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Abstract: Proximal femoral varization osteotomy is a well-established surgical procedure in children

with severe hip problems. This study aimed to evaluate the fixation stability and stiffness of two

new implant systems. A biomechanical testing model was created with a total of 12 synthetic femora.

Proximal femoral varization osteotomy was performed in every femur, and the synthetic femora

were fixed with two different implant systems (PediLoc Locking Proximal Femur Plate System versus

PediLoc Locking Cannulated Blade Plate System; OrthoPediatrics, Warsaw, IN, USA). The average

torsional stiffness of the locking plate group was higher than for the cannulated blade plate group.

Differences in internal and external rotations were seen between the two groups, but they were

not significant. Using the tested implants in severe osteoporotic bones might show other results.

Therefore, it might be helpful to use the locking plate system in osteoporotic bones and in cases of

revision operations where stability is of critical focus.
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1. Introduction

Proximal femoral varization osteotomy is a well-established surgical procedure in children with

different hip problems, such as developmental dysplasia of the hip (DDH), containment in Perthes

disease, and hip dislocation or subluxation in severe cerebral palsy (CP) [1–9]. In the literature,

older implant systems had higher complication rates and longer time to bone union [8].

To simplify the procedure and to stabilize the fixation, new blade plate systems were developed [9].

Given the low complication rates and postoperative mobilization under full weight bearing, fixed-angle

blade plates became the most used implant over time [2,4–6].

Clinical studies with the new implant systems comparing blade plate and screw-side plate show

generally good results [2,10–12]. Jain et al. described a rate of implant-related fractures of 2.5% in all

patients, and they found no significant difference between the blade plate and screw-side plate [11].

Trainee surgeons had preference for cannulated blade plate when learning proximal femoral osteotomy,

analyzing cannulated blade plate versus fixed angled blade plate. The fixed angled blade plate group

had a higher prevalence of technical errors. However, radiological results were similar regarding

migration and neck shaft angle [12]. In contrast, little is known about the biomechanical stability of the

new implant systems used in proximal femoral varization osteotomy [1–3].
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Synthetic bones are often used as a substitute for human tissue in biomechanical in vitro

investigations. In certain applications, they show good agreement in terms of macroscopic mechanical

properties and anatomy [13]. A further advantage is their standardization and the associated

low variance.

This study aimed to evaluate fixation stability and stiffness of two new implant systems

(PediLoc Locking Proximal Femur Plate System versus PediLoc Locking Cannulated Blade Plate

System) using a synthetic bone model.

2. Materials and Methods

2.1. Specimens

A total of 12 synthetic femora with medium-sized and left-side geometry (#3403, 4th generation,

Sawbone, Pacific Research Laboratories Inc., Vashon, WA, USA) bones were used for the study.

The specimens were divided into two groups of patients using PediLoc Locking Proximal Femur Plate

System (F-PL group) and PediLoc Locking Cannulated Blade Plate System (G-CBP group).

On every femur, proximal femoral varization osteotomy was performed by a surgeon and in

accordance to the user manual. The closing was 10◦ from the medial side: five femora were fixed

with a PediLoc Locking Proximal Femur Plate (size 90◦ × 3.5-mm plate, 12-mm offset, 3 holes,

OrthoPediatrics, Warsaw, IN, USA) and seven with a PediLoc Locking Cannulated Blade Plate

System (size 90◦ − 50 × 10 × 3, OrthoPediatrics, Warsaw, IN, USA). The proximal end of the prepared

specimens was embedded into a metal shell using cold-curing three-component resin (Rencast FC52/53

Isocyanate, FC53 Polyol, Füller DT 082, gössl&pfaff GmbH, Karlskron/Braulach, Germany).

2.2. Mechanical Testing

Biomechanical investigations were carried out on a servohydraulic material testing machine

(MTS MiniBionix I, Model 858, Eden Prairie, MN, USA) and a custom-made experimental setup.

Two different loading scenarios were selected. First, the torsional stiffness of all specimens was

investigated without harming them. After axial torsion, the so-called Hayes fall investigations were

carried out. The experimental setup allowed measuring the force applied to fracture the proximal

femur or damage the implant, and was based on the Hayes fall [14,15].

2.3. Axial Torsion

The synthetic femora were mounted between two universal joints to apply a purely torsional

load (Figure 1). The distal part of the specimens was fixed to the lower cardan joint. The load was

applied to the specimen via the second cardan joint at the top. The specimens were axially loaded with

a static force (compression) of 100 N. First, a cyclic internal rotation was performed by introducing a

torsional moment of 0 to 3 Nm into the proximal end of the specimens. After 100 cycles of internal

rotation, an external rotation with 100 cycles was performed with the same load. The specimens were

not harmed during the torsional test. Time, cycles, angle, torque, and force were recorded with a

sampling rate of 1 kHz.
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However, this difference was not significant (Figure 3A,B). Moreover, the F-PL system has proximal

locking screws to ensure that bending moments were further reduced during loading.

The proximal femoral strength of the osteotomized synthetic femora was tested with a setup to

simulate a sideways fall onto the great trochanteric region. All specimens (both groups) showed plastic

deformation of the implants at the end of the testing. No fractured synthetic bones or torn screws were

seen in any group. The mean force where implant failure occurred was significantly higher in the

F-PL group than in the G-CBP group. That the F-PL plate has a significantly higher rigidity and load

to failure can be due to its construction. With 19 mm, the F-PL is 8 mm wider in the proximal and

highly stressed gap area than the G-CBP. Both plates have approximately the same 3-mm thickness.

This results in a higher moment of inertia of the F-PL, which is reflected in the results of the proximal

strength. That there were no significant differences in torsion can be due to the fact that the G-CBP has

a cannulated blade plate.

A recent study has shown that the design of the blade plate is relevant for stability [16]. After the

addition of a proximal screw, the pullout strength increased even if the axial loading properties of

the blade plate did not increase [16]. Considering these and our results, we suspect that design

modifications might influence biomechanical results, and we hypothesize that adding a screw to the

blade plate will not necessarily lead to better results. Further investigation might be helpful.

The fourth-generation synthetic femoral sawbones were used for testing. In a previous study,

these femoral sawbones showed generally good agreement in terms of mean anatomy and macroscopic

mechanical properties [13]. They are standardized and have low variance because of their biomechanical

behavior. As regards testing, we expect comparable good results in vivo, as previously described [4,9].

However, most varization operations are performed in growing children [8,11,12]. The diversity of

the growing skeleton cannot be represented by the sawbones used. Due to ethical consideration, we

would disclaim interventional clinical trials analyzing stability with pediatric patients. Further studies,

for example, on failed implants after osteotomy of the femur (in vivo) might help us better understand

the stability and stiffness of the implants used.

A typical indication for the operation is coxa valga and excessive anteversion in spastic CP [2,3,12].

In severe cases, the hip is subluxated or luxated, and additive soft tissue operation is necessary [3].

Younger patients are often between 4 and 8 years [3]. The synthetic femora used cannot be representative

for this pathologic anatomic situation. Furthermore, these patients have osteoporotic bone and reduced

state of health, causing problems during treatment. This has to be investigated further in vivo.

In this study, comparable results were described in both groups. Using the tested implants in

severe osteoporotic bones might show other results. Torn screws or fractured bones might occur.

Concerning our results, we decided to use the F-PL in osteoporotic bones and in cases of revision

operations. However, further biomechanical and in vivo tests in osteoporotic bones are necessary.

One further limitation of the study is the simplification of the loads that actually affect the

musculoskeletal system. No combined load scenarios were applied, which do not fully correspond to

reality, but facilitates the interpretation and comprehensibility of the results. However, the simulation

of a sideways fall on the greater trochanter region is a frequently used method to examine the load

capacity in the area of the osteotomy gap [14,15].

The results of this study showed that it is not possible to make a statement about possible intra-

and postoperative complications. Blood loss, operation time, delayed union, implant loosening,

and wound infections are typical parameters that should be evaluated in further comparative in vivo

studies. Radiographic analyses of changes in containment should also be evaluated. In regard to

existing studies, we expect comparable good results for these parameters [9,11,12].

Implant-related fractures along the two different implant systems (blade plate versus screw side

plate) have been evaluated [11]. A previous study showed that no observed significant differences [11]

may support our results on stiffness and stability. Therefore, differences in the design of the plates do

not necessarily lead to significant differences in stability, even if we must await further studies with

our two implant systems in vivo before making a definitive statement.
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The correlation between surgeon experience and operative results is well explored [12].

All osteotomies in this study were performed by a well-experienced senior surgeon to prevent

learning curve effects.

In a study analyzing CBP versus fixed angled blade plate, trainee surgeons were found to have

preference for CBP when learning proximal femoral osteotomy [11]. In the present study, we decided

to use the CBP for our trainee surgeons in their first year. Severe cases, such as osteoporotic bones and

the use of PL, are reserved to senior surgeons in our department.

In conclusion, the average torsional stiffness of the locking plate group was higher than for the

cannulated blade plate group. Differences in internal and external rotations were seen between the two

groups, but they were not significant. Using the tested implants in severe osteoporotic bones might

show other results. Therefore, it might be helpful to use the locking plate system in osteoporotic bones

and in cases of revision operations where stability is of critical focus.
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