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Abstract. The presented article is an original contribution which implies the design of a 
specialized modular device used at the different surgical procedures applied at the human knee. 
The increasing of the precision and quality of the surgical procedures using specialized devices 
is an important goal both for the engineers and for the doctors. In the paper are presented some 
diseases which affect the human knee and also the possibilities of surgical treatment of those. 
The main knee pathology which was researched, regards the axial deviations of the human lower 
member and correction using HIGH TIBIAL OSTEOTOMY (HTO) in all possibilities: with 
opening wedge or closing wedge, medial or lateral, uniplanar or biplanar. The complexity of 
these surgical procedures from geometrical point of view opens up the possibility to increase the 
quality of the medical act through using specialized devices. In this regard, in the present article 
it is approached the design and the modelling of the modular device destined for the knee surgery 
using HTO techniques. The main objectives are: establishing the needs and requirements that the 
device should accomplish, the identification of the primary functions, the development of the 
implementation solutions, the synthesis of these solutions and finally the 3D design of the device 
using Catia V5R20. 

1. Introduction 
In order to understand from a biomechanical and geometrical point of view the axial deviations existing 
in the lower limb, several considerations about the correct alignment of the leg bones in the case of the 
healthy patient are important. The correct alignment test is given by the collinearity of the straight 
segments connecting the center of the femoral head, the center of the knee joint and the center of the 
ankle. Any deviation from this axis becomes an axial deviation (Figure 1). Unfortunately, these 
deviations are quite common nowadays, the main cause being osteoarthritis characterized by the wear 
of the articular cartilage and the knee joint degradation [4, 9]. Osteoarthritis at the knee level is also 
called gonarthrosis, and it is predominant in female patients, and can occur at people aged between 40 
and 70 [4, 1]. 

These deviations cause an abnormal strain of the knee with a displacement of the mechanical axis 
from the center to the medial or lateral, the worn-out cartilage will be overstrained, which further causes 
its wear and therefore further increase the deviation. The two effects potentiate each other thus entering 
a vicious circle which will lead to generalized arthrosis changes in the knee joint.  

As shown in Figure 2, the mechanical axis of the leg passes through the center of the femoral head 
and the ankle but in the knee area it is displaced to the medial as a result of an intraarticular cartilage 
wear in that area. 

http://creativecommons.org/licenses/by/3.0
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In order to perform the axial correction from a geometric point of view, the following steps are taken: 
the mechanical axis of the lower limb (Figure 2.a) is drawn by joining the center of the femoral head 
with the center of the ankle joint (the blue axis), another axis (the red axis) is drawn starting from the 
center of the femoral head and passing through the center of the knee joint which will obviously be 
projected outside the center of the ankle joint. Many times, an over-correction is made, taking into 
account the predisposition of the patient in question to the continuous wear of the intraarticular cartilage. 
The third step will be the establishment of the hinge point or CORA (Center of Rotation of the 
Angulation) (Figure 2b). The literature recommends a distance of 20 millimeters from the articular plane 
and 10 millimeters from the lateral surface. The second point O is established (Figure 2b) located on the 
cortical opposite to point B in the area where the blue axis intersects the tibia in the front view. The thus 
determined BO line will represent the trace of the cutting plane in front plane. To determine the rotation 
angle α, a line is drawn from the CORA point to point S, the center of the ankle joint. An arc is drawn, 
with the center in the CORA point, and having a radius equal to the distance between CORA and S until 
it intersects the line initially drawn (the red axis). The S' point is obtained. The angle α, between the two 
lines: CORA-S and CORA-S', is the correction angle and the line joining the center of the femoral head 
and the S' point is the new corrected mechanical axis. In order to effectively obtain the correction, a 
rotation of the CORA-O segment is performed around the same hinge point CORA with the angle α up 
to the CORA-O' position. The visible materialization of this geometric correction is made by the High 
Tibial Osteotomy surgical procedure (HTO). 

2. High tibial osteotomy (HTO) 
One of the common procedures in the surgical practice of correcting the axial deviations of the inferior 
limb is HIGH TIBIAL OSTEOTOMY (HTO). This is a surgical technique involving the creation of a 
bone wedge in the proximal tibia in order to eliminate the axial deviations suffered in the lower limb. 
The main purpose of the intervention is to realign the mechanical axis of the lower limb and, 
consequently, to redistribute the forces in the joint by unloading the affected section [5, 6, 10, 11, 16]. 
The main limitation of the correction is an angular one, not being allowed to exceed 18-20°, for larger 
values it is necessary to perform total prosthesis. 

  

 

 

 Figure 1. Mechanical axis of 
the human leg. 

 Figure 2. Axial deviations and correction 
from a geometrical point of view. 
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HIGH TIBIAL OSTEOTOMIES (HTO) performed in the lower limb area can be classified according 
to several criteria such as: depending on the type of osteotomy wedge, there can be opening wedge or 
closing wedge osteotomies, when the incision (incisions) is initiated from the medial area the osteotomy 
is medial, and when it starts from the lateral area, the osteotomy is lateral and depending on the number 
of the cutting planes, there are uniplanar or biplanar osteotomies. 

Figure 3 shows the osteotomy in the proximal tibia and both the opening wedge osteotomy and the 
closing wedge osteotomy are presented [7, 8]. It can be seen that in the case of closing wedge osteotomy 
(Figure 3a) two cuts are performed, the resulting wedge is eliminated, the cuts are placed one over the 
other with the axial correction of the tibia. In the case of the opening wedge osteotomy, a single cut is 
made, and the wedge is dome by the angular opening of the two resulting surfaces. In terms of the area 
where the cuts are made, Figure 3a shows a lateral osteotomy, and Figure 3b shows a medial one. It 
should be mentioned that the medial approach, both in the case of the closing wedge and the opening 
wedge, does not involve cutting the fibula, which can be an important advantage. 

Figure 4 shows a biplanar osteotomy in the sense that there are two sectioning planes, one in which 
the osteotomy wedge is performed and one that makes an angle of about 110° with the first and divides 
the tibial tuberosity. The degree of success of the intervention depends on good geometric planning. 

3. Designing and modeling of the modular device used at the high tibial osteotomy (HTO) 
Increasing precision in performing this surgical technique is a very important goal in order to achieve 
good long-term results. That is why we want to suggest designing a specialized device for performing 
these techniques.The purpose of designing this device is to increase the dimensional and geometric 
precision of the surgical technique, in particular by conducting the strain relief hole in the CORA hinge 
point both in position and diameter and in the exact angular positioning of the cutting plane or planes. 
It is mandatory to proceed in designing the device from the requirements and needs that it must meet. 
This implies first of all the quality and the precision of the surgical procedure. Without a specialized 
device, the cuts intended to achieve the osteotomy wedge are made only based on the skill of the surgeon 
by means of the radiological control providing only 2D images. Because the approach needs to be 
spatial, the requirement for a specialized device is obvious. An important starting point for doing this is 
the models and the inventions in the European and American literature [2, 3, 12-15] which, however, 
appear to solve punctual problems, do not provide an overview of the requirement specific to the 
operation and neither a large degree of generality. Under the given conditions, the main objectives of 
conceiving and designing this device are the following: 

� establishing the requirements and the needs that the device has to meet; 
� identifying the primary functions; 
� developing the implementation solutions; 
� 3D modeling and designing the device; 
� assembling the device on the tibia. 

 

 

 

Figure 3. High tibial osteotomy (a – closing, b – opening).  Figure 4. Biplanar opening medial 
osteotomy [11]. 
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A first requirement would be that the device approaches both the opening wedge and the closing 
wedge osteotomies, both the medial and the lateral ones, both the uniplanar and the biplanar, which 
involves a generalized, parameterized and modularized approach. 

To summarize, in both situations (closing-opening) it is necessary to create a wedge having a peak 
angle equal to the angle of the axial deviation of the lower limb. For the closing osteotomy, two cuts are 
made, the resulting bone wedge being removed and the bone fragments of the tibia realigned by closing 
the wedge. In the case of the opening osteotomy, a single cut is made, and the fragments are realigned, 
resulting in a gap through the opening of the wedge. 

It is also necessary to establish specific requirements based on the geometric configuration of the 
tibia, the bone on which the device will be assembled. For this purpose, the orientation and the fastening 
surfaces must be studied in relation to the adapted surface. These will be on the tibia and the reference 
planes required are (Figure 5a): 

� the sagittal plane medially crossing the anterior-posterior knee; 
� the plane tangential to the tibial plateau located between the medial and lateral condyles of the 

tibia; 
� the vertical planes, tangential to the medial and lateral surfaces of the tibia.  

Using the same projection, we can define the minimum execution area of the CORA that the projected 
device will be able to mark through a bore hole. This area is bounded by two offset planes located 20 
mm from the tibial plateau and 10 mm from a plane parallel to the sagittal plane and tangential to the 
lateral surface of the tibia (Figure 5b). Even though there is no consensus on the two dimensions in the 
literature, however, most sources recommend these minimal dimensions. The position of the hole was 
established only in the frontal plane but the bore hole will not be perpendicular to this plane as, viewed 
from the sagittal plane, the tibial plateau is not horizontal but has an inclination towards the rear by 
about 7-10 degrees (Figure 5c) and therefore it is necessary to incline all the cutting planes that should 
take this aspect into account. 

Considering the geometrical configuration of the tibia, we believe a short prism orientation surface 
is suitable. (Figure 5d). 

Starting from the above-mentioned requirements, the main functions that the device must perform 
are the following: 

� positioning, guiding and fixing the short prism orientation element on the tibia in accordance with 
the previously described planes; 

� the existence of a system for positioning the CORA in relation to the reference elements; 
� the possibility to drill a hole in the CORA with the ability to change the hole diameter; 

the possibility to displace the CORA on two perpendicular axes in a controlled manner; 
the possibility to perform the cut or cuts needed to make the osteotomy wedge; 

� the possibility to control the angles of the osteotomy wedge; 
� the ability to guide the cuts mandatorily in the CORA hole (the convergence of the cuts). 

 

 

 

Figure 5. Geometrical references for HTO.  Figure 6. Fixation prisms elements. 
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Starting from these functions, technical and constructive solutions were sought for their implementation. 
Using creative design-modeling methods, we reached a number of proposals which are described below. 

For the orientation of the tibia two constructive elements are suggested: a double prism in which a 
movable prism can be guided (Figure 6). Care should be taken to ensure that the upper surface of the 
double prism is tangential to the tibial plateau and thus to achieve that posterior inclination of 7-10 
degrees. From the point of view of the anterior posterior positioning, it will be placed in such a way as 
to ensure the mounting of the mobile prism and good access to the osteotomy area. 
 

 

 

 

Figure 8. Mobile prism – constructive elements.  Figure 9. Palpate pin, slider part 
spigot, bush support plate. 

 
From a constructive point of view, it can be noticed that the double prism (Figures 6, 7) has an 

absolutely symmetrical construction in the idea of being able to use it for both the medial and the lateral 
areas. In the lateral areas there are guiding channels in which the mobile prism will be adjusted. In the 
upper part, it has two elongated channels in which it is possible to adjust and fix a connecting part prior 
to fastening the double prism to the bone or the cutting elements after the fastening. These elements will 
be positioned axially along the channel at the bottom of the prism. On the front of the double prism there 
are also three holes through which the screws will be inserted for fastening the device on the tibia. 

The movable prism (Figure 8) has a double prism adjustment area and a geometric configuration 
specific to its functional role. In the body of this part there are a series of channels whose functional role 
will be described below. 

Thus, the lateral palpate pin (Figure 9a) responsible for the contact with the lateral cortical of the 
tibia will be adjusted in both the lateral palpate channel and in the palpate pin adjustment channel. Also 
the slider part spigot (Figure 9b) will be adjusted in this channel. The bush support plate is assembled 
on the cylindrical area of the slider. 

 

Figure 7. Fixation prisms elements. 
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In order to position the double prism, it is fastened to an intermediate part fixed to an ergonomic 
handle (Figure 7). After evaluating the correct position of the double prism, it will be fastened in the 
tibia by means of the fixing screws. After the fastening, the intermediate part and the handle are 
removed, the double prism being in fact the control element according to which all the operations will 
be carried out. 

The mobile prism will be adjusted on the double prism using the adjustment channel (Figure 8) until 
the inclined surface of the moving prism will be in contact with the lateral cortical surface of the tibia 
as in Figure 6. This position will be maintained by fastening the mobile prism to the fixed one by means 
of special screws. 

The above described parts are assembled resulting in a first modular device used to position the system 
and making the CORA bore hole (Figure 10). The operation of the device largely results from the previous 
constructive description. Thus, after aligning and fastening the bone relative to the two prisms, the lateral 
palpate pin is moved laterally through the palpate adjustment channel until it comes into contact with the 
lateral surface of the bone. It is fastened in this position with the help of the notched nut 1 (Figure 10). 
The slider can move within the same channel as the palpate pin, independent of it. When the side surfaces 
of the slider and the palpate pin are in contact in this position, the slider bush has an axis positioned 8 
millimeters to the side of the bone (Figure 10). To achieve positions greater than 8 millimeters, a 
controlled (graduated) displacement of the slider relative to the mobile prism is achieved. On the 
cylindrical area of the slider, the bush support plate is fastened to it by means of the nut 3. 

The bush support plate (Figure 11b) has a drill hole on its surface in which the drill bushes 4 of 
different interior dimensions (Figure 11a) can be mounted. This ensures the possibility of executing 
boreholes of different sizes only by changing the bushing. In this position the axis of the guiding bush 
4 is 2 cm from the upper surface of the double prism, determining the position of the CORA relative to 
the tibial plateau. For larger distances, a set of bush support plates (Figure 11b) of different sizes can be 
used to control the CORA position in this direction. The CORA bore will be done by drilling through 
the guide bush 4.  

After the bore is completed, the movable prism is removed with the parts mounted on it, the assembly 
remaining as in Figure 12. 

Figure 13 shows the device for making closing osteotomies. The new constructive elements are: the 
notched pin 1 which has the role of performing the CORA bore, and by the made notch even its axis, 
the control rod 2, the fastening screws 3, the adjusting screw 4 and the cutting body 5. 

 

Figure 10. Device for achieving the CORA holes. 
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Figure 11. a. Bush guide, different 
diameters; b. Bush support plates. 

 Figure 12. Tibia after drilling CORA hole. 

 

 

 

 

Figure 13. Device for closing High Tibial 
Osteotomy – geometrical positioning. 

 Figure 14. Device for closing High Tibial 
Osteotomy – manufacturing of the cuts. 

 
From a functional point of view, the notched pin 1 is inserted into the CORA bore. After inserting 

the pin for performing the cuts, the cutting body 5 is mounted on the double prism. It is designed to 
perform the closing osteotomy which requires the execution of two cuts, the correction angle being the 
angular measure between the two cutting planes. 

The cutting body 5 has radial channels arranged angularly from 2 to 2 degrees. The constructive 
design is made in such a way so that the first channel is parallel to the superior side and its plane of 
symmetry will pass through the axis of the CORA bore (Figure 13). In order for the cuts to be 
convergent, the position of the cutting body relative to the double prism is very important in the CORA 
bore. The positioning of the body (Figure 13) is achieved using the control rod 2, which is mounted in 
the notch parallel to the tibial plateau having the axis contained therein. As soon as the tip of the rod 2 
reaches the notched area of the pin 1, it is necessary to bring the cutting body into the channel on the 
rod. Then CORA becomes the center of the circular area where the radial channels are. This can be done 
by means of the positioning screw 4 that moves the body and brings it to the desired position. After this 
convergence, the position is maintained by means of the screws 3. 

After the fastening, the notched pin 1 and the control rod 2 are extracted and the first cut can be made 
parallel to the tibial plateau, by means of the oscillating saw. (Figure14). After this, the second cut is 
made at an angle equal to the correction angle. Correction angles of 4 to 20 degrees with a two-degree 
increment are allowed. 

Regarding the opening osteotomies, a more frequently used procedure, both uniplanar and biplanar 
osteotomies have been approached. The modular constructive element that differentiates the device 
variant is the cutting body (Figure 15). Its geometric configuration results from the surgical technique. 
As previously mentioned, a single cut is made for the opening osteotomy which has a certain inclination 



8

1234567890‘’“”

KOD 2018 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 393 (2018) 012130 doi:10.1088/1757-899X/393/1/012130

 
 
 
 
 
 

towards the tibial plateau and which obviously has to reach the CORA. Consequently, the cutting body 
will have the same shape (Figure 15), with the difference in the radial channel spacing, which will be 
rarer, 3-4 positions corresponding to the inclination of the sectioning plane. In this case the correction 
angle is given by the angular distance that creates the osteotomy wedge. The channel parallel to the 
superior surface of the body was maintained as a position control element. 

The cut is achieved through one of the radial channels. In the case of the biplanar osteotomies where 
two cuts are required, the cutting body (Figure 16) is designed as such, each radial channel being 
intersected by the second osteotomy plane placed 110° to the first. Planes perpendicular to the respective 
radial channels were built in order to draw these channels. The device for biplanar opening osteotomies 
is shown in Figure 16. In order to achieve the technique, the double prism had to undergo a constructive 
change. It had to be shortened (Figure 16) to allow the cutting blade to access the second plane. Since 
in the CORA achievement phase the double prism has to have the configuration of the uniplanar 
osteotomies, the connective part 1 has been created (Figure 16), which, after the CORA is completed, 
will be removed. As in the case first, the notched pin and the control rod are removed, and the two cuts 
are performed through one of the radial channels and the inclined channel belonging to it.  

4. Conclusion 
The design of such a generalized modular device allows the performance of all kinds of osteotomies: 
lateral, medial, closing or opening, uniplanar or biplanar, under high geometric and dimensional 
precision conditions. The presented article is characterized through a high degree of originality, 
practically the resulted device being in a proportion of 100% the contribution of the authors. Also, it 
results that using such a device facilitates the surgical procedure, making it a more precise and safe one. 
The patients have definite advantages because a correct and precise surgery is the best premises for a 
fast recovery and a fast resuming of the daily routine. 
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