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Abstract: This article presents an experimental approach to the geometrical planning of the medial
opening wedge high tibial osteotomy surgery which, as it is known, is an efficient surgical strategy
quite widely used in treating knee osteoarthritis. While most of the published papers focus on
analyzing this surgery from a medical point of view, we suggest a postoperative experimental
evaluation of the intervention from a biomechanical point of view. The geometrical planning and,
more specifically, the determination of the point of intersection between the corrected mechanical axis
and the medial-lateral articular line of the knee, is a problem quite often debated in literature. This
paper aims to experimentally investigate the behavior of the tibia with an open wedge osteotomy
fixed with a locking plate, TomoFix (DE Puy Synthes), taking into account two positions of the
mechanical axis of the leg on the width of the tibial plateau, measured from medial to lateral at 50%
and 62.5% (Fujisawa point), respectively. The variations of the force relative to the deformation,
strains, and displacements resulting from the progressive loading of the tibial plateau are studied.
The research results reveal that using the Fujisawa point is better for conducting the correction not
only for medical reasons, but also from a mechanical point of view.

Keywords: medial opening wedge high tibial osteotomy; Fujisawa point; TomoFix plate; geometrical
planning

1. Introduction

Osteoarthritis (hereinafter OA) is a fairly common condition that occurs among adults
worldwide [1–5]. Most often, this disease affects the medial area of the knee by progressively
wearing off the articular cartilage in this compartment [6,7] and the consequences are the
appearance of pain and loss of joint function. This type of wear causes a varus-type axial
deviation [8–10] which increases the load in the same medial area [11] of the knee which is
already damaged.

The existing mechanical loads at the tibiofemoral joint are quite high, exceeding the
body weight several times [1]. When the body weight is supported by one leg while
walking, 55–75% of these loads are applied to the medial compartment of the knee [2–4].
Due to these loads, the wear of the intra-articular cartilage and the increase in the varus-
type axial deviation progress quite fast, being later amplified by the axial deviations that
are likely to appear [12].

From a geometric point of view, as can be seen in Figure 1b, osteoarthritis involves
decreasing the intra-articular space in the medial area and implicitly increasing it in the
lateral area, moving the point of intersection between the medial-lateral articular line and
the mechanical axis of the leg towards the medial area. In the case of a healthy knee, the
mechanical axis of the leg (the blue line shown in Figure 1a), which joins the center of the
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femoral head with the center of the tibiotalar (ankle) joint, passes right through the center
of the knee [13]. The wear of the cartilage in the medial area causes the mechanical axis to
move towards this area (blue line in Figure 1b), a displacement which is proportional to the
degree of wear of the cartilage.
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As described above, the knee loading will be defective, with a high probability that
the cartilage wear will progress and the disease will worsen.

One of the most effective surgical strategies meant to stop this process and restore a
proper knee loading is the open wedge high tibial osteotomy (hereinafter OWHTO) [13,14].
This intervention is especially suitable for young and active patients who desire a speedy
recovery in order to return to physical activities conducted prior to the disease and who
seek the postponement of more complex surgeries, such as total or unicompartmental knee
replacements [15].

The purpose of the OWHTO surgery consists in realigning the mechanical axis of the
leg so that it no longer crosses the worn medial compartment [16,17], implicitly obtaining a
correct loading of the joint.

Figure 1c presents the steps that are to be taken in order to correct this axial deviation,
using one of the most frequently used methods for geometrically planning the OWHTO,
the Minniaci method [17].

The first step consists in drawing a line (orange) that passes through the center of
the femoral head and through the point situated on the knee joint line, through which the
mechanical axis of the leg should pass after the correction. It is to be noted that the orange
line does not intersect the center of the tibio-talar joint (the S point on the blue line) at the
tibia level. The following steps have, as a final objective, the transfer of the center of the
ankle in the point S’ situated on the orange line (Figure 1c).

The second step consists in establishing two points: the hinge point B called CORA
(center of rotation of the angulation) and the O point, situated on the medial cortical of
the tibia, and called the initiation point of the cut of the osteotomy plane. The position
of these points results from the recommendations that have been made on the matter in
literature [18]. The osteotomy plane follows the BO line in the transversal plane and is
perpendicular to the limb frontal plane (Figure 1c).

The third step consists in performing the correction of the deviation by creating an
osteotomy wedge OBO’, with an angle α at its tip (Figure 1c). Performing this wedge causes
the center of the tibio-talar joint to move in the point S’ from the orange line, and thus, the
geometrical planning of the OWHTO is finalized.

As can be observed from the above, the most important step—on which the follow-
ing steps are dependent—is the first one, when the intersection point of the orange line
(Figure 1c) with the knee joint line is established.

Strictly from a geometric point of view, as stated above, this mechanical axis is con-
sidered aligned when it intersects the medial-lateral articular line at a point located in the
middle of the joint—the red line in Figure 1b.

In fact, there is a consensus in the surgical practice [18–22] regarding the requirement
to make an overcorrection through which the corrected mechanical axis would intersect
the joint not through the middle, but through points located closer to the lateral area of
the knee (the yellow and orange lines in Figure 1b). This overcorrection will generate an
offload on the worn medial compartment and a transfer of the load to the lateral area, thus
stopping the progress of the osteoarthritis [23,24].

Regarding the optimal positioning of the point on the medial-lateral articular line
through which the mechanical axis of the leg will pass after the OWHTO, there is no
unitary opinion.

There are, however, a few established approaches [18–26].
One of the widely used over-corrections in surgical practice is the one suggested by

Fujisawa, Y. et al. [18,19], indicating a position located at approximately 62–66% of the
distance measured from the medial to the lateral area, more specifically 62.5%—the orange
line in Figure 1b, a position known as the Fujisawa point.

Other research highlights the need for a correlation of the corrected mechanical axis
position with the degree of cartilage wear. Thus, if one-third of the cartilage is lost, the
mechanical axis should pass at 55–57.5% of the distance measured from the medial; if
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two-thirds of the cartilage is lost, the axis should pass at 60–62.5% of that distance, while in
the case of an almost total cartilage wear and loss, the axis should pass at 65–67.5% [20].

Following a study conducted on 116 patients [21] with medial compartment knee
osteoarthritis undergoing treatment with OWHTO, it was concluded that an optimal
overcorrection is one where the mechanical axis passes through the tibial plateau through a
point located at 71.93%, measured from the medial to the lateral area.

Even though there were authors [22] who recommended even higher values—75%
(yellow line in Figure 1b)—an excessive overcorrection is not recommended, as it can
lead to degeneration and wear in the lateral compartment which will cause other dys-
functions [18,25,26]. This happens because it is proven that with each 1 mm transfer of the
position of the intersection point of the mechanical axis with the medial-lateral articular
line, a load transfer of up to 41 N from the medial compartment to the lateral compartment
takes place [11]. This will result in considerable loads on the lateral compartment and
implicitly to the appearance of pain, decreased knee mobility, and the need to opt for a
prosthetic, which can be inserted with a total or partial knee arthroplasty [25,26]. The
working hypothesis of this study consists in experimentally verifying the fact that using
an overcorrection for the position of the leg’s mechanical axis when performing OWHTO
leads to a better biomechanical stability of the joint.

Consequently, the main purpose of this research is the optimization of the geometrical
planning of the OWHTO, by taking into account the optimal position of the intersection
point between the medial-lateral articular line and the corrected mechanical axis.

2. Materials and Methods
2.1. Experimental Research on the Study of the Postoperative Behavior of the Tibia-Osteosynthesis
Plate Assembly following the Opening Osteotomy

In this chapter, an experimental program will be conducted, aimed at studying the
postoperative behavior of the tibia-osteosynthesis plate assembly after performing high
opening tibial osteotomies.

The objective of the experiment is to evaluate the behavior of the tibia with an open
wedge osteotomy fixed with a locking plate, TomoFix (DE Puy Synthes), taking into account
two positions of the mechanical axis of the leg on the width of the tibial plateau. The two
positions are: the theoretical position of correction, situated in the middle of the medial-
lateral distance (red line in Figure 1b); and the Fujisawa point (orange line in Figure 1b),
which is the overcorrection position most frequently used in surgical practice.

2.1.1. Specimens

The specimens used in the experimental program are juvenile bovines’ tibias. Juvenile
bovine bones are very frequently used in biomechanical studies due to the fact that bovine
bones are most similar—as far as their behavior is concerned—to human bones [27,28].
Two tibias were used, one for each position of the corrected mechanical axis (50%, 62.5%).

The tibias were procured from an authorized butchery (i.e., that has all the necessary
approvals), that sells meat and meat products. Hence, the animal was not slaughtered for
the purpose of experimental research (but rather for a commercial one). The specimens
were acquired on the day of slaughter and were taken from the same animal in order to
ensure a very good similarity of the two specimens.

The OWHTO surgery was performed on the two tibias—the steps of the surgery have
been presented in Figure 2a–f.
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Figure 2. Performing OWHTO surgery on the two tibias (a–f); (a) CORA positioning; (b) Establishing
the positions of the initiation point of the cut of the osteotomy plane; (c) Drilling the CORA hole;
(d) Attaching the Kirshner wires; (e) Sectioning the osteotomy plane; (f) Positioning and mounting
the TomoFix plate.
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After cutting the osteotomy plane using appropriate surgical instruments and in
accordance with the surgical procedure used for real surgeries (Figure 2a–f), the correction
angle is performed and then stabilized with a plate, especially designed for this type of
surgery, called TomoFix.

The plate that was used is of the following type: TomoFix tibial head plate medial,
proximal (MHT) standard stature versions [17]. The plates 44.834S are made of pure
titanium. In the proximal section there are 4 threaded holes and in the distal section there
are 2 combination and 2 locking holes.

The angular correction was performed by means of a spacer calibrated at 10 mm
(Figure 2f). Figure 3a shows the sample of the tibia with the fastened TomoFix plate.
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Figure 3. Positioning and mounting of the TomoFix plate (a); Tibia-plate assembly prepared for the
experiment (b); Correction and stressing positions.

The purpose of the experiment is to observe the variation of the loading force in
relation to the deformation and the state of the local strain and displacements as a whole
for both the discussed situations (Figure 3b).

2.1.2. Experimental Stand

In order to carry out the experimental tries, a modular experimental stand was de-
signed and built, which allows a generalized approach to the experimental problems
regarding high tibial osteotomy.

As can be seen in Figure 4a the lower subassembly of the stand, mounted on the plate
of the machine, is made of two U-shaped frames providing the possibility to adjust the
angle up to 120◦ in each direction. In this regard, it is possible to position the tibia, the
orientation and fixing functions being provided by a self-centering clamping device. For
this experiment, the tibia is fastened upright.

The superior subassembly mounted on the mobile crosshead of the testing machine,
due to its construction, is suitable for both the intraoperative study of the closing high tibial
osteotomy and the postoperative study of the opening high tibial osteotomy, as shown in
this experiment.

The main functional element of the stand is roller 1 (Figure 4a) which will press on
the upper part of the tibia. The cylindrical roller 1 is fastened by a fork head bolt 2, which
is guided in the connecting part 3 at its upper side, allowing it to move forwards and
backwards. In order to perform left–right movements, part 3 is guided into the guiding
plate 4. Parts 5 and 6 have the purpose of controlling the position of the tibia. Orientating
the posterior part of the tibia on the vertical plane of part 5 guarantees the verticality of
the specimen. Plate 4 also has a prismatic area dimensioned in such a way that it can be
attached to the fastening device in the area of the mobile crosshead of the machine. The
two perpendicular movements that the roller can perform allow the application of force
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in the desired positions. The two translational joints are fixed during the loading phase.
Figure 4b shows the experimental stand physically built and prepared for the experiment.
It can be observed that the second assembly, the tibia–TomoFix plate assembly, is vertically
positioned in the self-centering fixture located on the ‘U’-type frame.
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ment (b).

The stand is mounted on the INSTRON 5587 testing machine, which has the following
characteristics:

• maximum load capacity of 300 kN
• recording of the force with a precision corresponding to class ASME 4-E or DIN 51,221

Class 1
• speed of the mobile crosshead ranging from 0.001 to 500 mm/min
• machine plate surfaces of 1403 × 851 mm
• Bluehill 2.0 software

The Instron 5587 tensile-compression machine has a load cell with +/− 0.25% linearity
and +/− 0.25% repeatability for reads in 0.4–100% of its capacity. The displacement control
loading condition has been applied with a 5 mm/min rate.

Regarding the planning of the experiment, the two tests were performed successively
on the two tibias. With the first one, the force was applied on the center of the knee joint
(tibia) while in the second test, it was applied on the Fujisawa point. The force acting on
the tibia reached the maximum value of 1000 N. This value was chosen because the studied
literature showed that, while walking, the knee joint can be subjected to forces exceeding 2
or 3 times the weight of the body [1].

The response functions of the experiment are the following: the variation of the
force relative to the deformation and the determination of the main deformations and
displacements during the application of the loads.

The facilities provided by the “INSTRON 5587 testing machine” are appropriate
for studying the variation of the force, but in order to determine the main strains and
displacements of the test specimens of the bovine tibia subjected to the compression
test, an optical system was required. In this sense, the Aramis system was used, which
is a system that—by means of two high-resolution cameras (charged coupled device
sensors)—measures the strains of the graphite network applied on the studied surface.
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This system enables real-time measurements of the strains that occur in the bovine
specimens subjected to compression.

The optical strain measurement system is equipped with its own software that per-
forms the command and the control of the system, as well as the acquisition and the
processing of data, such as: image recording control and post-processing, automatic scan-
ning of a series of images, 2D and 3D views, statistical analysis, or data export.

The Aramis 2M optical system used for determining the strains is produced by Gom
GmbH and has two lenses with a 50 mm focal length. The optical resolution of the
cameras is 1600 × 1200 and the maximum acquisition rate is 12 Hz. For the experimental
determinations of the strains, a 1 Hz acquisition rate was chosen and a f2.8 aperture was
selected in order to increase the luminosity. The cameras were positioned at 900 mm from
the measured bone. For calibrating the Aramis device, a calibration object (CP120 × 96)
was chosen, which determines the calibrated measurement volume of 125 × 95 × 70 mm3.
The calibration deviation was 0.018 pixels with a scale deviation of 0.001 mm. The strain
accuracy of the optical device is up to 0.01%. The Aramis dedicated software allows for
automatic image correlation after the experiment has concluded.

The main advantages of using this measurement system are the following: it pro-
vides complete three-dimensional information on the coordinates, displacements, strain
distribution, etc.; it uses a non-contact measurement method; the conducted analysis is
independent of the nature of the material and the local accuracy; and resolution is high (up
to ± 0.01%).

Basically, a thin layer of silvery, fast-drying opaque paint was applied to the studied
bovine specimens to prevent unwanted reflections. The specimen was allowed to dry for
a few minutes and, after drying, it was covered in a fine black graphite powder. Figure 5
shows the bovine specimens prepared for the tests in the two cases: loading the Fujisawa
point—Figure 5a; and loading the medial area—Figure 5b. The experimental results will be
presented in the next chapter.
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3. Results
Experimental Results Regarding the Study of the Postoperative Behavior of the
Tibia-Osteosynthesis Plaque Assembly after Performing an Opening Osteotomy

The variation of the force relative to the deformation for the experimental tests pre-
sented in the previous chapter is shown graphically in Figures 6 and 7. The first experiment
was performed with an 8 mm shift of the roller from the plane of symmetry of the machine.
This shift of the roller materializes the Fujisawa point, taking into account the dimensions
of the tibia-specimen.
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Figure 6. Variation of the force relative to the displacement—offset loading at the Fujisawa point.
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Figure 7. Variation of the force relative to the displacement—medial loading.

A smooth increase in the compression force, but a good stability of the system can
be observed in Figure 6. An approximately linear variation of the displacement up to the
value of 1 mm can be observed initially for small forces up to 100 N. The variation curve
then follows a parabolic rate up to a maximum displacement of 2.6 mm. The maximum
input load is of 1000 N. The graphical processing of the experimental data was performed
using the Instron machine software.

When the load is applied in the middle of the knee joint (Figure 7), the diagram in
Figure 7 shows behavior similar to the previous linear variation for loads up to 100 N, also
followed by a linear increase, but with a higher slope. The system is less stable than the
first one, with maximum displacements of up to 3.4 mm.

The strains and displacements were assessed by means of the Aramis optical strain
measurement system, and Figures 8–10 show the major strain ε1, the minor strain ε2, and
the total displacements for four loading stages, for both medial and radial loading.
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The following can be observed after analyzing Figures 8–10:

• The predominant strains are the compression strains (minor strain ε2, the maximum
values being 20% for medial loading and 10.6% for offset loading).

• The major strain ε1 has the maximum values of 7.21% in the case of medial loading
and 3.96% in the case of offset loading.

• From the point of view of the displacements that occur, it can be easily seen that
the maximum values in the vertical direction (Oy) are reached during the medial
loading −2.01 mm, while at offset loading (Fujisawa point) the maximum value of
the displacements is 0.639 mm in the positive direction of the Oy axis. This is due to
the fact that the stress is applied to the left of the tibial plateau and the stressing force
tends to twist the upper part of this plateau in the trigonometric direction.

Figures 8–10 show the experimental results for the loading stage of 100%. In the
experiment, successive evaluations of the strains for four loading stages—namely 25%, 50%,
75%, and 100% of the total loading stroke—were also performed. The results are shown in
Table 1.

Table 1. Values of major strain ε1 and minor strain ε2 during medial and offset loading corresponding
to a stroke of 25% (a), 50% (b), 75% (c), 100% (d) of the total loading stroke.

Stages of the
Loading Stroke

(Percent)

Medial Loading
(Percent)

Offset Loading
(Fujisawa Point)

(Percent)

Major strain ε1

25 5.624 2.99
50 6.165 3.31
75 6.509 3.75

100 7.21 6.96

Minor strain ε2
(modulus)

25 13.84 5.478
50 16.8 5.514
75 19.411 5.953

100 20 10.6

Figures 11 and 12 show the variations of the major strain ε1 and minor strain ε2 during
medial and offset loading (Fujisawa point) in the four loading stages.
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Figure 11. Variations of the major strain ε1 during medial and offset loading (Fujisawa point).
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As shown in Figure 11, the values of the major strains for the stage of the stroke of
25%, 50%, and 75% are almost double in the case of medial loading. For the stroke of 100%,
the values are closer together, but with a higher value for this loading.

In the case of the minor strains which, as mentioned previously, are the predominant
strains, the superiority of the loading in the medial point of the knee is evident. Thus, if for
the stroke of 100% the values of the minor strain are almost double in the case of medial
loading, for the other loading stages this difference is even greater, reaching values of over
300% for the strokes of 50% and 75%, respectively.

4. Discussion

The geometric planning of the OWHTO in general and the optimal position of the
intersection point between the medial-lateral articular line and the corrected mechanical axis
are approached in literature by performing preoperative and postoperative evaluations. The
preoperative evaluations are usually performed through 3D modeling and CAE (computer
aided engineering) simulations and seek the optimization, from a geometric point of view,
of the geometrical parameters that characterize the correction (CORA, initiation point of
the cut of the osteotomy plane, correction angle) [29], as well as the optimization of the
stability of the assembly consisting in the tibia—on which the OWHTO was performed,
and the TomoFix osteosynthesis plate [30–32].

A preoperative method can also consist of synthesizing clinical trials as presented
in [21], as previous experiences regarding the evolution and the stability of the intervention
can offer clues for optimizing the geometrical planning of the surgery.

Postoperative experimental evaluations, regarding the stability of the joint on which
the surgery occurred, were performed less frequently because they present a series of
limitations. The most important one consists in the fact that the experimental tries cannot be
performed ‘in vivo’ on human bones, thus it is necessary to perform the surgery on bovine
juvenile bones that have a very similar mechanical behavior. Despite these limitations, the
fact that the evaluations are actually performed by using experimental methods on a real
bovine bone–TomoFix plate assembly, they can provide a better indication of the surgical
outcome, as they provide actual feedback on the behavior of such an assembly. A very
important element in this sense is the fact that the bovine bone used has a heterogeneous
structure (cortical and spongy), similar to human bone.
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The research carried out in the present paper is considered to contribute to the opti-
mization of the geometric planning of the medial opening wedge high tibial osteotomy.
The experimental results are a considerable argument in this regard.

The results obtained in the experiments provide consistent information on the choice
of the optimal position of the intersection point between the medial-lateral articular line
and the corrected mechanical axis.

The variations of the force relative to the deformation shown in Figures 6 and 7 reveal a
better stability of the system in the case of the intersection at the Fujisawa point, resulting in
a displacement smaller by almost one millimeter compared to the midpoint of the joint. The
parabolic variation between force and deformation in the case of the Fujisawa point also
indicates a better load-bearing capacity and—as can be seen from the graph for high value
forces (700–1000 N)—the increase in the displacements is small (approximately 0.23 mm).
In the case of the other loads, at the same range of variation of the force, the increase in the
displacements is 4 times higher.

The analysis of the local strains and displacements leads to similar findings. It is easily
noticed that the highest stresses in terms of mechanical strength occur when the stress is
closer to the middle of the tibial plateau, both strains (major and minor) doubling their
values compared to the offset loading (in Fujisawa point) under the conditions of the same
1000 N load.

In both medial and offset (Fujisawa point) loadings, the maximum values of the main
and secondary strains appear in the hinge area of the OWHTO.

The progressive evaluation of the major and minor strains during medial and offset
loading corresponding to a stroke of 25% (a), 50% (b), 75% (c), and 100% (d) of the total
loading stroke is important, taking into account the fact that the load in the knee is variable
while walking.

Another conclusion is that an overcorrection of the mechanical axis is beneficial and
gives better stability in all four stages of loading.

In conclusion, it should be noted that medial loading leads to larger strains and
displacements that can cause the appearance of cracks or even fractures. It is recommended
that the mechanical axis of the lower limb passes through the Fujisawa point, located 62.5%
from the medial extremity of the knee.

This issue is worth studying in future research, taking into account the studies con-
ducted on topics, such as the multi-objective optimizations of the fixing plate, that can be
found in paper [29] or similar research conducted in papers [33–37].

The data obtained from this experimental research contribute to the optimization of
the geometric planning of the medial opening wedge high tibial osteotomy.

An important technical detail in performing OWHTO is related to the stability of the
osteotomy, in direct relation with the consolidation of the osteotomy gap, postoperative
care, and patient’s quality of life [38,39]. The stability of the osteotomy gap is related to the
fixation implant design, geometry of the osteotomy, and correction of the mechanical axis
of the limb [40–44]. The anatomy of the osteotomy cut also influences its stability through
different variables: angle of the osteotomy, presence of a hinge fracture, monoplanar or
biplanar, proximal or distal from the anterior tibia tuberosity [29,45].

The importance of the stability of the lateral hinge in the functional and clinical out-
come of OWHTO is largely recognized. Lateral hinge fracture can occur during surgery or
in the first six weeks after surgery [46]. Schrotter hypothesized that increasing the stresses
induced by weightbearing on a reduced surface can play a major role in decreasing the
stability of the osteotomy gap [47]. Therefore, indirect intraoperative and postoperative
compression of the gap is recommended to prevent hinge instability. The indirect compres-
sion can be achieved intraoperatively by means of a temporary lag-screw and maintained
with a locking compression plate, similar with the plate used in the presented experi-
ment [48]. All described techniques increase intraoperative stability but there are no data
suggesting that they can prevent secondary postoperative occurrence of a hinge fracture.
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The results of the present experiment show that indirect postoperative hinge com-
pression during weight bearing can be achieved by mechanical correction through the
Fujisawa point.

5. Conclusions

There are several biomechanical studies analyzing the stability in OWHTO. However,
the studies are focused on the stability related to the type and method of the fixation device,
lateral hinge fracture, or filling the osteotomy gap with a bone substitute equivalent to the
size of the opening [49]. To our knowledge, this is the first experimental model that allows
a biomechanical evaluation of the stability related to the optimal position of the intersection
point between the medial-lateral articular line and the corrected mechanical axis.

An important limitation of this study is that only a single set of measurements was
achieved, as there was no way of obtaining identical tibia specimens in terms of size,
geometry, and even mechanical characteristics that would allow the replication of the
experimental trials and the statistical analysis of the results. However, the fact that both
the variation of the force relative to the displacement and the evaluation of the major
and minor strains in four loading stages—namely 25%, 50%, 75%, and 100% of the total
loading stroke—demonstrated that the optimal position of the intersection point between
the medial-lateral articular line and the corrected mechanical axis is at the Fujisawa point.
This double assessment leads to the assumption that the results obtained are not affected
by errors and have a reasonable degree of generality.

Correcting the mechanical axis of the limb in opening wedge high tibial osteotomy
through the Fujisawa point in patients with medial osteoarthritis of the knee provides
increased stability compared with correction through the center of the knee. Increased
stability allows decreased nonunion rate and early mobilization of the patients with im-
provement of their quality of life.

No live animal or human studies were carried out by the authors in order to write the
present paper.
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