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Abstract. X-ray images are widely used during surgery for long bone
fracture fixation. Mobile C-arms provide X-ray images which are used
to determine the quality of trauma reduction, i.e. the extremity length
and mechanical axis of long bones. Standard X-ray images have a narrow
field of view and can not visualize the entire long bone on a single image.
In this paper, we propose a novel method to generate panoramic X-ray
images in real time by using the previously introduced Camera Aug-
mented Mobile C-arm [1]. This advanced mobile C-arm system acquires
registered X-ray and optical images by construction, which facilitates the
generation of panoramic X-ray images based on first stitching the optical
images and then embedding the X-ray images. We additionally introduce
a method to reduce the parallax effect that leads to the blurring and
measurement error on panoramic X-ray images. Visual marker tracking
is employed to automatically stitch the sequence of video images and to
rectify images. Our proposed method is suitable for intra-operative usage
generating panoramic X-ray images, which enable metric measurements,
with less radiation and without requirement of fronto-parallel setup and
overlapping X-ray images. The results show that the panoramic X-ray
images generated by our method are accurate enough (errors less than
1%) for metric measurements and suitable for many clinical applications
in trauma reduction.

1 Introduction

X-ray images are the most frequently used form of medical imaging during or-
thopaedic surgery and provide good contrast of bone structures. Mobile C-arms
are an everyday tool to acquire X-ray images in the operating room during
surgery. Currently, long bone fracture fixation heavily relies on intraoperative
X-ray images. The limited field of view is a drawback of X-ray mobile C-arm
imaging. In long bone fracture fixation surgery, surgeons need to measure the
length of the bone to be reconstructed and align the bone fragments. Single
X-ray image can not visualize the entire long bone. Surgeons are required to
acquire several individual X-ray images and correlate them.

Panoramic X-ray images can be obtained by stitching many X-ray images.
A special purpose digital X-ray machine was introduced to generate panoramic
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X-ray images by simultaneously translating the X-ray source and the image
intensifier over the patient [2]. This X-ray machine is not versatile enough to
replace mobile C-arms within operating rooms. Therefore an intra-operative
solution based on mobile C-arms is still required. Currently, the correct frac-
ture reduction can only be confirmed post-operatively. For obtaining an X-ray
panoramic image intra-operatively two methods were proposed using standard
mobile C-arms. The first system introduces an orthopaedic radiolucent X-ray
ruler placed along the bones [3]. It uses the graduations of the ruler on the X-
ray images to estimate the planar transformation by a feature-based alignment
method and requires the user to manually select the reconstruction plane in or-
der to compensate for parallax effects on that plane. Another method employs
a radio-opaque absolute reference panel with absolute coordinates placed under
the bones [4]. This reference panel contains a grid of radio-opaque rigid markers
and thus X-ray images can be registered based on the known geometry of this
panel. However, both methods have their limitations. The first method [3] re-
quires overlapping areas between two consecutive X-ray images to estimate the
planar transformation and thus requires additional radiation, while the second
method [4] is independent from overlapping X-ray regions, but requires an X-ray
visible panel and does not show how to solve for the parallax effects, that are
introduced if the stitching plane and the target plane are not the same. Both
methods require a frontal parallel C-arm setup, i.e. the stitching plane must be
parallel to the detector of C-arms.

The Camera Augmented Mobile C-arm (CAMC) system that extends a reg-
ular mobile C-arm by a video camera [1] was proposed for X-ray and video
image overlay. By construction of the device, the acquired X-ray images are
co-registered with the video images. Our work makes the CAMC system capa-
ble of generating panoramic X-ray images intra-operatively without overlapping
X-ray images and special X-ray markers. Using the video images for stitching
and finally showing their co-registered X-ray images facilitates the creations of
panoramic X-ray images. The major advantages over previous proposed solu-
tions are the reduction of ionizing radiation, not requiring frontal parallel C-arm
setup, and enabling metric measurements. This results in new applications and
enables the confirmation of the trauma reduction within the surgery room.

2 System Components

2.1 System Setup

Our Camera Augmented Mobile C-arm system is composed of a mobile C-arm,
Siremobile Iso-C 3D, from Siemens Medical Solutions and an optical video cam-
era, Flea, from Point Grey Research Inc.. The camera is connected via firewire
connection (IEEE-1394) to the computer with custom developed software. The
computer is a standard PC extended by a frame grabber card, Falcon, from IDS
Imaging Development System GmbH. Thanks to a custom made attachment of
the camera and a double mirror construction, the camera center virtually coincides
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with the X-ray source. To register X-ray images to optical images, the proposed
offline calibration of [1] is used.

2.2 Method

Image stitching has been intensively studied in the last decades [5] in non medical
areas. One central component of stitching is image registration, i.e. the estima-
tion of a transformation to align two images. Intensity-based registration needs
large overlap between the consecutive X-ray images, which is undesirable for
X-ray image stitching since it increases the radiation. On the other hand, it is
hard to detect anatomical features reliably and accurately in the X-ray images
for feature-based registration. This is one reason that a radiolucent X-ray ruler
[3] and a radio-opaque absolute reference panel [4] were introduced.

In our setup the X-ray images are registered with their corresponding video
images by construction of the Camera Augmented Mobile C-arm system. The
video provides a series of images with features, in which two consecutive images
have large overlap. We first stitch the sequence of video images and then overlay
the registered X-ray images onto their corresponding video images (see figure
1). Finally, we are able to generate a panoramic video image, and using the
co-registered X-ray images, we create the panoramic X-ray image.

All video images are acquired sequentially. A simple pattern is used to stitch
the image sequence. The first acquired image is defined as the reference image,
and all others will be registered into coordinate system of this first image (see
figure 1). i−1Hv

i ∈ R
3×3 denotes the planar homography used to register each

Fig. 1. The idea of X-ray image stitching using the camera augmented mobile C-arm
system and a square marker pattern
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image Ii to its predecessor Ii−1, and can be estimated by registering two consec-
utive nearly identical video images. The image Ii can be registered to the image
I0 by homography 0Hv

i =0 Hv
1 ·1 Hv

2 · · ·i−2 Hv
i−1 ·i−1 Hv

i .
After stitching a video sequence, the X-ray images will be overlaid onto their

corresponding video images by the homography H̄ and thus they are also regis-
tered within the coordinate system of the first video image (see figure 1). This
H̄ is provided by the CAMC system and is calculated during the offline cali-
bration when the CAMC is manufactured [1]. Based on this derivation, we can
enable the CAMC system to generate panoramic X-ray images intra-operatively
by stitching the acquired video images. All homographies for stitching video im-
ages and registering X-ray images are estimated independently from acquired
X-ray images. Thus, two non-overlapping X-ray images can be stitched.

2.3 Parallax Effect

The planar homography that aligns two consecutive video images is represented
by i−1Hv

i . In [3] this planar homography is defined by i−1Hv
i = KRK−1 +

1
dKtnT K−1 whose K ∈ R

3×3 is the intrinsic matrix of the camera, R ∈ R
3×3

the rotation and t ∈ R
3 the translation of the camera motion. i−1Hv

i is valid for
all image points whose corresponding space points are on the same plane, called
stitching plane, defined by the normal vector n ∈ R

3 and distance d to the origin
in the world coordinate system. However, any structure that is not within this
stitching plane in 3D space will get ghosting or blurring effects called parallax.
Since the i−1Hv

i is estimated by video images, there are always parallax effects
on the bone reconstruction plane. The parallax effect will cause not only the
blurring, but also the measurement errors on the image.

In this work, a method is proposed to reduce parallax effects. Our method
relies on three assumptions: 1) images are obtained from a frontal parallel view
of the stitching plane (we succeeded however in removing this constriant, see
section 2.4); 2) translating the C-arm parallel to the stitching plane during the
image acquisition; 3) the stitching plane is parallel to the bone plane used for
panoramic X-ray images and metric measurements. Based on these assumptions,
R is an identity matrix, and we have the homography i−1Hx

i for the bone plane
i−1Hx

i = KRK−1 + 1
d+ΔdKtnT K−1 = I + d

d+Δd( 1
dKtnT K−1). Both i−1Hv

i and
i−1Hx

i are 2D translation mappings. Eventually, the unknown translation part
(xx

t , yx
t ) of i−1Hx

i can be computed by xx
t = sxv

t and yx
t = syv

t , in which (xv
t , yv

t )
is the known translation part of i−1Hv

i , the homography on the stitching plane,
and s = d

d+Δd , the distance ratio. So far, all variables are known except s.
Since all images are acquired from a frontal parallel view of the stitching

plane, the distance ratios and angles of the stitching plane are preserved on the
image. We estimate the distance d from the stitching plane to camera center
by constructing a known distance on that plane and measuring its image dis-
tance with a known camera model. To estimate the homography i−1Hx

i , we need
to estimate Δd, the distance between the stitching plane and the bone plane.
In the intramedullary tibial fracture reduction surgery, there are two planes:
the tibial plane and the nail plane. Surgeons need to define the Δd, depending
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on their preferences of the plane to be visualized and used to perform metric
measurements.

With this derivation, it is possible to estimate the homography i−1Hx
i di-

rectly from the known i−1Hv
i without explicitly computing the translation t.

This method depends on the accuracy of the estimated Δd by surgeons. Table 2
shows the results of an experiment for evaluating the influence of perturbed Δd,
denoted as Δd′, on metric measurement accuracy on the final panoramic X-ray
images.

2.4 Frontal Parallel Setup and Implementation Details

The frontal parallel setup (i.e. stitching plane parallel to the image plane) is
the prerequisite to perform metric measurements. However, this is not easy to
establish and adds an additional challenge for surgeons to achieve an optimal
initial setup. By using an optical pattern we can rectify X-ray images onto the
stitching plane to preserve metric properties. Finally our method only relies on
two assumptions: 1) the X-ray is moving parallel to the stitching plane with no
restriction on the orientation of the image intensifier. This is in contrast to the
traditional methods (e.g. Ziv et al.), which require both x-ray source motion
and the image intensifier orientation to be parallel to the bony structure; 2) the
stitching plane is parallel to the bone plane used for panoramic X-ray images
and metric measurements.

A marker tracking system is able to detect markers fully automatically [6].
In our implementation, all square markers are positioned on the same plane,
the stitching plane. Since these coplanar markers provide sufficient correspond-
ing points on the stitching plane, the Normalized Direct Linear Transformation
(DLT)[7] can be used to estimate the homography i−1Hv

i . Fixing the relative
positions of square markers with known size, we are able to establish point cor-
respondences between the points in the image plane and in the stitching plane.
Based on these point correspondences, a homography is estimated to rectify
images onto the stitching plane. We designed a pattern (see figure 2(a)) with
multiple square markers that can be uniquely identified.

3 Experiments and Results

The phantom (see figure 2) used throughout all our experiments is constructed
to have two parallel planes with an adjustable distance Δd. On the upper plane,
the marker plane for stitching, the marker pattern is attached. On the lower
plane, the bone plane, we placed X-ray markers with known distances for metric
measurements or a bone phantom for feasibility tests.

The image distance is defined by clicking two points (three points for an angle).
To determine the accuracy of metric measurements, we used spherical X-ray
markers instead of a bone, since we can extract the center of a circle with sub-
pixel accuracy. The ground truth of metric measurements is built by attaching
X-ray markers on a pattern with known metric properties. The accuracy of the
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(a) The marker pattern (top) and
X-ray markers (bottom).

(b) The system setup for
metric measurements.

(c) The system setup for
feasibility tests.

Fig. 2. Our designed phantom for experiments. The marker pattern is attached on the
upper plane. The X-ray marker and the bone are placed on the lower plane.

attachments was controlled by a ruler, thus the error in the ground truth was
confirmed to be below 1mm. Our phantom with the X-ray marker was placed
on the operating table (see figure 2(b)) such that the stitching plane deviates
several degrees from the image intensifier to simulate the general cases. While
acquiring video and x-ray images, the operating table was moved through the
C-arm and the panoramic image was created. We measured several different
distances or angles with the ground truth value of 480mm or 161.0754 degree
respectively, on the same image to evaluate image distortion and eliminate bias
error in the results. Table 1 shows the distance and angle measurement results.
Without applying depth transformation, both the absolute and relative errors
will increase as Δd increases. After applying our depth compensation method
(see section 2.3), the absolute errors are similar to the one in the video panoramic
images, and the relative errors are about constant. The small standard deviation
indicates that our panoramic images have minor distortion.

We also evaluated the influence of errors in estimating Δd on the accuracy
of metric measurements. Instead of Δd = 100mm, we take Δd′ varying between
0mm and 170mm to get panoramic X-ray images that enable metric measure-
ments (see table 2). The relative error will increase with the increase of the
difference between the true depth and the assumed one (Δd′−Δd). One expects
to get the minimal relative error at Δd = 100mm. However, we obtained mini-
mal relative error of 0.2mm at Δd′ = 110mm. The overlay error of X-ray image
and video image introduced in the offline calibration of our CAMC system also
contributes to that relative error (the mean error of the overlay was measured
to be 0.5mm). The experiment shows furthermore that a deviation of 10mm in
the depth estimation causes to less than 1mm error over 480mm true distance
in the metric measurements.
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Table 1. Actual and measured distances/angles on the panoramic images in mm/
degrees. The absolute error (mean ± std) is between the ground truth and the extracted
value. The relative error is between the video stitching and the X-ray stitching.

Actual
value

Measured val-
ues on the video
panorama

Measured values on the X-
ray panorama without depth
transformation

Measured values on the X-
ray panorama with depth
transformation

Δd
(mm)

distance
/ angle

average
value

absolute
error

average
value

absolute
error

relative
error

average
value

absolute
error

relative
error

Distance
(mm)

70 480 478.5752 1.4248 476.1465 3.8535 2.4287 477.6880 2.3120 0.8872
± 0.1734 ± 0.0757 ± 0.1556

100 480 479.0940 0.9060 473.7030 6.2970 5.3910 478.1935 1.8065 0.9005
± 0.3368 ± 0.1952 ± 0.1747

150 480 477.6040 2.3960 466.4445 13.5555 11.1595 476.9480 3.0520 0.6560
± 0.2610 ± 0.0559 ± 0.0622

Angle
(degree )

70 161.0754 161.2373 0.1619 162.6729 1.5975 1.4356 161.4325 0.3571 0.1952
± 0.1152 ± 0.3000 ± 0.0577

100 161.0754 161.2895 0.3701 163.1338 2.0584 1.6883 161.6076 0.5322 0.1621
± 0.2477 ± 0.0376 ± 0.3954

150 161.0754 161.2184 0.1430 164.3231 3.2477 3.1047 160.9416 0.1338 0.0092
± 0.1428 ± 0.1879 ± 0.0515

Table 2. Measured distances on panoramic X-ray images after applying depth trans-
formation by using perturbed depth

Δd′ (mm) (Δd = 100mm) 0 30 70 80 90 100 110 120 130 170
Measured distance on the X-ray
panorama (mean value) (mm)

473.9 475.3 477.1 477.5 478.0 478.5 478.9 479.3 479.8 481.7

Relative error (mm) 5.2 3.8 2.0 1.6 1.1 0.6 0.2 0.3 0.7 2.6
Measured distance on the video
panorama (mean value) (mm)

479.1

Actual distance (mm) 480

4 Discussion and Conclusion

PanoramicX-ray images are a promising technology for determining the extremity
length and mechanical axis of long bones online during surgeries. In our work, we
presented a new method to generate panoramic X-ray images intra-operatively by
using the Camera Augmented Mobile C-arm system and a planar maker pattern.
The square marker pattern is only needed during generation of panoramic X-ray
images and removed from complete the surgical task. In any orthopedic surgery
the intraoperative X-ray acquisition always interrupts the surgical procedure for
a short while during which the staff tries to stay away from direct radiation. The
proposed solution integrates smoothly into the surgical procedure as the pattern
is only used during the same window of time. In order to investigate the clinical
value, we performed preclinical experiments and generated panoramic X-ray im-
ages of a bone phantom (see figure 2(c)). The panoramic X-ray image was gen-
erated from four individual X-ray images. Figure 3 shows the panoramic images.
Our method is independent from overlapping X-ray regions and does not require
a frontal parallel C-arm setup. The experimental results show that the panoramic
X-ray images generated by our method have a high visual quality and are accu-
rate enough for metric measurements. The absolute errors were less than 1% and
relative errors were even below 0.5%.

One of the major challenges within X-ray stitching is the parallax effect. We
compensate for it by our depth transformation whose accuracy depends on the
depth difference between the stitching plane and the bone reconstruction plane.
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Fig. 3. The X-ray panoramic image generated by our method. The left picture is
without depth transformation and discontinuous (middle top shows) appear at the
overlapping areas. The right picture shows the X-ray panoramic after applying depth
transformation. This compensated for the discontinuous (middle bottom shows).

In general, this distance is not trivial to recover. In our preclinical phantom
setup we can directly measure the distance Δd. Appropriate methods have to be
incorporated to define the bone plane and estimate the depth transformation.
Clinical tests in the near future will show the feasibility and the advantage of
metric distance and angle measurements online within the surgery room based
on a standard C-arm. This will allow surgeons to ensure and validate during
trauma reduction surgery the quality of their treatment.
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