Medicinal Plant 2024, 15 (6): 107 -112 DOI: 10.19600/j. cnki. issn2152 —3924.2024. 06. 025

Development of Lever Positioning Manipulation ( LPM ) from the
Perspective of Information Interaction

Lingfeng ZHU', Zhizhen LU**, Jie HAN', Jieke YANG®, Yafeng CHEN’, Lijiang LU>""

1. Tuina Department of Zhoushan Traditional Chinese Medicine Hospital, Zhoushan 316000, China; 2. Tuina Department of the Third Affiliated Hospital of
Zhejiang University of Traditional Chinese Medicine ( Zhongshan Hospital, Zhejiang Province ), Hangzhou 310005, China; 3 Third Clinical Medical College of
Zhejiang University of Traditional Chinese Medicine, Hangzhou 310053, China; 4. Tuina Department of Hubei Provincial Hospital of Traditional Chinese Medicine,
Wuhan 430000, China; 5. Tuina Department of Ningbo Second Hospital, Ningbo 315010, China

Abstract The benefits of Lever Positioning Manipulation (LPM) in the treatment of lumbar disc herniation have been widely recognized. The
emergence of virtual reality (VR) technology in the field of medicine and the successful application of augmented reality (AR) technology in
the field of surgery have brought new thinking to manipulation researchers on the treatment of lumbar disc herniation (LDH) in the era of artifi-
cial intelligence (AI). In this study, the development trend and clinical efficacy of VR technology were discussed from the development
process of this technology, and the combination of information interaction technology in the field of chiropractic was found from the existing re-

search approach of lever positioning treatment of LDH, in order to provide a useful reference for researchers.
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1 Introduction

The "lever positioning manipulation" (LPM)"" | which was in-
cluded in the " 14" Five-Year Plan" textbook, was founded by
Professor Lu Lijiang, Director of the Tuina Institute, Zhejiang
University of Traditional Chinese Medicine. As an appropriate
technology promotion project in Zhejiang Province, the clinical ef-
ficacy of LPM in the treatment of lumbar disc herniation ( LDH)
has been verified by multiple centers”” . LPM started from Pro-
fessor Lu’s " five-step manipulation method"*' | which combines
his own medical experience of more than 30 years. He believed
that 90% of LDH patients can be rehabilitated by manipulative re-
duction, that is, the so-called reversibility, and the clinical symp-
toms of LDH are strictly classified according to the severity of ima-
ging data when diagnosing the disease. When operating LPM, it is
necessary to find the fulcrum according to the patient’s image and
clinical signs, and grasp the size and direction of the force. The
invention of LPM simplifies the operation steps of traditional bone
setting manipulation, so that a complete set of bone setting manip-
ulation can be completed only by finding a simple biological le-
ver™™. With the development of medical information, the applica-
tion of virtual reality (VR), augmented reality (AR) and mixed
reality (MR) technologies in the field of chiropractic has been
paid more and more attention. These technologies enable the oper-
ator to master the adjacent relationship of the anatomical structure
in the manipulation area, display the deep anatomical structure

without destroying the surface anatomical structure'®’, and syn-
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chronize the manipulation operation with the acquisition of effect

information"”

. Therefore, the application of VR in the clinical
study of LPM has become the necessity of the development of the

times.

2 Origin of VR technology and its application in
medicine

VR originated in the United States in the 1960s and was born in a
simulator designed for pilot training. It is a visual application
technology that immerses users in a synthetic three-dimensional
environment through a wearable screen®’. This technology has the
characteristics of autonomy, conception, multi-perception, immer-
sion and interaction from the beginning®™"". In the 1990s, the
VR technology was applied in the field of medical education and
surgery, through the establishment of a virtual model of the human
body in the computer and the realization of surgical preview on this

basis' %!

. FUJIL et al. """ used cystoscopy combined with sin-
gle-incision laparoscopy to determine the extent of the tumor to
achieve tumor resection, and the VR glasses worn by the operator
during the operation clearly and synchronously displayed the target
images taken by the two lenses. Chen Youzhi et al. """ used Unre-
al Engine 4 as a template to input the problems such as pulse rate
and blood pressure that easily occurred in surgery into the system
to realize visualization, and later realized the prediction and dis-
posal of simulation information through their self-developed tactile
feedback gloves. VR is used as a distraction technique in the man-
agement of acute pain. Ahmadpour et al. "'® applied VR in the
management of chronic pain, and displayed the induced informa-
tion image on the window display interface to distract the patient’s
attention and induce the physiological changes of his sensitive

nerves.
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3 Introduction of AR surgery

Since the introduction of VR technology, some people in the Unit-
ed States'"”’ have gained inspiration from daily operations, super-
imposed 2D or even 3D virtual images generated by computers on
2D real scenes, and strengthened them to achieve precise anatomi-

cal positioning in surgery * "’ 1.7

. In neurosurgery, Yavas et a
used optical tracking cameras such as LIDAR and AR neuronavi-
gation to track the nerve distribution in the surgical area, marked
the surgical scene during the operation, and superimposed it with
the surgical frame prepared before the operation, and found that
the error was in the range of 0.5 —3.5 mm. Harley et al. ' de-
veloped a surgical navigation system, which installed the accesso-
ries of optical sensors on the shell of the micro projector, continu-
ously transformed the matrix before operation to correct the spatial
relationship between the pico-pro centers of the sensors and syn-
chronized the virtual camera in the AR-SN platform to achieve
synchronous tracking of multiple surgical instruments during the
operation. Tests in human surgery showed that the application of
the system could improve the accuracy of surgery to (0.55 £0.33)
mm. Wang Qinghui et al. ' developed an AR-based navigation
system and applied it to the navigation system for minimally
invasive spine surgery. They reconstructed the spine model and
imported it into the navigation system after computing and storing
the system before operation. The position information of the surgi-
cal instrument was captured by the optical tracker in real time dur-
ing the operation and sent to the head mounted display (HMD) of
the surgeon accordingly. After testing, the navigation system can
reduce the error between the actual operation and the operation
plan to 2. 8 mm, which fully meets the requirements of clinical

application.

4 Emerging of MR medicine

The ultimate development of information interaction technology
must be to realize the synchronous enhancement of VR and AR,
and to strengthen the bridge between them'”™ ™’ In the 1990s,
Professor Steve of the University of Toronto in Canada put forward
a clear concept of mediated reality, which is today’s mixed reality
(MR) ™,

searchers to carry out long-term observation in the real world and

The introduction of this theory enables medical re-

interact frequently with the virtual world””’. Through the simula-
tion of software and the assistance of HMD), it can provide medical
students with fascinating learning experience such as 3D hologra-
phy™® %" " which is convenient for them to actively and com-
pletely contact the virtual surgical environment, and timely obtain
the risk tips of the current operation in the real surgical operation
(such as the hazards of radiation exposure or infection expo-
sure””" ). Sufficient experience of the possible risks and the head-
set of the equipment can eliminate the diversion of attention
caused by tension, so that young medical students can gain abso-
lute confidence in the operation and shorten the operation

[28,32

time ™). Stefan et al. ' created a 3D-printed vertebral model

using agar gel and projected it in the orientation of the C-arm of

the X-ray through the MR navigation of the HMD, in this way, the
surgical trainees were protected from radiation in a fairly realistic

B4 Molina et al. ™

surgical environment used MR navigation to
resect the patient’s L1 chordoma with an osteotome only under the
guidance of the CT image of the holographic 2D axis. The opera-
tion preserved the integrity of the tumor resection, achieved per-
fect non-contact with the spinal cord around the tumor, and con-
trolled the possible injury to the patient due to the severed nerve
conduction. Through forming the standardized morphological ima-
ging of complex tibial plateau fractures on the head-mounted dis-
play device using 3D modeling, David et al. "' obtained more
than 10 questionnaires of surgical entry strategy through navigation
calculation and measurement, which provided reference for them

to select the optimal scheme.

5 Clinical study of sagittal parameters of spine and
pelvis

The pelvic sagittal parameters included pelvic incidence (PI),
pelvic tilt (PT) and sacral slope (SS), and lumbar parameters
included lumbar lordosis (LL), LL and PI matching, LL and SS
matching. Through clinical studies, Jiyi et al. " found that the
decrease of PI can cause low back pain. In the study of persistent
low back pain caused by lumbar degenerative diseases, Yuan Jian-
jun et al. ™ found that PI was relatively constant and rarely
changed in all spine-sagittal sequences, the change of PT was re-
lated to SS, PT parameters changed with the position of pelvis or

) and the control of persistent low back pain was signif-

spine:39
icantly related to the improvement of three angles. Through clini-
cal research, Arija et al. "'’ found that with the increase of age,
the change of LL in women is more obvious than that in men.
Yang Zexi et al. “*) found that the PI and PT of LDH patients be-
low 35 years old were significantly increased, and LL and SS were
significantly decreased compared with normal healthy young peo-
ple. Pan Junjie et al. ™' found in the study of pelvic sagittal pa-
rameters of patients with single-segment lumbar spinal stenosis that
the increase of PI was reflected in the impact on PT and SS, it not
only changed the center of gravity of the body, but also adjusted
the curvature of the lumbar spine. Guo Anna et al. "' found that
the change of LL accelerated the degeneration of lumbar interverte-
bral disc by indirectly increasing the shear force of the longitudinal

axis of the lumbar spine.

6 Combination of LPM and imaging medicine

The development of lever positioning manipulation has been close-
ly linked with the development of spinal science. The school of fa-
mous physician Lu highly combined manipulation research with
clinical imaging in promoting the mechanical characteristics of ma-
nipulation. Lu Senwei et al. ) used Smatom Emotion-16CT to
bind the volunteers to the lumbar visual field in a prone and back-
ward extension position and applied manipulation mechanical test
to determine the effect of manipulation on the function of the lum-

bar posterior joint of the subjects. It was found that the posterior
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extension position induced by manipulation could cause the spatial
changes of the superior and inferior articular process space in the
14-5 segment of LDH patients. Professor Lu Lijiang’s team'*"
used X-ray, CT and MRI imaging to measure spine-pelvic sagittal
parameters in patients with LDH before using lever positioning ma-
nipulation (LPM) , and found that the use of LPM can promote
the restoration of overall pelvic balance. Zhang Haoyi et al. "
found through X-ray fluoroscopy that lever positioning manipula-
tion could significantly reduce the LL of the patient’s lumbar
spine, thus changing the anteversion of the pelvis. Xie Yunxing
et al. ™ used Ferguson’s method™’ to measure the lumbosacral
angle on the lateral X-ray of the patient’s thoracic spine during the
treatment of LDH with this manipulation, and found that the use of
manipulation effectively avoided the multiple transmission of force
and promoted the recovery of lumbar curvature. Professor Lu
Lijiang’s team”’ additionally used X-ray fluoroscopy to measure
the Cobb angle of thoracolumbar spine before lever positioning ma-
nipulation treatment for patients with LDH and thoracolumbar scol-
iosis, and found that the use of manipulation could reverse the
patient’s abnormal Cobb angle, thereby correcting vertebral rota-

tion and pelvic tilt.

7 Development of lever positioning manipulation XR
navigation
As a mature technology widely used in the field of spinal surgery,
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lever positioning manipulation can not be ignored in the relatively
conservative non-surgical field of spinal health care. Drawing on
the relatively rich experience in the medical field at home and
abroad, Professor Lu Lijiang’s team has focused on transplanting
(Extended Reality, XR) navigation technology into their innova-
tive planning in the treatment of LDH. The design requirements of
the technology are in line with the actual operation of manipulation
and the individualized consideration of patient treatment in terms
of hardware and software configuration (Fig. 1). The design is
based on the multiple problems that have been encountered and
may be faced in the future in the clinical operation of the treatment
of LDH since the generation of lever positioning manipulation,
with modular layout and convenient intelligent response as the
core, highlighting the characteristics of multidisciplinary compre-
hensive development. Considering that in the early stage of tech-
nology development, in order to save research and development
costs, it is necessary to figure out how to select the key points in
the design layout, and according to the needs of the development
of the discipline market, leave enough space for the replacement
of the next generation version, and develop applications in new
application fields. Specifically, the design of hardware highlights
the ability of HMD core processor to exchange and collate data,
and the development of software highlights the interaction of clini-

cal, rehabilitation and nursing.

NOTE A. LPM XR navigation setup process; B. The operator wears FMD and operates LPM under the guidance of XR navigation to treat LDH: The patient

lies on his back, bends his hips and knees and crosses his lower limbs. Under the guidance of XR navigation, the doctor wears HMD to locate the

patient’s vertebral segment with the olecranon of one elbow, and holds the patient’s ankles with both hands on the other side and pulls them backward

and upward to drive the lumbar spine to the "trigger point" , so as to pull them quickly with controlled force.

Fig.1 LPM XR navigation establishment process and operation concept diagram

8 Discussion and prospects

As a hardware development with standard chiropractic navigation
software, its program operation interface can visually present a
complete state of spinal health or loss of health. Therefore, the im-
age acquisition before 3D modeling should be based on the entity of
these two types of individuals, so that the MRI images can be cut

into 1 mm thin slices and saved in DICOM format'™ . Through

software analysis and layer-by-layer superposition, the spatial
scope of the skeleton and the system outside the skeleton is distin-
guished and marked with different colors. In order to facilitate the
morphological judgment of clinical diagnosis and rehabilitation as-
sessment, the complete digital construction of human skin and the
rendering of simulated human gender characteristics are ideally

completed on the basis of the wrapping of the core skeleton and
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muscle of the motor system. The development of technology de-
vices requires the ability to perceive and create virtual environ-
ments, separate from the physical environment. Therefore, it is
necessary to use a large number of sensors such as sound and light
in the hardware configuration to obtain information similar to hu-

51]
man senses[ )

A high-definition 3D camera device (more than
1.3 million pixels) should be installed at the operation site to fa-
cilitate AR capture and comparison of the model database and in-
telligent modification to make the height of the generated virtual
human close to the patient’s physical appearance'”’ | and to stand-
ardize the shooting of the spatial angle of the patient’s lower limbs
raised with the operator’s arm during the lever positioning treatment
of LDH.

In order to make the AR system produce a meaningful expan-
sion of the operation lever positioning in the manipulation treatment
of LDH, the operation environment must provide a smooth network
streaming media guarantee. The 3D digital human spine holograph-
ic image, the sagittal parameters of the patient’s pelvis and the
prediction information of the pressure difference between the inside
and outside of the intervertebral disc should be superimposed and
enlarged at any time and displayed in the corresponding playing ar-
ea of the HMD with high quality. In software design, the rendering
of AR should not only stay on the screen image, but also strength-
en the operating environment in both touch and hearing. Visual
rendering not only introduces virtual data into the DR environment
or superimposes them mechanically on the HMD, but also enables
the lever positioning manipulation operator to have a rich and en-
hanced perception of the patient’s lumbar disc condition, spinal
stability and comfort after treatment. During the operation of lever
positioning manipulation for LDH treatment, advanced algorithms
can be used to develop novel patterns of user information interac-
tion, such as eyeglass or head gaze, voice commands, multimodal
gesture input, body movement, or AR controller control. In order
to improve the operation accuracy of lever positioning manipulation
in the treatment of classified LDH, the extraction of realistic image
data of patients such as CT and MRI by AR should be able to re-
construct their integrity in space. Besides, the corresponding pel-
vic number table is accurately given as an auxiliary operation me-
dium for mechanical operation. Navigation should fully understand
the material structure characteristics of spinal skeleton, interverte-
bral disc and paraspinal muscles, and capture the stress adjust-
ment information of these structures due to spinal movement. In
the process of manipulation operation, AR think tank should accu-
rately prompt the position of the manipulation operator’s elbow con-
tact point according to the image and on-site judgment, and predict
the patient’s blood pressure, pulse, heart rate, respiration and
pain threshold according to the data navigation. It can roughly
judge the mechanical strain of the patient’s lumbar intervertebral
disc in the process of excessive lifting, and give the elbow tip force
of the operator and prompt it in HMD in real time. In the develop-
ment of HMD, it should increase the application of 3D holographic
imaging technology, make interactive technology serve the opera-
tion of lever positioning thoroughly, and improve the application
rate of manipulation from the perspective of scientific and techno-
logical innovation. In the process of using HMD, in order to facili-

tate the operator to obtain extremely high wearing comfort, the ac-
curate measurement of the operator’s visual distance and pupil dis-
tance by AR is also worth considering. By adjusting the viewing
distance of 3D imaging, the operator’s concern about the image
blind area caused by myopia during manipulation can be reduced.
In the future AR think tank configuration, efforts will be made to
realize the information exchange between navigation and industry
management departments, automatically expand the lever positio-
ning manipulation operation path of LDH according to the long-
term information backup expansion, and further deepen the con-
cept of treatment path. The operation of the system should focus on
its ability to resist electromagnetic interference and store operating
memory in the event of power failure.

With the rapid development of computer information technolo-
gy, medical technology has gradually become intelligent, precise

.7
and convenient'” .

From the application of XR technology in the
field of global surgery, it is not difficult to see that although the
digital human body is alive, there are still many uncertainties in
the use of XR equipment and systems. Therefore, in the transplan-
tation evaluation of technology application, it is necessary to exam-
ine a set of practical manipulation design suitable for lever positio-
ning, especially for LDH in chiropractic treatment, from the as-
pects of electricity, information and algorithm. Based on the bio-
logical characteristics of chiropractic, the application of informa-
tion algorithm should use local modular expression to solve the
problems that need to be dealt with as a whole. Software services
should provide different lever positioning packages according to the
clinical classification of lumbar intervertebral disc. According to
the strict standardization of LDH diagnosis and treatment standards
by the World Health Organization, the generation update of naviga-
tion software should constantly adapt to the new clinical needs in
practical application. In the early stage of technology develop-
ment, animal experiments should be used to find out the problems
that may occur in human use, and the algorithm and technical
route should be adjusted in the later stage. The treatment of LDH
by bar-positioning technology has gone through the era of physical
and chemical experiments, the era of biomechanics, and is moving
towards the era of information electrophysiology. As one of the chi-
ropractic techniques, the lever positioning manipulation is quite
demanding on the use of force. The movement of the fulcrum dur-
ing the operation determines the change of the arm of force, so the
force of manipulation during the operation must float accordingly,
and this floating is still controlled by human beings. How to avoid
the artificial floating error and navigate the clear experience in the
use of the field of surgery, it is necessary to endow the software
with a new mission in the field of chiropractic development, and
also bring a new spring for the development of the discipline in the
middle of the twenty-first century.
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