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+e study focused on the application value of Algebraic Reconstruction Techniques (ART) based magnetic resonance imaging
(MRI) in the diagnosis of cartilage injury in patients with patellar dislocation, as well as the treatment effect of platelet-rich plasma
(PRP). 50 patients with patellar dislocation admitted to the hospital were selected as the research subjects, and they were randomly
divided into the experimental group (lateral retinaculum plasty and PRP treatment) and the control group (lateral retinaculum
plasty), with 25 cases in each group. +e ART-based MRI technology was used to judge the recovery of patients after surgery and
analyze the differences in clinical data between the two groups. +e results showed that the running speed under ART algorithm
was significantly faster than the traditional Joseph algorithm and Siddon algorithm, and the image reconstruction effect was better.
+e visual analog scale (VAS) scores of preoperative and postoperative pain and the Hospital for Special Surgery (HSS) score in the
experimental group were better than those of the control group (P< 0.05). In conclusion, the ART-based MRI technology can
clearly show cartilage injury and the PRP treatment can effectively relieve postoperative pain, with reliable curative effects and
simple operations.

1. Introduction

Patella, also known as the kneecap, is in front of the knee
joint and forms the patellofemoral joint together with the
femur. In recent years, with the improvement of people’s
quality of life, fitness exercise has gradually become
popular. However, because of various reasons, such as
incorrect fitness methods, the incidence of knee joint
injuries has also increased year by year. Among them,
patellar dislocation is common. Generally speaking,
patella dislocation is when the knee joint is bent, the
patella deviates from the groove of the femur. Patella
dislocation mainly occurs in adolescents and sports en-
thusiasts, and it is also common in female groups. +e
pathogenic factors are mostly congenital patella position,

shape, or femoral trochlear dysplasia. According to dif-
ferent causes, patella dislocation can be divided into acute
traumatic patella dislocation, recurrent patella disloca-
tion, and habitual patella dislocation.

Platelet-rich plasma (PRP) refers to a liquid whose
platelet concentration is significantly higher than the
normal value, and it is often used in the treatment of bone
and tendon injuries. A variety of growth factors and
mediators contained in platelets contribute to the body’s
natural healing process [1]. PRP preparations can be
further refined into leukocyte-rich PRP preparations and
leukocyte-poor preparations. +e difference between the
two is whether the concentration of neutrophils is higher
than the baseline concentration [2]. Nevertheless, be-
cause of the distinct types of operations and equipment
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used during the preparation process, the specific com-
ponents of PRP preparations may differ. As a result, the
clinical efficacy of PRP is difficult to evaluate. Studies have
shown that, after two years of PRP injection, the ex-
perimental group shows a significant effect at 12 weeks of
follow-up, but at 26 weeks and above, the difference
between the two groups is no longer obvious, which
indicates that the efficacy of PRP is not lasting [3]. Al-
though there has been clinical research on the application
of PRP alone, there are few studies on the combined
treatment of PRP with another preparation.

Magnetic resonance imaging (MRI) images have high
resolution for soft tissue and will not cause trauma, which is
a popular method to examine knee joint diseases [4]. +e
Algebraic Reconstruction Technique (ART) is the main part
of the iterative algorithm. +e basic idea is to disperse the
image into a series of pixels, establish a series of equations to
be solved based on the projection data, and obtain a new
reconstructed image [5, 6]. In this study, it was explored
whether MRI based on the ART algorithm can effectively
diagnose cartilage injury in patients after patellar disloca-
tion, and the effect of PRP on the postoperative cartilage
injury was analyzed.

2. Materials and Methods

2.1. Research Subjects. In the study, 50 patients admitted to
the hospital for treatment of patellar dislocation between
January 2018 and February 2020 were selected as research
subjects, and their clinical data were collected. Of the 50
subjects, there were 12males and 38 females, aged 20–55 years
old.+ey were randomly divided into the experimental group
and the control group according to different treatment
methods, with 25 in each.+e experimental group was treated
with lateral retinaculum plasty combined with PRP (Guizhou
Tedia Medical Instruments Co., Ltd, China). +e control
group was treated with lateral retinaculum plasty alone.

+e subjects were selected as per the following inclusion
criteria: (I) diagnosed with patellar dislocation, (II) with
complete clinical data, (III) aged less than 60 years, and (IV)
the family members and the patient himself signed an in-
formed consent form voluntarily.

+e exclusion criteria were as follows: (I) nonpatellar
dislocation patients, (II) patients with mental illness, and
(III) patients who did not sign the informed consent or
withdrew from the experiment halfway.

2.2.MRIExamination. In this study, the MRI workstation is
used for measurement. +e thickness can be directly mea-
sured on the FS-3D-FISP sequence imaging, and the mea-
surement method refers to relevant literature reports.+e T2
value is obtained using T2WI sagittal double echo imaging to
obtain the T2 quantified map first and then measured at the
lesion. Two physicians with clinical experience indepen-
dently measured the thickness of the postoperative cartilage
in the FS-3D-FISP sequence, and the means of the thickness
and the T2 value were taken, respectively.

2.3. ART Algorithm. +e ART algorithm is expressed as
follows:
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numbered j after the kth iteration, λ(k) is the iteration factor
at the kth iteration, and wij is the projection of the jth pixel
on the ith ray (weight factor).

+e algorithm uses line-by-line correction, and the cor-
rection value is the difference between the projection value and
the real projection. Each time the current image is updated, all
rays are corrected once under the current projection angle, and
then the correction under the next projection angle is per-
formed. When all the angles are involved, it means that an
iteration is completed. +e specific steps are as follows: (I) the
image to be measured is dispersed and assigned an initial value;
(II) the theoretical projection value gi � 
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used to calculate the jth pixel; (V) steps (II)–(V) are repeated for
other rays in the current projection direction; (VI) the above
steps are repeated in other directions to complete an iteration;
and (VII) the final result is regarded as the initial value of the
next iteration, and the previous steps are repeated until the
equations converge.

2.4. Simulation Experiment. Simulation environment:
VS2017 under WIN10 system, the hardware environment is
Intel core 6 core processor, the CPU frequency is 3.60GHz,
and the computer memory is 64G.

Network parameters: the image resolution is 512512, and
the pixel× size is 0.023mm2.

+e Joseph algorithm and Siddon algorithm are intro-
duced to compare with the algorithm in the study in terms of
the numerical value and reconstruction speed.

Numerical analysis involves three parameters of nor-
malized root mean square distance measurement value (d),
normalized average absolute distance measurement value
(r), and image similarity coefficient measurement value (ε).
A smaller value of d and rmeans that the measured image is
closer to the reference image, and a larger value of ε means
that the measured image is closer to the reference image.
+ey are expressed as follows:
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where N is the total number of pixels, xi is the gray value of
the ith pixel of the reference image, x∗i is the gray value of the
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ith pixel of the measured image, x is the average gray value of
the reference image, and x∗ is the average gray value of the
measured image.

2.5. Surgical Methods. All patients accepted lateral reti-
naculum plasty for patella reduction. At the same time, the
experimental group received PRP treatment after surgery
and the control group received conservative treatment.

+e specific surgical steps were as follows. +e two
groups shared the same group of physicians. +e patient
underwent combined spinal-epidural anesthesia in a
supine position. +en, the affected lower limbs were
routinely disinfected and draped. After defining the
position of the patella, the deep fascia layer, lateral ret-
inaculum layer, and joint capsule were separated from the
loose lateral retinaculum. Next, according to the patella
track, the free end of the separator was sutured to the
middle of the outer edge of the patella or the upper third
of the patella. Similarly, a suitable soft tissue strip can be
trimmed from the loose inner support belt, and the soft
tissue strip can be sutured with the loosened lateral joint
capsule.

+e experimental group received PRP treatment after
lateral retinaculum plasty. +e preparation of PRP was as
follows. 10 mL venous blood was drawn before surgery
and centrifuged at 2000 r/min for 10 minutes at 4°C.+en,
the supernatant, as well as the white blood cell and
platelet layer, was transferred to another blood collection
tube. Again, centrifugation at 2000 r/min was performed
for 10 minutes at 4°C, and then 2mL of supernatant and
white blood cell and platelet layer were collected. After
suspension, calcium chloride was added to activate
platelets to produce PRP. +e knee joint of the affected
limb was routinely disinfected twice. With the inter-
section of the upper edge of the patella with space be-
tween the patella and the knee joint as the insertion point,
2 mL PRP was injected into the joint cavity, and then the
knee passively flexed and extended 10 times after the
injection. +e injection site should avoid contact with
water within 24 hours after injection. Ice compress was
recommended for patients with knee pain, and nonste-
roidal anti-inflammatory analgesics should be taken
orally if the VAS score was more than 5 points. PRP was
injected once every 7–10 days for a total of 6 injections.

2.6. Evaluation Criteria. Different algorithms were com-
pared for normalized root mean square distance measure-
ment value (d), normalized average absolute distance
measurement value (r), image similarity coefficient mea-
surement value (ε), and reconstruction time. +e postop-
erative pain in the affected area is evaluated by the visual
analog scale (VAS). +e total score is 10 points, and a higher
score indicates that the pain is more unbearable. After the
surgery, the patient’s recovery was evaluated according to
five aspects of pain, joint flexibility, function, knee flexion,
and muscle strength as per Hospital for Special Surgery
(HSS).

2.7. Statistics. +e experimental data were processed using
SPSS19.0, the measurement data were represented by the
mean± standard deviation (x ± s), the count data were
represented by n, and the comparison between groups
adopted the t-test or χ2 test. P< 0.05 was the threshold for
significance.

3. Results

3.1. ;e Basic Data. According to the inclusion and exclu-
sion criteria, 50 patients who were diagnosed with patellar
dislocation were selected, and their clinical data were col-
lected. +ere were 23 males and 27 females, aged between 20
and 55 years, with an average age of 45.32 ± 6.23 years.
+ere were 23 cases with patellar dislocation on the left knee
and 27 cases on the right knee. +e preoperative MRI ex-
amination showed varying degrees of femoral condyle
cartilage injury. As per the Outerbridge cartilage classifi-
cation standard, there were 9 cases of I grade, 13 cases of II
grade, 17 cases of III grade, and 11 cases of IV grade
(Figure 1).

It was noted from Figures 1 and 2 that there was no
significant difference in the clinical data of the two groups of
patients, and they were comparable.

3.2. Simulation Experiment Results. It was evident from
Figure 3 that, in terms of image ε similarity, the ART al-
gorithmwas superior to the other two. At the same time, its r
value and d value were smaller than the Siddon algorithm.

It was evident from Figure 4 that, in terms of the time to
calculate the projection coefficients, the ARTalgorithm took
much less time than the other two. It was more than three
times faster than the Joseph algorithm and five times faster
than the Siddon algorithm. Also, the single iteration of ART
algorithm was also less time-consuming than the other two,
which was more than 2 times faster than the Joseph algo-
rithm and nearly three times faster than the Siddon
algorithm.

3.3. Clinical Observation Indexes. It was noted from Fig-
ures 5 and 6 that, before surgery, the VAS score in the
experimental group was 7.54 ± 0.42 points and that in the
control group was 7.13 ± 0.84 points, showing little dif-
ference. After surgery, the VAS scores of the two groups of
patients were significantly reduced, but the decline in the
experimental group was more obvious, showing statistical
differences (P< 0.05). Before surgery, the HSS score in the
experimental group was 47.54 ± 5.42 points and that in the
control group was 48.12 ± 5.46 points, showing significant
differences. After surgery, the HSS scores of the two groups
had improved, but the improvement in the experimental
group was more obvious, showing statistical differences
(P< 0.05).

3.4.TypicalCase. Amale patient aged 45 in the experimental
group was selected. +e preoperative examination showed
patellar dislocation, with wear of cartilage and edema of
femoral bone marrow (Figure 7).
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Six months after the retinaculum plasty and PRP
treatment, cartilage thickness returned to normal, as shown
in Figure 8.

4. Discussion

+e knee joint is a complex motion joint. In addition to the
function of carrying and distributing the load, cartilage
tissue also plays a role in reducing the friction of the joint
surface and stabilizing the whole body. +e cartilage of the
knee joint is a unique connective tissue composed mainly of
99% extracellular matrix and 1% hyaline cartilage. +ese
cartilage cells can secrete matrix [7], and the collagen fiber in
the outer matrix can maintain the tensile strength and ri-
gidity of the entire cartilage tissue, as well as disperse the
external stress on the knee joint [8]. +e proteoglycan
molecules in the matrix are related to the ductility and
compressibility of cartilage tissue. Because of the poor re-
generation ability of normal chondrocytes and the low
tolerance after regeneration, cartilage injury is difficult to
repair [9]. +erefore, how to efficiently repair articular
cartilage injury has been a hot spot [10].

Studies have shown that PRP contains a variety of
growth factors, such as FGF, TGF-β, and PF4 [11]. +ese
growth factors can activate platelets to promote tissue

healing [12].+e cartilage tissue of the knee joint lacks repair
factors, and injecting PRP into the injured area of the knee
joint is a perfect solution to this problem [13].

+e treatment of cartilage injury also requires an ac-
curate judgment of the injury. Clinically, the evaluation is
mostly based on the clinical symptoms before and after the
operation, but subjective judgments of the doctor are not
accurate enough [14, 15]. MRI examination can make up for
the shortcomings, and it will not cause trauma like ar-
throscopy [16].
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Figure 1: Degrees of cartilage injury in patients before surgery.
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Figure 2: Age and weight statistics of patients in the experimental
group and the control group.
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Figure 3: Numerical analysis of reconstructed images generated by
different projection algorithms. Note. d: the normalized root mean
square distance measurement value; r: the normalized average
absolute distance measurement value; ε: the image similarity co-
efficient measurement value; ∗, #, and ∼: significant differences
versus the Joseph algorithm and Siddon algorithm (P< 0.05).
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Figure 4: +e calculation speed for different algorithms takes time.
∗Significant differences in the running time and the time for a
single iteration versus the Joseph algorithm and Siddon algorithm
(P< 0.05).
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Figure 5: VAS scores of patients before and after surgery. ∗+e postoperative VAS score of the control group was statistically different
compared with the experimental group (P< 0.05).

#

#

Experimental Group Control Group

Before Operation
After Operation

0

20

40

60

80

Po
in

ts

Figure 6: HSS score before and after surgery. #+e postoperative HSS score of the control group was statistically different compared with the
experimental group (P< 0.05).

Figure 7: Preoperative MRI image.

Scientific Programming 5



+e ARTalgorithm in the study not only guaranteed the
accuracy in calculating projection coefficients but also was
nearly 4 times faster than the traditional algorithm in cal-
culation [17].

+e MRI examination has good spatial resolution [18],
can detect tiny cartilage damage [19], displays changes in
cartilage signal intensity [20], and clearly distinguishes
between switch articular cartilage and cartilage subchondral
bone and joint fluid. According to the comparison of pre-
operative and postoperative MRI images, the cartilage
thickness of the experimental group increased, and the
increase was more obvious versus the control group. Of the
25 experimental group patients, 23 cases had a decreased
cartilage T2 value, proving the effectiveness of the PRP
treatment.

In this study, 50 patients diagnosed with patella dislo-
cation received lateral retinaculum plasty. Additionally, 25
patients in the experimental group received PRP treatment,
and the remaining 25 in the control group received the
conservative treatment. It was found that knee joint function
scores of patients who received PRP treatment improved
more significantly, and there were no serious complications
after surgery, confirming the feasibility of the treatment
plan, which not only relieved postoperative pain but also
sped up the recovery.

5. Conclusion

In this study, 50 patients diagnosed with patella dislocation
received lateral retinaculum plasty. Additionally, 25 patients in
the experimental group received PRP treatment and the
remaining 25 in the control group received the conservative
treatment. In the meanwhile, simulation experiments were
carried out for the ART algorithm. It was found that the MRI
examination based on the ART algorithm was faster and the
images were clearer, which provided good objective conditions
for postoperative follow-up observation. Lateral retinaculum
plasty combined with PRP treatment demonstrated significant
therapeutic effects in cartilage damage caused by patellar dis-
location. However, some limitations in the study should be

noted. +e sample size is small, which will reduce the power of
the study. In the follow-up, an expanded sample size is nec-
essary to strengthen the findings of the study. In conclusion,
ART-based MRI technology can clearly show cartilage injury
and the PRP treatment can effectively relieve postoperative pain,
with reliable curative effects and simple operations. +e results
of this study provide a reference for subsequent related
treatment.
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