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Abstract

Background: Acute posterior cruciate ligament (PCL) injuries are uncommon and often
challenging to treat. While conservative treatment is frequently proposed in the acute
phase, conventional rigid bracing may lead to complications such as joint stiffness and
quadriceps atrophy. Dynamic braces applying posterior to anterior force during flexion
have been proposed as a more functional alternative. Purpose: To evaluate the biomechani-
cal efficacy of a dynamic PCL brace in reducing posterior tibial translation during the acute
post-traumatic phase using standardized stress radiographs. Methods: The study was
conducted on 11 patients with acute PCL injuries (four isolated, seven multiligamentous)
treated within 15 days from trauma. Posterior tibial translation was measured with X-rays
at 90° of flexion under four conditions: static (resting), stress (150 N), brace unloaded, and
brace loaded (50 N posterior force). Three blinded orthopedic surgeons performed all
measurements independently. Results: The dynamic brace significantly reduced posterior
tibial translation across all conditions. Translation under stress was reduced from a mean of
7.1 mm to 2.68 mm with the loaded brace (p < 0.001). Conclusions: The study demonstrates
that dynamic bracing provides effective biomechanical control of posterior tibial translation
in the acute PCL injury. These findings support the potential role of dynamic bracing in
conservative treatment protocols.

Keywords: posterior cruciate ligament; PCL injury; conservative treatment; dynamic brace;
knee instability

1. Introduction

Posterior cruciate ligament (PCL) injuries are uncommon, with an estimated incidence
of 1.8-2 per 100,000 individuals per year [1,2] and isolated PCL tears, occurring without
concomitant ligamentous lesions, are rare: 1% of all acute knee injuries [3]. These lesions
most commonly result from direct anterior to posterior forces applied to the proximal tibia,
typically sustained in motor vehicle accidents or high-impact sports [1,4].

The PCL has demonstrated considerable potential for spontaneous healing, largely
due to its rich vascular supply; however, the optimal management of acute injuries remains
controversial [5]. Several studies have shown clinically relevant patient-reported improve-
ments after conservative treatment [6]. Good outcomes were achieved in the short- and
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medium-term follow-up [7,8], with a successful return to sports activities even in high de-
manding athletes [2]. However, suboptimal long-term results have been reported especially
in terms of residual instability, increased risk of meniscal lesions, early development of
arthritis and posterior laxity [2,9].

In the acute post-injury phase, rigid braces have traditionally been recommended to
limit posterior tibial translation to allow ligament healing [10,11]. Moreover, prolonged
immobilization in knee extension is associated with complications including joint stiffness,
atrophy of quadriceps muscle and delayed functional recovery [11,12].

Dynamic braces that apply a posterior to anterior directed force on the tibia, coun-
teracting posterior translation during flexion, may offer a more effective and functional
alternative for the conservative treatment of acute PCL injuries [11,13]. The positive roles
of this brace have been demonstrated in cadaveric models, but no clinical studies have
been reported on its effectiveness in posterior tibial translation reduction [10,14].

The aim of this study was to evaluate the effectiveness of a dynamic brace with
posterior tibial support in reducing posterior tibial translation in acute PCL lesions. We
tested four conditions: static (resting) = without brace and without anterior—posterior tibial
stress (APs); AP stress = without brace but with APs; APs brace unloaded = wearing knee
brace with APs but without posterior calf pad loaded; APs brace loaded = wearing knee
brace with APs with posterior calf pad loaded.

2. Materials and Methods

A prospective study was performed at Papa Giovanni XXIII Hospital (Bergamo-Italy)
on 11 patients, 9 male and 2 female, with a mean age of 29 years (range 18-56) with acute
PCL injuries (4 isolated and 7 multiligament: 4 posteromedial and 3 posterolateral corner)
included from July 2024 to June 2025. Diagnosis of PCL injury was established by physical
examination and (magnetic resonance imaging) MRI scans. Inclusion criteria were: an
acute lesion (within 15 days from trauma), a grade II (Hughston classification) or a higher
PCL lesion grade with no associated fractures.

A standard lateral X-ray view and stress radiographs were performed in all patients
by a single experienced operator (G.Z.) using a standardized method: knee at 90° flexion
and a posteriorly directed force applied at the tibial tubercle level using the Telos device
(Metax GmbH, Hungen-Obbornhofen, Germany) (Figure 1). A M.4®s PCL Dynamic brace
(FGP, Dossobuono (VR)-Italy) was tested. The M.4®s PCL Dynamic brace is composed of a
femoral and a tibial leg frame. The principle of four-chain linkage allows a constrained knee
configuration or a free flexion and extension knee configuration allowing joint mobility
while applying an adjustable anteriorly directed force to the calf [13].

The images were achieved in 4 four conditions:

Static (resting) = without brace and without anterior-posterior tibial stress (APs)
(Figure 2);

AP stress = without brace but with APs (150 N) [13-15] (Figure 3);

APs brace unloaded = wearing knee brace with APs but without posterior calf pad
loaded (Figure 4);

APs brace loaded = wearing knee brace with APs with posterior calf pad loaded
(Figure 5).

In order to obtain the same amount of force applied to the calf for any patients, a
sensor device (Sensor 5101, Tekscan Inc., South Boston, MA, USA) was placed between
the posterior pad and the skin. The posterior pad was loaded to reach 50 N of posterior to
anterior force [13]

Three orthopedic surgeons (M.D. N.T. C.P.), with different degrees of experience,
performed the measurements of the posterior tibial displacement on all images according
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to the method described by Schulz et al. [14]; posterior tibial displacement was assessed
by drawing a tangential line along the tibial plateau and perpendicular reference lines
through the midpoints of the posterior contours of the femoral condyles and tibial plateau.
The distance between these reference points represented tibial translation expressed in
millimeters. Medial and lateral compartments were not analyzed separately.

Figure 1. Patient position during stress radiography; with the knee in 90° flexion, a posterior stress
radiograph was performed with use of the Telos device.

Figure 2. 90° knee flexion without brace and without anterior—posterior tibial stress; posterior tibial
translation = 4.03 mm.

Posterior Tibial Sag = 12.5 mm

Figure 3. 90° knee flexion without brace and anterior—posterior tibial stress; posterior tibial

translation = 12.5 mm.

https://doi.org/10.3390/healthcare14070953


https://doi.org/10.3390/healthcare14070953

Healthcare 2026, 14, 953

40f8

Posterior Tibial Sag = 11.0 mm

Figure 4. 90° knee flexion with brace unloaded and anterior—posterior tibial stress; posterior tibial
translation = 11 mm.
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Posterior Tibial Sag = 8.58 mm

Figure 5. 90° knee flexion with brace loaded and anterior-posterior tibial stress; posterior tibial

translation = 8.58 mm.

The surgeons were blinded to the presence of the tibial stress and the loaded tibial
support; the anterior tibial pad and posterior calf pad load were digitally excluded.

A power analysis was conducted, and it calculated an effect size (Cohen’s d) of 0.77
(2.0 mm divided by 2.6 mm). After setting an alpha value of 0.05, a one-tail paired t-test
required 12 patients to obtain a power of 0.8 (R ver. 4.4.0 with RStudio ver. 2023.09 with
pwr package ver. 1.3-0—function pwr.t.test).

A paired t-test, a Pearson correlation coefficient and the Levene test were used (C.I.
95%—p < 0.05). All data analyses were performed using IBM SPSS 28 Inc. (Armonk,
N.Y,, USA).

3. Results

The patients were evaluated within 15 days from trauma (range, 5-13, median
8.9 days). The mean of the differences between “Static” and “AP stress” measure con-
ditions indicate the whole knee posterior translation and was calculated at 7.1 & 5.7 mm
(p < 0.001) (Figure 6). The mean of the differences between “Static” and “APs brace un-
loaded” measure conditions show the static control of the knee with the brace and was
calculated at 2.68 + 3.4 mm (p < 0.027) (Figure 6). A positive linear correlation between
these measures was observed (r = 0.856). The mean of the differences between “AP stress”
and “APs brace loaded” measure conditions define the ability of the brace in reducing tibial
posterior displacement during antero-posterior stress conditions (dynamic control) and
was calculated at 6.81 £ 4.3 mm in favor of “APs brace loaded” (p < 0.001) (Figure 6) (see
Supplementary Materials for individual test results). A positive linear correlation between
these results was observed (r = 0.834). The Levene test found variance homogeneity of
measures reported by the three surgeons in each condition and showed the reproducibility
of the method despite surgeon experience.
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POSTERIOR TIBIAL DISPLACEMENT
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Figure 6. Posterior tibial displacement (C.I.: Confidence Interval). Boxes represent the confidence
intervals, the vertical lines within the boxes indicate the medians, and the dashed lines denote the
range of values. Pink: test without brace; blue: test with brace.

4. Discussion

Conservative management of acute PCL lesions can yield satisfactory clinical long-
term results if posterior knee stability is maintained [13]. Previous studies have emphasized
that the prolonged use of a rigid brace or cast immobilization after PCL injury may cause
knee joint stiffness and muscle atrophy leading to impaired knee function [11,12,14]. A
dynamic knee brace can overcome these short- and medium-term complications allowing
up to 90° knee flexion while applying posterior to anterior force on the tibia [4,12]. This
function improves femoral tibial congruency, as shown by Heinrichs et al. [13], allowing an
earlier return to and more physiological ambulation. Rasmussen et al. and Ahn et al. [6,7]
demonstrated that flexion-assisted bracing may yield better clinical and imaging outcomes
than immobilization alone. Compared to a straight brace, a dynamic brace is better tolerated
by patients: poor tolerance and high dropout rates were reported for rigid braces due to
discomfort and reduced quality of life [16]. Increased and more comfortable use, improving
treatment adherence, has been reported [7]. Thus, this new approach appears to be a
viable conservative option for acute PCL injuries, with the potential to improve short-term
biomechanical outcomes and prevent chronic instability.

This study was focused on the use of a dynamic brace applying a posterior tibial
force for the conservative management of acute PCL injuries, aiming to reduce posterior
tibial translation. All patients included in the study had acute injuries diagnosed and
evaluated within 15 days from trauma, a time window during which no ligament healing
had occurred, avoiding potential bias derived from partial tissue healing during testing [5].
For objective assessment of posterior tibial translation, the Telos device was used since it is
identified as the most sensitive tool for detecting PCL instability and minimizing rotational
artifacts [15]. This setup ensured accurate and reproducible measurements. A 150 N of
anterior to posterior applied force was chosen as suggested by previous studies [13-15].
Heinrichs et al. [13] assumed that patients might not be able to tolerate that amount of
force being applied to the calf for a prolonged period of time. The posterior brace pad
loading of 50 N was chosen based on biomechanical evidence suggesting that an applied
brace with an anteriorly directed force of 50 N was necessary in order to restore posterior
tibial translation to physiological values Heinrichs et al. [13]. Although the ideal loading
threshold value for PCL failure is not defined in the literature, this experimental protocol
resulted in effective testing in the behavior of the dynamic brace.
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The strengths of the study are: All tests were conducted within 15 days from trauma,
ensuring optimal evaluation during the healing window. A standardized protocol was
applied for all patients by a single experienced operator: stress radiographs were performed
using a validated device (Telos) and a sensor device which confirmed that the posterior
pad was loaded to reach 50 N. Three blinded orthopedic surgeons, with different degrees
of experience, performed the measurements with a high inter-observer reliability and a
lower bias risk.

The weaknesses of this study are the relatively small number of patients and the
heterogeneity of lesions: 11 patients, seven of whom presented multiligamentous injuries.
However, due to the low incidence of PCL tears and isolated PCL injuries, it is quite difficult
for a single center to collect a large amount of isolated acute PCL lesions.

Based on literature about the topic, to our knowledge no consensus about a recognized
MCID (minimum clinical important difference) exists, which makes it difficult to conduct a
power analysis. However, from a recent study by Brown et al. [17], it seems that 3.7 mm in
posterior tibial displacement (PTT) for a patient affected by a PCL injury acts a threshold
between “good” outcomes and worse symptoms. Another study [18] provided us with
the mean and standard deviation for PTT in this kind of patient, which appeared to be
5.7 £ 2.6 mm. Given that it is reasonable to search for an effect size superior to the distance
between the mean and the threshold, we calculated an effect size (Cohen’s d) of 0.77
(2.0 mm divided by 2.6 mm). A post hoc test with a sample size of 11 patients with the
same parameters returned a power of 0.767, which we reasonably think is sufficient to
draw our conclusions. The confidence intervals are wide because of a limited sample size,
which, however, is very common in this field of research. However, for these reasons we
expressed caution in generalizing our results.

A weight-bearing kinematic evaluation, such as a gait and dynamic knee motion
analysis, was not carried out due to the limited research fundings.

To the best of our knowledge this is the first study that tests the reliability of a dynamic
brace under loading on patients with acute PCL injuries. The aim was to evaluate only
the effectiveness of a dynamic brace with posterior tibial support in reducing posterior
tibial translation in acute PCL lesions. Clinical evaluation in terms of functional recovery,
knee stability, and return to sport activities were not considered since it was beyond the
objectives of our study.

Future studies on this topic may include a kinematic analysis to study biomechanical
behavior of the knee with the dynamic brace, medium- and long-term patient reported
outcome measures (e.g., IKDC, Lysholm, KOOS) to correlate with stress-radiographic
findings, and a randomized prospective study comparing the dynamic knee brace with a
straight brace in conservative treatment of acute PCL lesions.

5. Conclusions

This study demonstrates that the dynamic brace provides effective biomechanical
reduction in posterior tibial translation in acute PCL injuries. These findings support the
potential role of dynamic bracing in conservative treatment protocols.

Supplementary Materials: The following supporting information can be downloaded at: https:

/ /www.mdpi.com/article/10.3390/healthcare14070953/s1, Table S1. Results of individual patient
tests according to the evaluations of the three different operators.
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