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Abstract

An experimental instrument for simulated intracranial pressure measurement was designed based
on computer vision technology. A dual-glass-tube constant-pressure device was constructed to sim-
ulate the cerebrospinal fluid sampling environment in lumbar puncture. Combined with a high-
frame-rate camera and Python-based image processing algorithms, the system realized dynamic
capture of the droplet falling process at the tip of the puncture needle and analysis of the time in-
tervals between adjacent droplets. A scaling relationship model between lumbar cerebrospinal
fluid pressure and the time interval of adjacent droplets was established, and the calculation for-
mula of simulated intracranial pressure was derived. The instrument features high measurement
accuracy, small error and good stability. This experiment adopts an ideal physical model, which
simplifies the spinal canal as a rigid and smooth pipeline, without considering real physiological
factors such as cerebrospinal fluid pulsation and brain tissue elasticity. The derived formula is only
a theoretical derivation exercise based on the ideal model. Its teaching purpose is to guide students
to understand the application principles of fluid mechanics, Poiseuille’s law and computer vision in
medical measurement, and to experience the internal connection between physical principles and
medical practice as well as the application value of advanced image processing technology in med-
ical measurement in a simulated clinical scenario, which helps to cultivate interdisciplinary think-
ing and medical-engineering integrated innovation ability of medical students.
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Table 1. MRI measurements of normal adult spinal cord
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Fr5 FRETE RWRE(mm)  BERAE(mm) P BB RWRE(mm)  BERAE(mm)

1 c1/c2 9.8 12.2 12 T5/T6 6.7 8.0
2 C2/C3 9.4 12.8 13 T6/T7 6.7 7.9
3 C3/C4 9.0 133 14 T7/T8 6.7 7.9
4 C4/C5 8.7 13.9 15 T8/T9 6.8 8.0
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5 Cs5/C6 8.4 13.1 16 T9/T10 6.8 8.1
6 C6/C7 8.0 11.9 17 T10/T11 6.9 8.2
7 C7/T1 8.1 10.6 18 T11/T12 73 8.4
8 T1/T2 7.1 8.2 19 T12/L1 11.0 14.1
9 T2/T3 6.9 8.2 20 L1/L2 14.6 19.8
10 T3/T4 6.8 8.1 21 L2/L3 133 18.3
11 T4/T5 6.8 8.0 22 L3/L4 12.0 16.8
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Figure 1. Diagram of the constant-pressure
device for cerebrospinal fluid
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Figure 2. Main workflow of the program design
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Figure 3. Motion images captured by the camera
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Figure 4. Line chart of pixels with grayscale value 255 in the difference image
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Figure 5. Experimental setup: (a) Perforated rubber stopper embedded with straight glass tube and L-shaped glass tube; (b)
Constant-pressure device for simulating lumbar puncture; (c) Physical diagram of the simulated intracranial pressure measure-
ment experimental instrument
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ture needles
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Table 2. Fitting results of the scaling relationship model for No. 9 puncture needle and cerebrospinal fluid
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Table 3. Comparison of intracranial pressure measured by different methods
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3 97.94 97.54 0.40 99 1.00
4 131.23 131.53 0.22 137 4.48
5 137.11 137.15 0.03 147 7.14
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7 144.95 144.50 0.31 149 2.70
8 146.90 147.11 0.14 149 1.33
9 148.86 148.45 0.28 150 0.66
10 150.82 149.81 0.67 152 0.65
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