauck, R.L.; Ahn, J.; Mehta, S. Pathogenesis and Prevention of Posttraumatic Osteoarthritis After Intra-articular
Fracture. J. Am. Acad. Orthop. Surg. 2014, 22, 20–28. [CrossRef] [PubMed]

23. Wang, L.-J.; Zeng, N.; Yan, Z.-P.; Li, J.-T.; Ni, G.-X. Post-traumatic osteoarthritis following ACL injury. Thromb. Haemost. 2020, 22,
57. [CrossRef]

24. Mthethwa, J.; Chikate, A. A review of the management of tibial plateau fractures. Musculoskelet. Surg. 2018, 102, 119–127.
[CrossRef] [PubMed]

25. Singleton, N.; Sahakian, V.; Muir, D. Outcome After Tibial Plateau Fracture: How Important Is Restoration of Articular Congruity?
J. Orthop. Trauma 2017, 31, 158–163. [CrossRef]

26. Adams, J.D.; Loeffler, M.F. Soft Tissue Injury Considerations in the Treatment of Tibial Plateau Fractures. Orthop. Clin. N. Am.
2020, 51, 471–479. [CrossRef]

27. Deutsche Gesellschaft für Orthopädie und Unfallchirurgie e.V. (DGOU). Tibiakopffrakturen; Version 1.0 (29.10.2021); Berninger, M.T.,
Schüttrumpf, J., Krause, M., Eds.; Deutsche Gesellschaft für Orthopädie und Unfallchirurgie e.V. (DGOU): Berlin, Germany, 2022.

28. Alm, L.; Drenck, T.C.; Frings, J.; Krause, M.; Korthaus, A.; Krukenberg, A.; Frosch, K.-H.; Akoto, R. Lower Failure Rates and
Improved Patient Outcome Due to Reconstruction of the MCL and Revision ACL Reconstruction in Chronic Medial Knee
Instability. Orthop. J. Sports Med. 2021, 9, 232596712198931. [CrossRef]

29. Ayeni, O.R.; Chahal, M.; Tran, M.N.; Sprague, S. Pivot shift as an outcome measure for ACL reconstruction: A systematic review.
Knee Surg. Sports Traumatol. Arthrosc. 2012, 20, 767–777. [CrossRef]

30. Magnussen, R.A.; Reinke, E.K.; Huston, L.J.; Briskin, I.; Cox, C.L.; Dunn, W.R.; Flanigan, D.C.; Jones, M.H.; Kaeding, C.C.; Matava,
M.J.; et al. Neither Residual Anterior Knee Laxity Up to 6 mm nor a Pivot Glide Predict Patient-Reported Outcome Scores or
Subsequent Knee Surgery between 2 and 6 Years After ACL Reconstruction. Am. J. Sports Med. 2021, 49, 2631–2637. [CrossRef]

31. Mayr, H.O.; Hoell, A.; Bernstein, A.; Hube, R.; Zeiler, C.; Kalteis, T.; Suedkamp, N.P.; Stoehr, A. Validation of a Measurement
Device for Instrumented Quantification of Anterior Translation and Rotational Assessment of the Knee. Arthrosc. J. Arthrosc.
Relat. Surg. 2011, 27, 1096–1104. [CrossRef]

32. Pugh, L.; Mascarenhas, R.; Arneja, S.; Chin, P.Y.K.; Leith, J.M. Current Concepts in Instrumented Knee-Laxity Testing. Am. J.
Sports Med. 2009, 37, 199–210. [CrossRef] [PubMed]

33. Schatzker, J.; McBroom, R.; Bruce, D. The tibial plateau fracture: The Toronto experience 1968–1975. Clin. Orthop. Relat. Res. 1979,
138, 94–104.

34. Moore, T.M. Fracture-Dislocation of the knee. Clin. Orthop. Relat. Res. 1981, 156, 128–140. [CrossRef]
35. Schuster, A.J.; Mcnicholas, M.J.; Wachtl, S.W.; McGurty, D.W.; Jakob, R.P. A New Mechanical Testing Device for Measuring

Anteroposterior Knee Laxity. Am. J. Sports Med. 2004, 32, 1731–1735. [CrossRef] [PubMed]
36. Figueroa, F.; Figueroa, D.; Putnis, S.; Guiloff, R.; Caro, P.; Espregueira-Mendes, J. Posterolateral corner knee injuries: A narrative

review. EFORT Open Rev. 2021, 6, 676–685. [CrossRef]
37. Stannard, J.; Lopez, R.; Volgas, D. Soft Tissue Injury of the Knee after Tibial Plateau Fractures. J. Knee Surg. 2010, 23, 187–192.

[CrossRef]
38. Brockmeyer, M.; Orth, P.; Höfer, D.; Seil, R.; Paulsen, F.; Menger, M.D.; Kohn, D.; Tschernig, T. The anatomy of the anterolateral

structures of the knee—A histologic and macroscopic approach. Knee 2019, 26, 636–646. [CrossRef]
39. Golan, E.J.; Tisherman, R.; Byrne, K.; Diermeier, T.; Vaswani, R.; Musahl, V. Anterior Cruciate Ligament Injury and the

Anterolateral Complex of the Knee—Importance in Rotatory Knee Instability? Curr. Rev. Musculoskelet. Med. 2019, 12, 472–478.
[CrossRef]

40. Guenther, D.; Griffith, C.; Lesniak, B.; Lopomo, N.; Grassi, A.; Zaffagnini, S.; Fu, F.H.; Musahl, V. Anterolateral rotatory instability
of the knee. Knee Surg. Sports Traumatol. Arthrosc. 2015, 23, 2909–2917. [CrossRef]

41. Herbst, E.; Albers, M.; Burnham, J.M.; Shaikh, H.S.; Naendrup, J.-H.; Fu, F.H.; Musahl, V. The anterolateral complex of the knee:
A pictorial essay. Knee Surg. Sports Traumatol. Arthrosc. 2017, 25, 1009–1014. [CrossRef]

42. Kittl, C.; Inderhaug, E.; Williams, A.; Amis, A.A. Biomechanics of the Anterolateral Structures of the Knee. Clin. Sports Med. 2018,
37, 21–31. [CrossRef] [PubMed]

43. Musahl, V.; Herbst, E.; Burnham, J.M.; Fu, F.H. The Anterolateral Complex and Anterolateral Ligament of the Knee. J. Am. Acad.
Orthop. Surg. 2018, 26, 261–267. [CrossRef]

44. Sonnery-Cottet, B.; Daggett, M.; Fayard, J.-M.; Ferretti, A.; Helito, C.P.; Lind, M.; Monaco, E.; de Pádua, V.B.C.; Thaunat, M.;
Wilson, A.; et al. Anterolateral Ligament Expert Group consensus paper on the management of internal rotation and instability of
the anterior cruciate ligament-deficient knee. J. Orthop. Traumatol. 2017, 18, 91–106. [CrossRef] [PubMed]

45. Terry, G.C.; Hughston, J.C.; Norwood, L.A. The anatomy of the iliopatellar band and iliotibial tract. Am. J. Sports Med. 1986, 14,
39–45. [CrossRef]

46. Hissnauer, T.-N.; Krause, M.; Frings, J.; Frosch, K.-H. Chirurgische Zugänge zum Tibiakopf. OP-J. 2019, 34, 107–116. [CrossRef]
47. Maclean, J.; Kandemir, U. Surgical Approaches for Tibial Plateau Fractures. J. Knee Surg. 2013, 27, 21–30. [CrossRef]

https://doi.org/10.1177/2050312120965316
https://doi.org/10.1016/j.ocl.2019.06.002
https://www.ncbi.nlm.nih.gov/pubmed/31466661
https://doi.org/10.5435/JAAOS-22-01-20
https://www.ncbi.nlm.nih.gov/pubmed/24382876
https://doi.org/10.1186/s13075-020-02156-5
https://doi.org/10.1007/s12306-017-0514-8
https://www.ncbi.nlm.nih.gov/pubmed/29043562
https://doi.org/10.1097/BOT.0000000000000762
https://doi.org/10.1016/j.ocl.2020.06.003
https://doi.org/10.1177/2325967121989312
https://doi.org/10.1007/s00167-011-1860-y
https://doi.org/10.1177/03635465211025003
https://doi.org/10.1016/j.arthro.2011.02.034
https://doi.org/10.1177/0363546508323746
https://www.ncbi.nlm.nih.gov/pubmed/18940931
https://doi.org/10.1097/00003086-198105000-00015
https://doi.org/10.1177/0363546504267050
https://www.ncbi.nlm.nih.gov/pubmed/15494340
https://doi.org/10.1302/2058-5241.6.200096
https://doi.org/10.1055/s-0030-1268694
https://doi.org/10.1016/j.knee.2019.02.017
https://doi.org/10.1007/s12178-019-09587-x
https://doi.org/10.1007/s00167-015-3616-6
https://doi.org/10.1007/s00167-017-4449-2
https://doi.org/10.1016/j.csm.2017.07.004
https://www.ncbi.nlm.nih.gov/pubmed/29173554
https://doi.org/10.5435/JAAOS-D-16-00758
https://doi.org/10.1007/s10195-017-0449-8
https://www.ncbi.nlm.nih.gov/pubmed/28220268
https://doi.org/10.1177/036354658601400108
https://doi.org/10.1055/a-0785-1655
https://doi.org/10.1055/s-0033-1363519


J. Clin. Med. 2023, 12, 5580 13 of 13

48. Korthaus, A.; Krause, M.; Pagenstert, G.; Warncke, M.; Brembach, F.; Frosch, K.-H.; Kolb, J.P. Tibial slope in the posterolateral
quadrant with and without ACL injury. Arch. Orthop. Trauma Surg. 2021, 142, 3917–3925. [CrossRef]

49. Reahl, G.B.; Marinos, D.; O’Hara, N.N.; Howe, A.; Degani, Y.; Wise, B.; Maceroli, M.; O’Toole, R.V. Risk Factors for Knee Stiffness
Surgery After Tibial Plateau Fracture Fixation. J. Orthop. Trauma 2018, 32, e339–e343. [CrossRef]

50. Haller, J.M.; Holt, D.C.; McFadden, M.L.; Higgins, T.F.; Kubiak, E.N. Arthrofibrosis of the knee following a fracture of the tibial
plateau. Bone Jt. J. 2015, 97, 109–114. [CrossRef]

51. Middleton, A.H.; Perlewitz, M.A.; Edelstein, A.I.; Vetter, C.S. Knee Arthrofibrosis following Tibial Plateau Fracture Treated with
Arthroscopic Lysis of Adhesions with Manipulation. J. Knee Surg. 2022, 35, 816–820. [CrossRef]

52. Nannaparaju, M.; Mortada, S.; Wiik, A.; Khan, W.; Alam, M. Posterolateral corner injuries: Epidemiology, anatomy, biomechanics
and diagnosis. Injury 2018, 49, 1024–1031. [CrossRef] [PubMed]

53. Stephen, J.M.; Halewood, C.; Kittl, C.; Bollen, S.R.; Williams, A.; Amis, A.A. Posteromedial Meniscocapsular Lesions Increase
Tibiofemoral Joint Laxity with Anterior Cruciate Ligament Deficiency, and Their Repair Reduces Laxity. Am. J. Sports Med. 2016,
44, 400–408. [CrossRef] [PubMed]

54. Mayr, H.O.; Hellbruegge, G.; Haasters, F.; Ipach, B.; Schmal, H.; Prall, W.C. Laxity measurement of internal knee rotation after
primary anterior cruciate ligament rupture versus rerupture. Arch. Orthop. Trauma Surg. 2021, 142, 2839–2847. [CrossRef]
[PubMed]

55. Bates, N.A.; Nesbitt, R.J.; Shearn, J.T.; Myer, G.D.; Hewett, T.E. The influence of internal and external tibial rotation offsets on
knee joint and ligament biomechanics during simulated athletic tasks. Clin. Biomech. 2018, 52, 109–116. [CrossRef] [PubMed]

56. Lorenz, A.; Röttgerkamp, H.; Bobrowitsch, E.; Leichtle, C.I.; Leichtle, U.G. Tibial rotation influences anterior knee stability—A
robot-aided in-vitro study. Clin. Biomech. 2016, 32, 131–137. [CrossRef]

57. Drogset, J.O.; Grøntvedt, T.; Robak, O.R.; Mølster, A.; Viset, A.T.; Engebretsen, L. A Sixteen-Year Follow-up of Three Operative
Techniques for the Treatment of Acute Ruptures of the Anterior Cruciate Ligament. J. Bone Jt. Surg. 2006, 88, 944–952. [CrossRef]

58. Gagliardi, A.G.; Carry, P.M.; Parikh, H.B.; Traver, J.L.; Howell, D.R.; Albright, J.C. ACL Repair with Suture Ligament Augmentation
Is Associated with a High Failure Rate Among Adolescent Patients. Am. J. Sports Med. 2019, 47, 560–566. [CrossRef] [PubMed]

59. Heitmann, M.; Akoto, R.; Krause, M.; Hepp, P.; Schöpp, C.; Gensior, T.J.; Bartl, C.; Lill, H.; Frosch, K.-H. Management of acute
knee dislocations: Anatomic repair and ligament bracing as a new treatment option—Results of a multicentre study. Knee Surg.
Sports Traumatol. Arthrosc. 2019, 27, 2710–2718. [CrossRef]

60. Otto, A.; Helal, A.; Imhoff, F.B.; Mehl, J.; Herbst, E.; Achtnich, A.E.; Forkel, P.; Imhoff, A.B.; Schmitt, A. Promising clinical and
magnetic resonance imaging results after internal bracing of acute posterior cruciate ligament lesions in multiple injured knees.
Knee Surg. Sports Traumatol. Arthrosc. 2020, 28, 2543–2550. [CrossRef]

61. Taylor, S.A.; Khair, M.M.; Roberts, T.R.; DiFelice, G.S. Primary Repair of the Anterior Cruciate Ligament: A Systematic Review.
Arthrosc. J. Arthrosc. Relat. Surg. 2015, 31, 2233–2247. [CrossRef]

62. Barcellona, M.G.; Morrissey, M.C.; Milligan, P.; Amis, A.A. The effect of thigh muscle activity on anterior knee laxity in the
uninjured and anterior cruciate ligament-injured knee. Knee Surg. Sports Traumatol. Arthrosc. 2014, 22, 2821–2829. [CrossRef]
[PubMed]

63. Keizer, M.N.J.; Hijmans, J.M.; Gokeler, A.; Benjaminse, A.; Otten, E. Healthy subjects with lax knees use less knee flexion rather
than muscle control to limit anterior tibia translation during landing. J. Exp. Orthop. 2020, 7, 32. [CrossRef] [PubMed]

64. Olmstead, T.; Wevers, H.; Bryant, J.; Gouw, G. Effect of muscular activity on valgus/varus laxity and stiffness of the knee. J.
Biomech. 1986, 19, 565–577. [CrossRef] [PubMed]

65. Shultz, S.J.; Pye, M.L.; Montgomery, M.M.; Schmitz, R.J. Associations between Lower Extremity Muscle Mass and Multiplanar
Knee Laxity and Stiffness: A Potential Explanation for Sex Differences in Frontal and Trans-verse Plane Knee Laxity. Am. J. Sports
Med. 2012, 40, 2836–2844. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00402-021-04298-w
https://doi.org/10.1097/BOT.0000000000001237
https://doi.org/10.1302/0301-620X.97B1.34195
https://doi.org/10.1055/s-0040-1718679
https://doi.org/10.1016/j.injury.2017.10.008
https://www.ncbi.nlm.nih.gov/pubmed/29254623
https://doi.org/10.1177/0363546515617454
https://www.ncbi.nlm.nih.gov/pubmed/26657852
https://doi.org/10.1007/s00402-021-04269-1
https://www.ncbi.nlm.nih.gov/pubmed/34870728
https://doi.org/10.1016/j.clinbiomech.2018.01.019
https://www.ncbi.nlm.nih.gov/pubmed/29425835
https://doi.org/10.1016/j.clinbiomech.2015.11.022
https://doi.org/10.2106/JBJS.D.02876
https://doi.org/10.1177/0363546518825255
https://www.ncbi.nlm.nih.gov/pubmed/30730755
https://doi.org/10.1007/s00167-018-5317-4
https://doi.org/10.1007/s00167-020-05852-6
https://doi.org/10.1016/j.arthro.2015.05.007
https://doi.org/10.1007/s00167-013-2695-5
https://www.ncbi.nlm.nih.gov/pubmed/24114352
https://doi.org/10.1186/s40634-020-00246-6
https://www.ncbi.nlm.nih.gov/pubmed/32415565
https://doi.org/10.1016/0021-9290(86)90162-4
https://www.ncbi.nlm.nih.gov/pubmed/3771579
https://doi.org/10.1177/0363546512461744

	Introduction 
	Materials and Methods 
	Patient Selection 
	Analysis of Laxity 
	Statistical Analysis 

	Results 
	Participants 
	Measurements 
	Complex vs. Simple Fractures 
	Ligament Repair vs. No Ligament Repair 
	AP Translation 2 mm vs. <2 mm 

	Discussion 
	Limitations 
	Conclusions 
	References

