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Abstract:  Core decompression by exact drilling into ischemic lesions of the femoral condyle stays a challenging procedure, particularly in obese 
patients. The precision of fluoroscopically-based drilling compared to conventional drilling was evaluated in an in-vitro model for obesi-
ty. 40 sawbones were prepared mimicking osteonecrosis in obese patients. 20 sawbones were drilled by guidance of an intraoperative 
navigation system VectorVision® (BrainLAB, Munich, Germany); the other 20 sawbones were conventionally drilled by fluoroscopic 
control only. Regarding the distance to the desired mid-point of the lesion, a statistically significant difference with 0.55 mm in the 
navigated group and 1.19 mm in the control group could be stated (p<0.001). Significant differences were further found for the num-
ber of drilling corrections (p<0.001) and radiation time needed (p<0.001). Even in difficult circumstances as in obese patients, the 
drilling guided by the VectorVision®-navigation system shows high precision with simultaneous enormous reduction of radiation time.

        © Versita Warsaw and Springer-Verlag Berlin Heidelberg.
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1. Introduction
Necrotic lesions of the femoral condyle can affect 
different parts of the knee joint. The osteochondrosis 
dissecans typically affects small parts of the medial 
condyle in young adults [1-3]. However, it can result in 
severe secondary osteoarthritis when left untreated. The 
osteonecrosis also usually affects the medial condyle 
but in greater parts. Although it is affected much less 
often than the hip, the knee is the second most common 
location for osteonecrosis [4,5]. Osteonecrosis of the 
femoral condyle was first described by Ahlbäck in 1968 
[6]. Following the classifications of the osteonecrosis of 
the femoral head of Ficat and ARCO [7,8], the disease 
progresses through five stages [9]. Although the exact 
pathogenesis is still unknown, all discussed factors lead 
to ischemic death of bony and marrow areals, increased 
bone marrow pressure, subchondral fractures and a 
progressive secondary osteoarthropathy after collapse 
of the articular surface [10-12]. 
There also is controversy regarding the treatment of this 
condition. The effectiveness of conservative treatment 

mostly is questioned and limited for early stages of the 
disease and surgical treatment demanded, the extent of 
surgery depending on the stage of the disease. For early 
stages, many authors suggest core decompression by 
exact drilling into the ischemic areas [5,10,13]; the later 
stages especially with osteoarthropathy mostly have to 
be provided by arthroplasty [5,10,12,14,15]. 
The precision of the drilling is essential for the outcome 
in core decompression. Injuries of the cartilage by 
penetrating and failure by missing the lesion as well 
as fractures after drilling have been described, the 
risk for fractures increasing with the number of drilling 
corrections [16,17]. Furthermore, in conventional 
technique exact locating of the drill or wire by multiple 
checks of drilling course and depths causes enormous 
X-ray exposition of both patient and operation room staff 
and puts sterility at risk. These side-effects associated 
with drilling corrections particularly gain importance in 
obese patients and their surrounding tissues that make 
spatial orientation considerably difficult. Concerning 
these facts, it is desirable to minimize side-effects of the 
surgery as well as imaging time and radiation dosage. 
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Computer-assisted orthopedic surgery (CAOS) 
meanwhile is well accepted in several surgical fields, 
for improving precision and also minimizing X-ray 
exposition [18-21]. Different methods like the CT-based, 
fluoroscopically-assisted or imageless methods are 
used to simultaneously generate different planes of the 
therapeutic object to be treated [21]. Only few studies 
that describe clinically accepted results in precision 
exist, despite emerging and spreading systems and use 
[17-20,22-25]. The methods differ in these studies and 
different navigation systems are used that cannot directly 
be compared and generalized. As described earlier, the 

precision of core decompression with the VectorVision®-
navigation system (BrainLAB, Munich, Germany) in an 
in-vitro model of osteonecrosis of the femoral condyle 
could be clearly improved by simultaneous reduction of 
exposure time to radiation [24].

The aim of the study in hand was to evaluate the 
precision of fluoroscopically-based drilling in an in-vitro 
model for obesity, as well as the expected simultaneous 
reduction of exposure time to radiation of both staff and 
patients. 

2. Material and Methods 
The Navigation-system VectorVision® Spine 5.5 
(BrainLab, Munich, Germany) enables fluoroscopically-
based intraoperative navigation and is based on 
an optical tracking unit, which detects the reflecting 
marker spheres through an infrared camera (Figure 1). 
The fluoroscopically-based method does not require 
registration like the computertomography-based system 
and reduces both imaging time and radiation dosage 
by repeatedly using just the first images. By means of 
markers, frames and a computer constructed system of 
coordinates, the images obtain spatial information; the 
positions of the images relative to the patient can be 
determined and computer-aided design files of tools 
or implants can be superimposed on the image [21]. 
Handling and controlling of the system can be done by 

Figure 2. Overall view of the assembly, insert: sawbones in the conical soft synthetic brace.
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Figure 1. Diagram of the grouping into zones by distance from 
the target. 
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a draped touch-screen monitor.
40 sawbones (Sawbones Europe, Malmö, Sweden) 

were used to perform these experiments. Each sawbone 
was prepared by drilling of the medial femoral condyle 
with a conical shaped drill, central implantation of a 
radiopaque cement sphere measuring 5 mm in diameter 
and closure of the remaining defect by gypsum. The 
femoral sawbones together with the pelvis and the 
tibia were tightly fit into a surrounding custom-made 
foam brace of 20 cm thickness mimicking an obese 
leg (Figure 1, insert). 20 femoral condyles of sawbones 
were drilled by guidance of the intraoperative navigation 
system VectorVision®; 20 sawbones served as control 
and were drilled in a conventional drilling technique. The 
sawbones were randomly assigned to the groups. Each 
drilling was performed by the same surgeon, with the 
drilling method again randomly assigned.

20 of these models of obese legs were were 
positioned on a standard operating table in a manner 
mimicking the supine position of a patient (Figure 1). As 
the procedure itself is based on the virtual connection 
of the fluoroscopic images and the position of the 
surgical instruments, it is necessary to attach markers 
to the surgical instruments, the patient and the X-ray 
intensifier. Therefore, a reference array with passive 
reflecting marker spheres was rigidly attached to the 
lateral surface of each sawbone by a Schanz screw. 
Visualization of the knee with the gypsum spheres was 

carried out creating images in anteroposterior and axial 
position by a C-arm fluoroscope that is connected to the 
navigation-system. The C-arm itself is equipped by a 
device with reflecting markers to define the orientation 
of the C-arm in spatial orientation for the navigation 
system. After the two fluoroscopic images the image 
intensifier is moved out of the operation field and no 
more intraoperative images are needed. A standard 
drill is equipped with a marker-clamp and measured 
with a special calibration tool in order to inform the 
navigation system of length, diameter and position of 
the tip of the instrument. Next, the surgical instrument 
is visualized on the touch screen monitor. By online 
control of the navigation system, the drill is placed in 
the desired position (Figure 2). The virtual connection 
of the position of all the reference markers enables the 
orientation of the drilling guide in the two fluoroscopic 
planes simultaneously.

Serving as control group, 20 identically prepared and 
equally positioned legs were drilled in a conventional 
technique just by controlling the drilling direction of the 
same C-arm fluoroscope and image-intensifier in two 
planes.

After drilling of the knee, the positioning of the 
drill was controlled by two perpendicular fluoroscopic 
images of the distal femur cut with the drill left in situ 
to measure the distance between the mid-point of 
the target and the tip of the drill (Figure 3). The time 
needed for the procedure was measured starting with 
the positioning of the bones and ending with removal 
of the bone. X-ray exposure time could directly be read 
on the image-intensifier after creating the images. One 
second was taken into calculation for the exposure time 
of the navigated group although less than one second 
was needed for the acquisition of the two images.

Figure 4. Cutting of the distal femur after drilling, with the drill left 
in situ. 

Figure 3. Real-time visualization of drilling on the associated 
touch-screen.   
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no. nav./contr. distance from target [mm] drilling corrections [n] radiation time [s] procedure time [min]

1 nav. 0,6 0 <1 5

2 nav. 1,2 0 <1 4,5

3 nav. 0,6 1 <1 5

4 nav. 0,4 0 < 1 4,8

5 nav. 0 0 < 1 4,6

6 nav. 0,6 1 <1 5,4

7 nav. 1 0 < 1 5

8 nav. 0,4 1 < 1 5,2

9 nav. 0,4 0 < 1 5

10 nav. 0,6 0 < 1 4,6

11 nav. 0 0 < 1 4,5

12 nav. 1,2 1 < 1 5

13 nav. 0,6 0 < 1 4,9

14 nav. 0,4 0 <1 4,5

15 nav. 0,8 0 < 1 4,8

16 nav. 1 1 <1 5

17 nav. 0,6 0 < 1 4,4

18 nav. 0,2 1 < 1 4,5

19 nav. 0 0 < 1 4,4

20 nav. 0,4 0 < 1 4,3

mean 0,55* 0,3** <1*** 4,77

1 contr. 0,8 5 5,4 6

2 contr. 2 1 3 4,2

3 contr. 0,6 5 5,8 6,2

4 contr. 1 2 4,4 4,3

5 contr. 0,8 4 5 5,1

6 contr. 1,4 1 3 3,8

7 contr. 1,2 2 3,6 4,5

8 contr. 1,6 1 3 3,9

9 contr. 2 0 3 3,6

10 contr. 0,4 4 5 5,2

11 contr. 1,4 3 4,6 5

12 contr. 0 2 3,2 4,4

13 contr. 1,8 1 3 3

14 contr. 1,4 4 5 5,2

15 contr. 1,2 2 4,2 4,6

16 contr. 2 1 2,4 4

17 contr. 0,8 5 5,4 6,1

18 contr. 1,6 0 2 3,2

19 contr. 0,6 5 5,2 5,9

20 contr. 1,2 2 4,6 4,8

mean 1,19 2,5 4,04 4,65

Table 1. Results of drilling.

* There was a statistically significant difference regarding the distance from the target, comparing the navigated to the control group (p<0.001, t-test).
** There was a statistically significant difference regarding the drilling corrections, comparing the navigated to the control group (p<0.001, Mann- Whit 

ney rank sum test).
*** There was a statistically significant difference regarding the radiation time needed for the procedure, comparing the navigated to the control 

group, taking one second into calculation for the navigated group although less than one second was needed for acquisition of the two images 
(p<0.001, Mann-Whitney rank sum test).
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Statistical analysis was carried out using the Student’s 
t-Test for the distance of target and the Mann-Whitney 
rank sum test for the number of drilling corrections 
needed, the radiation time and the procedure time 
needed, each compared to the control group. A p<0.05 
was considered to be of statistical significance.

3. Results 
Regarding the distance of the tip of the drill to the 
desired mid-point of the lesion, the mean precision of the 
drilling was 0.55 mm for the navigated group, which was 
significantly less than the 1.19 mm for the non-navigated 
control group (p<0.001; Table 1). Just one correction of 
navigated drilling direction was necessary in six different 
procedures (mean 0.3), which was significantly less 
than the mean of 2.5 needed drilling corrections (range 
from 0 to 5) in the control group (p<0.001; Table 1). The 
distances from the desired mid-point of the lesion were 
grouped into zones; 18 out of 20 drills of the navigated 
group could reach zone I and II compared to 8 out of 20 
of the control group. None of the 20 drills of the navigated 
group was in zone IV compared to six out of 20 of the 
control group (Table 2, Figure 4). The mean exposure 
time was less than one second for the navigated group, 
which was significantly less than the 4.04 seconds for 
the non-navigated control group, although one second 
was taken into calculation for the navigated group 
(p<0.001; Table 1). The mean procedure time was 4.77 
minutes for the navigated group and 4.65 minutes for the 
non-navigated control group, which was not significantly 
different (p=0.11; Table 1). 

4. Discussion
The study in hand evaluated the precision of 

core decompression with the fluoroscopically-based 
VectorVision®-navigation system in an in-vitro model 
of osteonecrosis of the knee. Despite emerging and 
spreading systems and use, only few studies exist [17-
20,22,25-28] that report clinically acceptable results in 

precision with a distance from the given target of below 
four millimeters [17-19,23,24,26,27]. However, the 
bending of a wire or the tip of a thin drill could falsify 
the measured distances from the target since just their 
length and their indirect orientation by positioning of the 
drilling guide are detected. As mentioned above, the 
precision of core decompression with the VectorVision®-
navigation system in an in-vitro model of osteonecrosis 
of the femoral condyle could be markedly improved with 
high reproducibility in hitting the target compared to 
conventional techniques [24]. Drilling can be performed 
by visualization of the aiming of the target on the 
navigation system-associated screen.

To our knowledge, this is the first study dealing with 
drilling under difficult circumstances such as obesity. 
Regarding this challenging procedure, in this study we 
first could find a distinct high precision or lesser average 
distance from the target respectively. No cement sphere 
was missed; regarding the distance to the desired mid-
point of the sphere, just two were missed by more then 
one millimeter in the navigated group compared to 12 in 
the control group. Just one correction of drilling direction 
was necessary in six different navigated drillings, which 
was significantly less than in the control group and 
therefore seems to be one the most important finding, 
as multiple drilling corrections could weaken the bone 
as mentioned above. In contrast, a mean of 2.5 drilling 
corrections were needed in the control group, which 
itself is even low due to the lack of surrounding tissue in 
our in-vitro experiment. Furthermore, there was a clear 
tendency to higher precision in the navigated group with 
18 out of 20 drills achieving a distance less than one 
mm from the midpoint compared to just 8 out of 20 of the 
control group. None of the drills of the navigated group 
failed the midpoint more than 1.5 mm compared to six in 
the control group.

Secondly, we could markedly reduce exposure time 
to radiation compared to conventional techniques, in 
which the drilling and every possible correction must 
be controlled in at least two different x-ray planes. Less 
than one second of radiation time was needed to acquire 
the initial radiographs in two planes for calculation of 
the geometry construct in the navigated group, which 
was significantly less than the mean time needed in the 
conventional drilling group. 
Third, the additional time needed with navigation for 
placement of reference tool, frames and diodes as 
well as calibration of the drill is negligible compared to 
the additional time needed for possible corrections of 
drilling direction and its control by x-ray in two planes 
with the conventional drilling method especially in obese 
patients. 

Of course, our findings present in-vitro conditions 

zone (mm 
from target)

I (0–0.5) II (0.5–1) III (1–1.5) IV (>1.5)

navigated 
group 
(n=20)

9 9 2 -

control 
group 
(n=20)

2 6 6 6

Table 2. Grouping into zones by distance from the target. 
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and therefore cannot be directly extrapolated to the in-
vivo circumstances. However, they certainly show the 
clear trend towards the above-mentioned advantages – 
improvement of precision with simultaneous reduction 
of radiation exposure time – particularly under difficult 
circumstances such as severe obesity. Clinical trials 
have to be awaited for final statements. Furthermore, 
the positive results are not solely dependent on the 
2D-fluoroscopic imaging modality that we used. Similar 
results are likely by using 3D-image-based system 
too, which is said to be even superior to 2D-systems 
[26,27].

In conclusion , even in difficult circumstances as in 
obese patients, hand-guided drilling by navigation with 
2D-fluoroscopic imaging modalities shows precision 
within high accuracy with simultaneous enormous 

reduction of radiation time, and therefore has already 
been integrated into clinical routine. Particularly in obese 
patients, the additional time needed by installation 
and calibration of the navigation devices is negligible 
compared to conventional techniques. 
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