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C

onfirming reduction of a developmental dislocation of the hip (DDH) through a spica cast is an
imaging challenge. Computed tomography (CT),
magnetic resonance imaging (MRI), and ultrasound have been advocated.1-11 Each of these modalities has
its benefits and drawbacks. Ultrasound allows the hip to be
visualized in the operating room but is operator-dependent
and requires cutting a window in the posterolateral aspect
of the cast—thereby weakening an area that is crucial in
holding the reduction. MRI is useful for visualizing the hip,
acetabulum, and soft-tissue structures through a spica cast,
but MRI availability and cost, and the prolonged sedation
required, make this modality prohibitive for routine use at
many centers. CT provides excellent visualization of bony
details and anatomical relationships but subjects patients to
ionizing radiation. In addition, both MRI and CT require
waiting for the patient to recover from general anesthesia
before moving him or her from the operating room to the
scanner. When the reduction is suboptimal, the patient must
be returned to the operating room for repeat anesthesia and
corrective action.
At our institution, we have begun using a 3-dimensional
(3-D) fluoroscope (Siremobil Iso-C3D; Siemens Medical
Solutions, Erlangen, Germany) in the operating room to
confirm reductions after application of spica casts. Similar
to a conventional C-arm, this instrument is portable and
can provide 2-D images useful for intraoperative arthrography. Unlike a standard fluoroscope, the 3-D fluoroscope
automatically rotates 190° around an isocentric point on
the patient. It obtains either 50 fluoroscopic images in
1 minute or 100 images in 2 minutes, depending on the
desired level of anatomical detail. Specialized software
then processes the images and reconstructs them to pro-

vide axial, coronal, and sagittal views of the anatomy.
These images are of high quality and are comparable to
those obtained with a CT scanner. The radiation dose for
the 50-image cycle is equivalent to 20 seconds of standard
fluoroscopy or approximately 0.77 mGy (77 mrad).12 The
radiation dose for the 100-image cycle is equivalent to 40
seconds of standard fluoroscopy or approximately 1.57
mGy (157 mrad).12 We have found that the 50-image cycle
provides adequate visualization of anatomical detail. To
put the radiation dose in perspective, natural background
radiation from the atmosphere is approximately 1 mrad
per day.
The primary benefit of this instrument in the treatment of an infant with DDH is that it allows the surgeon
to assess the reduction without taking the patient off the
operating table, and corrective action can be taken without
the risks associated with repeat anesthesia or the cost and
inconvenience of a return trip to the operating room.
We present the case of an infant with DDH to illustrate
the use of 3-D fluoroscopy in reduction imaging. We
obtained informed consent from the patient’s family to
perform the procedure and publish the case data.

Case Report
An 8-month-old otherwise healthy girl with bilateral teratologic DDH underwent a right open hip reduction through
an anterior approach with open adductor tenotomy, psoas
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Figure 1. Computed tomography scan after initial surgery on
right hip shows reduced right hip and unreduced left hip.
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A
Figure 3. Intraoperative 2-dimensional fluoroscopic image
obtained with 3-dimensional fluoroscope with intra-articular
Hypaque dye after open reduction of left hip.

B
Figure 2. Intraoperative 3-dimensional fluoroscopic image shows
(A) maintained reduction of right hip and (B) intact anterior
Shenton’s line (dashed line).

lengthening, and spica casting. During this procedure,
Hypaque dye was used for an arthrogram, and fluoroscopic
images were obtained to check reduction quality before
closure. After closure of the right hip, it was judged that
an attempt to perform the same procedure on the left hip
at the same time would jeopardize the right hip reduction,
and therefore the left hip was left dislocated, and a spica
cast was applied. After application of the spica cast, new
fluoroscopic images were checked in the operating room
for continued reduction. Following the standard of care at
our institution, we had a CT scan performed in the CT suite
to ensure reduction of the hip in the spica cast (Figure 1).
Four weeks later, the child returned for open reduction
of the left hip, with confirmation by 3-D fluoroscopy. First,
general anesthesia was induced. Then, the 3-D fluoroscope
was used to check the status of the right hip through the
spica cast (Figures 2A, 2B), the cast was removed, and the
right hip was examined and found to be clinically stable.
Next, through an anterior approach, open reduction was
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performed on the left hip, along with open adductor tenotomy and psoas lengthening. A Hypaque arthrogram was
performed with the standard fluoroscopic function of the
Siremobil Iso-C3D used for reduction confirmation (Figure
3). After wound closure and application of the spica cast,
the 3-D fluoroscope was again used in the operating room to
confirm both hip reductions with the patient still under general anesthesia (Figures 4A, 4B). A postoperative CT scan
was deemed unnecessary, as the 3-D fluoroscopic images
were conclusive of reduction.
The medical physicist at our institution calculated the
doses of ionizing radiation from the conventional CT scanner (used during the first procedure) and from the 3-D fluoroscope (second procedure). The dose from conventional
CT was 19.3 mGy (1930 mrad) on the central axis; this
dose was calculated using a kVp of 120 and an effective
mAs of 91.5 for the study by using the median mAs for the
34 slices taken. The dose from the 3-D fluoroscope was
0.86 mGy (86 mrad) on the central axis, for a 50-image
reconstructed study at 63 kVp and 56 mAs.

Discussion
Closed or open treatment of DDH with postoperative use
of CT to assess reduction has been the standard of care at
many institutions for the better part of 2 decades. Browning
and colleagues2 in 1982 were the first to mention this use
for CT; they described using CT to confirm location and to
assess acetabular anteversion in 5 infants with DDH. Since
the early 1980s, several authors have advocated using CT to
image children with DDH.3,6-11 Various CT-based anatomical relationships have been described, including hip-abduction angle, acetabular anteversion, and lateral, anteroposterior displacement of the femoral metaphysis in relation
to the acetabulum, including the commonly used modified
anterior Shenton’s line (a line drawn parallel to the pubic
rami to its intersection on the proximal femoral metaphy-
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Figure 4. Intraoperative 3-D fluoroscopic image obtained after open reduction of left hip and application of spica cast shows
(A) residual dye pooling and (B) intact anterior Shenton’s line (dashed line) and outline of residual dye pooling (dotted line). Right hip
reduction was also confirmed but is not pictured here.

sis), as described by Smith and colleagues in 1997.7,8
Other imaging modalities have been described, including
MRI and ultrasound. MRI has been advocated to evaluate
DDH, particularly in children younger than 12 months, as
cartilaginous and soft-tissue structures are directly visualized.5,13 However, MRI availability and cost, and the prolonged sedation required, make this modality prohibitive
for routine use at many centers. Likewise, ultrasound has
been used to assess postreduction anatomical relationships;
a window is cut in the posterolateral aspect of the spica cast
so a transducer can be placed.1 Like MRI, ultrasound has
the benefit of not using ionizing radiation. With ultrasound,
however, the “question arose as to whether the reduction
could be lost by removal of the plaster plug, which was
typically at the point where the cast was molded,” wrote
Harcke and Kumar,14 who reported performing limited CT
scans on all infants in rigid casts.
Use of 3-D C-arm fluoroscopy represents a significant
advancement in the treatment of various orthopedic and
neurosurgical ailments. Unlike the standard fluoroscope,
the 3-D fluoroscope rotates automatically around an isocentric point on the patient. Specialized software processes the
images and reconstructs them to provide axial, coronal, and
sagittal views of the anatomy comparable to those obtained
with a CT scanner. Wang and colleagues15 reported 3-D
fluoroscopy to be more sensitive (0.716 vs 0.608) but less
specific (0.789 vs 0.937) than standard spiral CT in placing pedicle screws. Linsenmaier and colleagues16 found
no significant difference between 3-D fluoroscopy and
spiral CT in accuracy of evaluation of placement of talar
osteosynthesis screws. Similarly, Hott and colleagues,17
reporting on 60 cranial and spinal procedures, wrote that
3-D fluoroscopy successfully confirmed postsurgical CT
images in the first 20 cases and that, given the similarities
in images, they decided to forgo postoperative CT scans in
the other 40 cases.

We believe that 3-D fluoroscopic images are of sufficient
quality to obviate the need for confirmatory postsurgical
CT scans for patients treated for DDH. Intraoperative 3-D
fluoroscopy can be used to differentiate a reduced hip from
an unreduced hip with relative ease, and the process can be
facilitated by drawing a modified anterior Shenton’s line
(Figure 5).
In the present case, our patient received ionizing radiation in (calculated) doses of 19.3 mGy (1930 mrad) from
the conventional CT scanner and 0.86 mGy (86 mrad)
from the intraoperative 3-D fluoroscope. Although the
estimated risks of receiving ionizing radiation at these
doses are negligible relative to the benefits garnered from
CT images, dose reductions are desirable.18 Boone and
colleagues19 described using size-dependent technique
factors to limit radiation doses for pediatric patients. Had

Figure 5. Intraoperative 3-D fluoroscopic image shows intact
(right) and “broken” (left) anterior Shenton’s line indicating
reduced hip and unreduced hip, respectively.
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such a limited CT scan been performed after our patient’s
first operation, the estimated dose would have been 2.31
mGy (231 mrad), approximately 3 times higher a dose
than what 3-D fluoroscopy delivered, and with the much
more significant disadvantage of removing the patient
from the operating room.
Intraoperative 3-D fluoroscopy represents a significant
advance in the treatment of DDH. It can be used to confirm reduction of hips in spica casts in the operating room,
obviating the need for return trips there for repeat anesthesia for correction of inadequate reductions. In addition, the dose of ionizing radiation is small, equivalent
to 20 seconds of fluoroscopy (or the dose received from
ambient radiation over approximately 11 weeks), and less
than the dose received from conventional CT. The 3-D
fluoroscope is approximately twice the cost of a standard
C-arm and approximately half that of a conventional CT
machine; maintenance costs are similar to those for a
standard 2-D C-arm and approximately 4 times less than
those for a CT scanner. Ease of use and maneuverability
of the 3-D fluoroscope make it readily adaptable to any
operating room. Use of 3-D fluoroscopy for the treatment
of DDH appears promising and has become routine at
our institution.

Authors’ Disclosure Statement
and Acknowledgments

The authors report no actual or potential conflict of interest
in relation to this article.
The authors thank Dr. Michael Bohan, Radiation Safety
Officer at Yale–New Haven Hospital, for his assistance in
calculating radiation doses and for his technical expertise.
We also thank Karen Crisci, RRT, for her technical assistance with 3-D fluoroscopy.

References

1. Boal DK, Schwenkter EP. The infant hip: assessment with real-time US.
Radiology. 1985;157(3):667-672.
2. Browning WH, Rosenkrantz H, Tarquinio T. Computed tomography in congenital hip dislocation. The role of acetabular anteversion. J Bone Joint Surg Am.
1982;64(1):27-31.
3. Eggli KD, King SH, Boal DK, Quiogue T. Low-dose CT of developmental dysplasia of the hip after reduction: diagnostic accuracy and dosimetry. AJR Am J
Roentgenol. 1994;163(6):1441-1443.
4. Farber JM. A helpful radiographic sign in CDH. Orthopedics. 1992;15(9):10721074.
5. Guidera KJ, Einbecker ME, Berman CG, Ogden JA, Arrington JA, Murtagh R.
Magnetic resonance imaging evaluation of congenital dislocation of the hips. Clin
Orthop. 1990;(261):96-101.
6. Hernandez RJ. Concentric reduction of the dislocated hip. Computed-tomographic evaluation. Radiology. 1984;150(1):266-268.
7. Smith BG, Kasser JR, Hey LA, Jaramillo D, Millis MB. Postreduction computed
tomography in developmental dislocation of the hip: part I: analysis of measurement reliability. J Pediatr Orthop. 1997;17(5):626-630.
8. Smith BG, Millis MB, Hey LA, Jaramillo D, Kasser JR. Postreduction computed
tomography in developmental dislocation of the hip: part II: predictive value for
outcome. J Pediatr Orthop. 1997;17(5):631-636.
9. Stanton RP, Capecci R. Computed tomography for early evaluation of developmental dysplasia of the hip. J Pediatr Orthop. 1992;12(6):727-730.
10. Toby EB, Koman LA, Bechtold RE, Nicastro JN. Postoperative computed tomographic evaluation of congenital hip dislocation. J Pediatr Orthop. 1987;7(6):667670.
11. Vitale MG, Skaggs DL. Developmental dysplasia of the hip from six months to
four years of age. J Am Acad Orthop Surg. 2001;9(6):401-411.
12. Gebhard F, Kraus M, Schneider E, et al. Radiation dosage in orthopedics—
a comparison of computer-assisted procedures [in German]. Unfallchirurg.
2003;106(6):492-497.
13. McNally EG, Tasker A, Benson MK. MRI after operative reduction for developmental dysplasia of the hip [comment in J Bone Joint Surg Br. 1998;80(3):556].
J Bone Joint Surg Br. 1997;79(5):724-726.
14. Harcke HT, Kumar SJ. The role of ultrasound in the diagnosis and management of congenital dislocation and dysplasia of the hip. J Bone Joint Surg Am.
1991;73(4):622-628.
15. Wang MY, Kim KA, Liu CY, Kim P, Apuzzo ML. Reliability of three-dimensional
fluoroscopy for detecting pedicle screw violations in the thoracic and lumbar
spine. Neurosurgery. 2004;54(5):1138-1142.
16. Linsenmaier U, Rock C, Euler E, et al. Three-dimensional CT with a modified
C-arm image intensifier: feasibility. Radiology. 2002;224(1):286-292.
17. Hott JS, Deshmukh VR, Klopfenstein JD, et al. Intraoperative Iso-C C-arm navigation in craniospinal surgery: the first 60 cases. Neurosurgery. 2004;54(5):11311136.
18. Brenner D, Elliston C, Hall E, Berdon W. Estimated risks of radiation-induced fatal
cancer from pediatric CT. AJR Am J Roentgenol. 2001;176(2):289-296.
19. Boone JM, Geraghty EM, Seibert JA, Wootton-Gorges SL. Dose reduction
in pediatric CT: a rational approach. Radiology. 2003;228(2):352-360.

This paper will be judged for the Resident Writer’s Award.

E160 The American Journal of Orthopedics®
E162

