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Fig. 1 Schematic diagram of the setup of photoacoustic tomography
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Fig. 2 The gross appearance and histology photograph of

the femoral head of rabbit 10 weeks after
the first methylprednisolone injection
(a) The gross appearance photograph of a coronal section of the rabbit
femoral head reveals local cortical bone defection and cystis
degeneration of the subchondral area. (b) Higher magnification of the
rectangular area in (a), reveals the fiber tissue in the local cortical bone
defection area (HE stain x100).
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Fig. 3 The early stage of the osteonecrosis of the human femoral head
(a) The anterior posterior radiograph of the hip joint indicates the fracture of the neck of femur and normal subchondral plate. The local cortical bone

defection and cystis degeneration of the subchondral area in the picture is not obvious. (b) The gross photograph of the femoral head reveals the local

cortical bone defection and cystis degeneration of the subchondral area. (¢) The photograph of a coronal section of femoral head reveals cystis

degeneration of the subchondral area. (d) The photograph of the subchondral area shows rarefaction cancellous bone and striking cyst formation,

opacification of marrow fat cells (HE stain x200). (e) The photomicrograph demonstrates the zone of osteonecrosis in the subchondral area (HE

stain x100). (f) The photomicrograph demonstrates rarefaction and derangement cancellous bone in the area of osteonecrosis (HE stain x200).
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Fig. 4 The gross appearance and photoacoustic
reconstruction image of the human femoral head
and rabbit femoral head

(a) The gross appearance of the osteonecrosis specimen of rabbit femoral
head. (b) The gross appearance of human femoral head osteonecrosis
specimen from a femoral neck fracture patient complicated with
osteonecrosis. (¢) The reconstructed photoacoustic image of rabbit
femoral head complicated with osteonecrosis. (d) The reconstructed
photoacoustic image of local osteonecrosis of human femoral head.
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The Application of Photoacoustic Image in The Diagnosis
of Early Stage Osteonecrosis”
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("MOE Key Laboratory of Laser Life Science & Institute of Laser Life Science, South China Normoral University, Guangzhou 510631, China;
2The Department of Orthopaedic of The First Affiliated Hospital, Shantou University Medical College, Shantou 515041, China)

Abstract
being . Without specific treatment 80% of clinically diagnosed cases will progress, and most will eventually require

Osteonecrosis is a kind of common condition which affects severely health and life quality of human

arthroplasty. The goal is therefore to diagnose and treat the condition in its earliest stage. Because the treatment of
osteonecrosis is determined in large part by the stage of the disease, it is important to use a reliable and effective
method of classification and staging. It is well known the treatment on early diagnosis. The traditional diagnosis
methods for osteonecrosis are X-ray, CT, MRI and biopsy, which are defect in early diagnosis and side effect.
Photoacoustic tomography is an emerging imaging technique with great potential for a wide range of animal tissues
and organ imaging application. This new approach to medical imaging relies upon irradiating the tissue with low
energy, nanosecond pulses of laser light at a wavelength in the visible or near-infrared (NIR). Broadband
(~30MHz) ultrasonic thermoelastic waves are excited throughout the irradiated volume at optically absorbing
subsurface features and propagate to the surface of the tissue. It is proposed and investigated to establish the
feasibility of using photoacoustic tomography to detect the early osteonecrosis of human femoral head, and
compared with X-ray photography. The osteonecrosis model of rabbit had been performed. On the other hand, the
specimen of human femoral head complicated with necrosis had also been researched. The results show the
subchondral osteolysis and local cortical bone destructed in animal model in the tenth week. The early
osteonecrosis pathology of rabbit model was the same as human femoral head. The reconstructed photoacoustic
images were identical with the scale and shape of the specimen. The images had satisfied contrast and resolution.
The spatial resolution of the images reaches 0.3 mm. It is feasible that the technique of the photoacoustic
tomography is used in the detection of early osteonecrosis. A new diagnosis method for the early stage
osteonecrosis will be demonstrated.

Key words photoacoustic image, osteonecrosis, diagnose, pathology, image reconstruction

*This work was supported by grants from The National Natural Science Foundation of China (30570513) and The National Natural Science Foundation
of Guangdong Province(7008220).

**Corresponding author. Tel: 86-20-85210089, E-mail: xingda@scnu.edu.cn

Received: February 20, 2008  Accepted: May 6, 2008


mailto:xingda@scnu.edu.cn

