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This study was to explore the therapeutic effect of magnetic resonance imaging (MRI) images based on the image processing
algorithm under the correlation of dyadic wavelet coefficients on the diagnosis of tibial osteomyelitis patients. 32 tibial oste-
omyelitis patients admitted to hospital were randomly selected as the research objects. According to the patients” wishes, patients
who were willing to use new MRI imaging techniques for disease detection were set as the experimental group and conventional
MRI imaging detection methods were set as the control group. The application effect of the new MRI imaging technology was
evaluated by comparing the treatment effect of the two groups of patients. It was found that the mean square error (MSE)
(38.5642) and signal-to-noise ratio (SNR) (18.5122) processed by the improved wavelet algorithm were much better than those of
unimproved dyadic wavelet algorithm (59.1096 and 15.2341) (P < 0.05). The possibilities of soft tissue swelling, bone invasion or
destruction, thickening and sclerosis of bone cortex, bone abscess, periosteum response, dense dead bone, and bone sinus of
patients in the experimental group were higher than those of the control group, which were 100% vs. 55%, 100% vs. 80%, 92% vs.
65%, 50% vs. 25%, 42% vs. 15%, 67% vs. 45%, and 50% vs. 15%, respectively (P <0.05). The healing time of osteomyelitis
(22.89 £2.19d vs. 32.32 +£2.81 d) and the recovery of wound infection (14% vs. 45%) in the patients in control and experimental
groups showed that the results of the experimental group were obviously better than those of the control group. The kappa value of
the diagnosis results and tissue biopsy of the experimental group was higher than that of the control group (0.45 vs. 0.34)
(P <0.05). In conclusion, the results of the enhanced and improved MRI images were relatively more accurate and the treatment
methods adopted were more symptomatic, resulting in more effective treatment. In addition, the wavelet algorithm had certain
application value in the enhancement processing of medical images and showed a good development prospect.

1. Introduction

Osteomyelitis refers to the purulent inflammation involving
the bone marrow, bone, and periosteum. It is mainly caused
by aerobic or anaerobic bacteria, mycobacteria, and fungi
[1]. Osteomyelitis can occur at any age and is most common
in children between 2 and 10 years old. The typical clinical
manifestations are sudden frequent onsets, chills, high fever,
severe pain in the affected limb, refusal to move, and obvious
tenderness [2, 3]. The infection pathways of osteomyelitis
mainly include blood-borne dissemination, direct infection
after trauma, and direct spread of adjacent soft tissue in-
fections [4]. The main sites of osteomyelitis are the long

bones, which are tibia, common bone, humerus, and radius
according to the order of incidence. The most common sites
in children are long bones with good blood supply, such as
the metaphysis of the tibia or femur [5, 6]. As a very
common disease in orthopedic surgery, traumatic tibial
osteomyelitis is mainly caused by the infection of bone tissue
caused by various traumas, which leads to multiple tissue
systems such as periosteum, medullary cavity, and soft tissue
[7]. In clinical practice, infection control and complete le-
sion removal are often used to treat patients with traumatic
tibial osteomyelitis. However, after the lesion is removed,
bone exposure and surrounding soft tissue defects are likely
to occur, which brings certain difficulties to clinical
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treatment [8]. In addition, as a common clinical disease,
most cases of osteomyelitis have typical clinical and imaging
manifestations. However, the pathogenesis and develop-
ment of osteomyelitis can be affected by many factors. In
particular, the widespread use of antibiotics and changes in
bacterial virulence in recent years have led to an increase in
osteomyelitis with atypical clinical and imaging findings,
making it difficult for imaging diagnosis and differential
diagnosis, resulting in misdiagnosis [9]. Magnetic resonance
imaging (MRI) has multidirectional imaging capabilities and
can provide a lot of information for the diagnosis and
treatment of lesions. Noninvasive, painless, and nonradiation
ultrasound examination shows high sensitivity and accuracy
only for soft tissue lesions, especially suitable for early ex-
amination of children with tibial osteomyelitis [10, 11].

In recent years, researchers have constantly explored
technical methods that can enhance the pixels and resolution
of imaging images to make medical imaging technology have
more accurate application effects in the examination and
diagnosis of clinical diseases. Commonly used image en-
hancement methods are mainly spatial domain enhance-
ment based on pixel grayscale transformation and frequency
domain enhancement based on filtering operations. How-
ever, people found that the application of spatial domain
enhancement methods for medical image processing often
cannot meet the processing requirements of medical images.
In the frequency domain enhancement method, because the
wavelet transform’s multiresolution analysis has good time
domain and frequency domain localization characteristics, it
can effectively characterize the local characteristics of the
signal and focus on the details of the analysis object.
Therefore, the wavelet transform is particularly suitable for
medical image processing [12, 13]. A large number of
scholars have conducted research and proposed the wavelet
exchange algorithm as an image enhancement processing
method, but there are not many methods that can be well
applicable to the enhancement processing of MRI images
[14]. Research has found that the MRI image pixel classi-
fication processing algorithm with wavelet coefficient cor-
relation can realize the enhancement of image signals of
different scales, better retain the edge characteristics of the
image signal, enhance the image detail signal, and suppress
the generation of image noise, so it is applicable for pro-
cessing noise-containing low-contrast MRI images [15].

Therefore, in this study, the image processing algorithm
based on correlation of dyadic wavelet coeflicients were
adopted to enhance the MRI image for the diagnosis of
wound infection in patients with tibial osteomyelitis, and the
treatment effect of patients with tibial osteomyelitis after the
treatment of this technology was observed under the MRI
image diagnosis results, aiming to provide more beneficial
and improved basis for the clinical diagnosis and treatment
of the disease.

2. Methods

2.1. Research Objects. In this study, 32 patients with tibial
osteomyelitis admitted to hospital from January 2020 to
April 2021 were randomly selected as the research objects.
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Through soliciting opinions from patients, the patients who
were willing to receive the new MRI imaging technology for
disease detection were defined as an experimental group,
with a total of 12 cases; for the other 20 patients, the
conventional MRI imaging methods were adopted for di-
agnosis and inspection (control group). Among all patients,
19 were males and 13 were females, all aged 21-59 years. All
patients met the clinical diagnostic criteria of tibial osteo-
myelitis [8]. This study obtained the informed consent of
patients and their families, who had signed the informed
consent forms in strict accordance with relevant regulations.
This study had been approved by the Ethics Committee of
hospital.

The inclusion criteria were described as follows: patients
with no rejection reaction to MRI examination; patients who
could conduct a complete study; and patients with clear
mentality and conscious.

The exclusion criteria were defined as follows: pregnant
women; patients with other severe liver, kidney, and other
organ dysfunctions; and patients with relatively critical
illness.

2.2. Conventional MRI Examination Method. All patients
undergoing routine MRI examinations used an instrument
for examination before and after treatment, which was
operated by the same experienced, skilled, and accurate
imaging doctor. The superconducting magnetic resonance
scanner with a magnetic field strength of 1.5 T was selected
for scanning. The knee joint coil was selected according to
the needs of the inspection site (see Figure 1 for the specific
operation method), and the image was constructed. Finally,
two senior doctors were required to interpret the results. If
the results were inconsistent, they had to re-examine and
negotiate and finally reach a consensus.

2.3. MRI Imaging Technology Based on the Correlation Pro-
cessing Algorithm of Dyadic Wavelet Coefficients. MRI im-
aging technology based on the correlation of dyadic wavelet
coeflicient processing algorithm was introduced as follows.

In the case of two dimensions, the calculation of the
dyadic wavelet transform required multiple wavelet func-
tions in different spatial directions, as shown in equation (1):
in general, d=1 and d=2 represented the horizontal and
vertical directions, respectively. The two-dimensional dis-
crete function is shown in equation (2), and its finite-order
dyadic wavelet transform can be expressed as equation (3).

{wq}IquQ’ (1)
f(w,e) e t(r*), (2)

Y(f (w,e)] ={YILf (W, &)l 1o L f (w )]} (3)

In the above equations, y refers to the dyadic wavelet, q is
the discrete value, (1?) represents the constant value of the
function f(w,e), t*> is the Fourier transform, and
YZ[f (w, e)] refers to the wavelet transform coefficient of the

function f (w, e) at the position (w, e), scale u, and direction;
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FiGure 1: The specific operation process of MRI scan.

and I, [ f (w, e)] refers to the approximation at the position
(w, e) on the maximum order J.

Since the signal was dependent on the presence of noise
in MRI images, it was required that the selected threshold
must have good adaptability. In this study, a new threshold
was adopted for calculation, and the expression is given as
follows:

0,
p=\|log (4)

2
_’4
X’
u

In equation (4), U is the number of decomposition
layers, O, is the width of the subband on the u-th scale,
refers to the standard deviation of the noise on the u-th
order, and y represents the variance of the coefficient
component ratrix on each scale. Because the dyadic wavelet
transform was a nonorthogonal transform, the noise energy
after the transform cannot be uniformly distributed, so the
white noise became colored noise after the transform, and
the variance of the noise on each scale had to be estimated. It
can be proved by the decomposition structure of wavelet
transform [16] that the noise variance of order u is expressed
as follows:

u-2 u-2

2 _ 2 -1

R DIRTAERR (5 YETAINENC)
p=0 p=0

In the above equation, & refers to the variance of image
noise; * and ||, represent the convolution and norm,
respectively; a, and s*7! are filter coefficients. The noise
standard deviation of the original MRI image was unknown,
so it was necessary to estimate the noise standard deviation,
which can be estimated by the wavelet coeflicients on the

smallest scale, and the estimated value could be calculated
with the following equation:

~ median(|YZf|)
- 0.6745

(6)

The confidence method for the improved correlation of
wavelet coefficients was introduced as follows. First, the cor-
relation of the wavelet coefficients of adjacent scales is calcu-
lated; the wavelet coefficients of the adjacent two scales obtained
after multiscale decomposition of the image are Y7 and Y ,;
and the correlation coefficient between the two is given in
equation (7). The total power Hp of the u-th correlation
coefficient and the total power Hys of the wavelet coefficient

can be obtained as equations (8) and (9), respectively:

D‘I — Y‘f % YZH, (7)
Hps = Y [Di(w,e) » D} (w,e)], (8)
Hyy =) [Yi(w,e)* Y] (w,e)]. (9)

w,e

After normalization, DI can be expressed as follows:
— (10)

Second, the nature of the corresponding points was
determined according to the correlation of the wavelet
coeflicients: in order to determine the cause of the wavelet
coeflicients, the correlation coefficient plane obtained after
normalization was mapped to the confidence plane of the
interval [0, 1], and the minimum value of u-scale correlation
coefficient plane could be calculated with the following
equation:

minD_Z: min“DZ (w,e)”». (11)

Finally, different enhancement methods were selected
according to the nature of the point. For the case where the
wavelet coefficients were caused by the signal, a linear
function was used for enhancement. The expression of the

enhancement function is shown as follows:
LxY V| <K,

You = . (12)
Y, +sign(Yy,)* (L-1) %K, |Y

1n|

In the above equation, L refers to the wavelet en-
hancement coefficient and K represents the wavelet coeffi-
cient threshold. Since the enhanced part here was clearly an
image signal, the linear stretching of the signal’s contrast
would not cause the amplification of noise.

If the wavelet coeflicients were caused by noise, a hard-
threshold denoising function was used, as shown in the
following equation:

0)
Yout =

Y| <K,

. Yl > K. ()



The mean square error (MSE) and signal-to-noise ratio
(SNR) were adopted to evaluate the enhancement effect after
processing, and the expression equations are as follows:

MSE = —W Zw 1(fq’w ~ o) >

(14)
Zq Lw= 1f m,n

Zq Lw= 1(qu_ m)z

The smaller the variance MSE and the larger the signal-
to-noise ratio, the better the processing effect.

SNR = 10Ig

2.4. Observation Indicators. The MRI imaging results of the
two groups of patients were compared, including the lesions
of the soft tissue, bone, periosteum, cortical bone, bone
marrow, and bone marrow cavity of the lesion.

The treatment effects of the two groups of patients were
compared, and a comprehensive evaluation was made by
comparing the functional activities of the knee and ankle
joints, the wound healing time, the control of wound in-
fection, and the clinical treatment effect of the two groups of
patients after treatment [17]. Both the Hospital for Special
Surgery Knee Score (HSS score) [18] and American Or-
thopaedic Foot and Ankle Society (AOFAS) [19] score were
100 points. The higher the score, the better the patient’s knee
and ankle joint function. For the wound infection control: if
the wound color was ruddy, there was no purulent secretion
and no peculiar smell, it was better; otherwise, no im-
provement was seen.

2.5. Statistical Analysis. The SPSS22.0 statistical software
system was applied for data entry, sorting, and statistical
analysis. The comparison of count data was performed using
the X? test, and the comparison of measurement data was
performed using the t test. Multiple sample means were
compared by analysis of variance, the Least Significant
Difference (LSD) method was used when the variance was
uniform, and the Dunnett T3 method was used when the
variance was uneven. P <0.05 meant that there was a sta-
tistically significant difference. The kappa test was performed
on the consistency between the MRI image inspection result
and the tissue biopsy. When kappa > 0.75, the consistency
between the two was strong; when 0.4 <kappa <0.75, the
consistency between the two was general; and when
kappa < 0.4, the consistency between the two was poor.

3. Results

3.1. Algorithm Processing Effect. Figure 2 shows the com-
parison of the processing effect of the improved dyadic
wavelet algorithm and the improved dyadic wavelet coef-
ficient correlation processing algorithm on MRI images.
According to the results, the image MSE (38.5642) and SNR
(18.5122) processed by the improved wavelet algorithm were
much better than those of the unimproved dyadic
wavelet algorithm (59.1096 and 15.2341) (P <0.05). In
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FiGure 2: Comparison on MRI image processing effect of
wavelet algorithm before and after improvement.

Figure 3, the comparison of MRI images before and after
using the dyadic wavelet coeflicient correlation processing
algorithm is shown. It illustrated that the resolution of the
processed image was greatly improved.

3.2. Comparison on Basic Data of Patients in Two Groups.
During this study, the statistics were performed firstly on
general data of the two groups of randomly selected patients.
Of the 12 patients in the experimental group, the numbers of
males and females were both 6, and the numbers of males
and females of the 20 patients in the control group were 11
and 9, respectively. The proportions of men in the two
groups were 50% and 55%, respectively, and the proportions
of women were 50% and 45%, respectively. Through ob-
servation shown in Table 1, it was found that there was no
significant difference in the age range and average age of the
two groups of patients, and the above comparison was not
statistically significant (P > 0.05). Therefore, it was feasible to
study and compare the two groups of patients.

3.3. The Results of MRI Imaging for Tibial Osteomyelitis in the
Control Group. After the routine MRI imaging examination,
the patients in the control group were analyzed by profes-
sional doctors and the results were statistically sorted.
Figure 4 shows the distribution results of the soft tissue,
bone, periosteum, cortical bone, bone marrow, and bone
marrow cavity of the patients with acute tibial osteomyelitis
and chronic tibial osteomyelitis in the control group. It
indicated that the majority of patients with acute tibial
osteomyelitis had the above lesions. Figure 5 shows the MRI
images of the same patient’s lesions in different orientations,
including coronal, sagittal, and axial lesions.

3.4. MRI Images of the Experimental Group to Check the
Condition of Lower Tibial Osteomyelitis. The patients in the
experimental group were examined through the MRI images
processed by the improved dyadic wavelet coefficient
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F1GURE 3: Comparison on MRI images processed by wavelet algorithm. (a) Original image, (b) image processed by wavelet algorithm before
improvement, and (c) image processed by wavelet algorithm after improvement.

TasLE 1: Comparison on basic data of patients in two groups.

Gender Age
Males (n=19) Proportion (%) Females (n=13) Proportion (%) Age range (years) Average age (years)
Experimental group (n =12) 6 50 6 50 [21, 57] (37.78 +2.36)
Control group (n=20) 11 55 9 45 [22, 59] (38.21 +£3.09)
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FIGURE 4: The lesions of tibial osteomyelitis patients in the control group. Note. A-G refer to soft tissue swelling, bone invasion or
destruction, cortical thickening and hardening, bone abscess, periosteal reaction, compact sequestrum, and sinus tract, respectively.

FIGURE 5: MRI images of tibial osteomyelitis in different directions of patients in the control group.

correlation processing algorithm, and the results were sta-  bone, periosteum, cortical bone, bone marrow, and bone
tistically sorted after analysis by professional physicians.  marrow cavity of the patients with acute tibial osteomyelitis
Figure 6 shows the distribution results of the soft tissue, =~ and chronic tibial osteomyelitis in the control group. It
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FIGURE 6: The lesions of tibial osteomyelitis patients in the experimental group. Note. A-G refer to soft tissue swelling, bone invasion or
destruction, cortical thickening and hardening, bone abscess, periosteal reaction, compact sequestrum, and sinus tract, respectively.

indicated that the majority of patients with acute tibial
osteomyelitis had the above lesions. Figure 7 shows the MRI
images of the same patient’s lesions in different orientations
in the experimental group, including coronal, sagittal, and
axial lesions.

3.5. Comparison of the Results of the Two Groups of MRI
Images. As illustrated in Figure 8, the comparison on the
above two MRI examination results and images revealed that
the possibilities of all patients in the experimental group
detected soft tissue swelling, bone invasion or destruction,
cortical thickening and hardening, bone abscess, periosteal
reaction, compact sequestrum, and sinus tract were higher
compared to those of the control group, showing statistically
significant differences (P < 0.05). Comparison on MRI im-
ages of the two groups of patients (Figure 9) suggested that
the MRI image in the experimental group that was enhanced
by the correlation of dyadic wavelet coefficients processing
algorithm was obviously higher than that in the control
group in terms of pixels and resolution, and the high and low
signal boundaries of the lesion were more obvious. The
boundary between the lesion of patient in the control group
and normal tissue was relatively blurred. The above results
indicated that the inspection results of the enhanced and
improved MRI image were relatively more accurate.

3.6. Comparison on Treatment Status and the Consistency
between the Results of the Needle Biopsy and the MRI Ex-
amination of the Two Groups of Patients. The healing time
and wound infection recovery of the two groups of patients
were observed and compared, and the results are given in
Table 2. In terms of the patient’s leg activity and treatment
time, the evaluation result of experimental group was greatly
higher and the treatment time was obviously less in contrast
to the control group, and the comparison was statistically
significant (P <0.05). The wound infection probability and
recurrence probability of the experimental group were
dramatically lower than those of the control group, and the
comparison was statistically significant (P < 0.05). After that,

the kappa test was performed based on the consistency
between the MRI diagnosis result and the tissue biopsy
result. The result suggested that the kappa value of the
experimental group diagnosis result and the tissue biopsy
was 0.45, while the kappa value of the control group was
0.34, so in the experimental group, it was much higher,
showing statistically observable difference (P <0.05).
Therefore, it showed that the diagnostic results of experi-
mental group patients were relatively more accurate and the
treatment methods adopted were more symptomatic, so that
more effective treatment can be achieved.

4. Discussion

In recent years, with the abuse of antibiotics and the con-
tinuous changes in bacterial toxicity and the enhancement of
drug resistance, the number of patients with clinically
atypical clinical manifestations and imaging changes in
osteomyelitis has also increased, leading to the difficulty in
imaging diagnosis, and differential diagnosis is increased,
which often causes misdiagnosis and delays the timely
treatment of the disease [20]. Therefore, in order to improve
the accuracy of diagnosis, experts are constantly researching
and exploring. At this stage, the commonly used imaging
examinations for the diagnosis of osteomyelitis include plain
X-ray, CT, MRI, ultrasound, and radionuclide bone scan.
X-ray manifestations in the early stage of the disease are
mostly negative, which is of little significance for the early
diagnosis of the disease. The radionuclide bone scan can
show abnormal radioactive concentration in the early stage
of the disease, with high sensitivity, but poor specificity and
high false negatives. CT and MRI have good soft tissue
resolution, which can detect lesions early and accurately
display the extent of lesions [21-24]. To understand the value
of MRI in the diagnosis of osteomyelitis, a retrospective
analysis of the X-ray, MRI plain scan, and Gd-DTPA en-
hanced scan data of 20 patients with osteomyelitis showed
that MRI had important value in the diagnosis of osteo-
myelitis, especially in showing early lesions and the scope of
the lesion was significantly better than X-ray [25]. Some
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FIGURE 7: MRI images of tibial osteomyelitis in different directions of patients in the experimental group.
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FiGgure 8: Comparison on the proportions of symptoms detected in the lesions of the two groups of patients with tibial osteomyelitis. Note.
A-G represent soft tissue swelling, bone invasion or destruction, cortical thickening and hardening, bone abscess, periosteal reaction,

compact sequestrum, and sinus tract, respectively.

people also compared the X-ray, CT, and MRI manifesta-
tions of osteomyelitis, focusing on the MRI manifestations of
various signs of osteomyelitis and the application value of
various imaging examination methods to osteomyelitis; it
was found that MRI can accurately estimate the extent of the
lesion, which was larger than the X-ray examination; in
addition, its high soft tissue resolution was incomparable
with X-ray and CT, which could clearly display intra-
medullary and extramedullary lesions, basically meeting the
clinical requirements for modern imaging medicine; it was
concluded that, for the early diagnosis and treatment of
osteomyelitis, MRI was the most valuable imaging method
[26]. In this study, the improved method of
wavelet algorithm (dyadic wavelet coeflicient correlation
processing algorithm) was used to enhance the MRI image of
the experimental group of patients and used for disease
diagnosis and treatment. A series of examinations and the
healing of the patients in the later period were observed and
compared. First, it was concluded that the image MSE and
SNR processed by the improved wavelet algorithm were
much better than those of the unimproved dyadic
wavelet algorithm (P <0.05). Some research experts have
proposed a new noise suppression algorithm based on

dyadic wavelet transform for the shortcomings of traditional
denoising methods that blur the edges of MRI images while
reducing noise, and experimental results revealed that this
method showed higher denoising accuracy than traditional
denoising methods and could effectively reduce noise while
maintaining image details and edge information [16]. A
third-order piecewise function-based unfixed point pro-
cessing algorithm is also proposed. Experiments show that
this method can achieve pixel classification, suppress noise
points, and effectively enhance target pixels [27]. Wu et al.
[28] also proposed in their research that compared with the
traditional wavelet transform, the improved wavelet trans-
form algorithm can capture more geometric features of the
spherical image. The above studies all support the results of
this study. In this study, the consistency of the results of the
needle biopsy and MRI examinations of the two groups of
patients was compared, and the kappa value of the diagnosis
results and tissue biopsy of the experimental group was
higher than that of the control group (P <0.05). In the
healing time of osteomyelitis and the recovery of wound
infection in the two groups of patients, the results of the
experimental group were obviously better than those of the
control group. It shows that as the display resolution ratio of
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F1Gure 9: MRI images of two groups of patients.

TaBLE 2: Comparison of the treatment status of the two groups of
patients.

Experimental group Control group

HSS score 80.45+5.13 59.67 £3.18
AOFAS score 78.01 £3.12 43.23+4.98
Wound healing time (d) 22.89+2.19 32.32+2.81
Hospital stays (d) 34.78 £2.91 28.89+2.10
Wound infection rate (%) 89 61
Incidence (%) 14 45

the MRI image is higher, the diagnosis result is closer to the
accurate result and the treatment effect for the patient is
better. Such results are consistent with the research results of
Lai et al. [29].

5. Conclusion

In this study, the MRI images processed by the correlation of
dyadic wavelet coefficient algorithm were applied to diag-
nose the wound infection in patients with tibial osteomy-
elitis, aiming to observe the treatment effect. The results of
the study are summarized as follows. All patients in the
experimental group showed higher probabilities of detecting
soft tissue swelling, bone invasion or destruction, cortical
thickening and hardening, bone abscess, periosteal reaction,
compact sequestrum, and sinus tract in contrast to those of
the control group; in the healing time of osteomyelitis and
wound infection recovery of the two groups of patients, the

results of experimental group were obviously better than
those of control group, and the kappa values of experimental
group diagnosis results and tissue biopsy were higher than
those of control group.

Based on the above results, it was found that the ex-
amination results of the enhanced and improved MRI im-
ages were relatively more accurate and the treatment
methods adopted were more symptomatic, thus achieving
more effective treatment. It suggested that the
wavelet algorithm had a reliable application value in the
enhancement processing of medical images and showed a
good development prospect.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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