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changes in the vastus medialis and vastus
lateralis muscles after early patellar reduction
and nerve growth factor injection in rabbits
with patellar dislocation
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Abstract

Background: Patellar dislocation can cause a series of changes in the trochlear groove and patella. However, the
influence of patellar dislocation on the medialis (VM) and vastus lateralis (VL) muscles and whether nerve growth
factor (NGF) is beneficial to proprioceptive rehabilitation for patellar dislocation are unknown. The purpose of this
study was to investigate the effects on VM and VL after the injection of NGF and early reduction in rabbits for patellar
dislocation with electrophysiological and pathological analysis.

Methods: Sixty 2-month-old rabbits were randomly divided into four groups (15 rabbits in each group). Rabbits

in Group 1, Group 2, and Group 3 underwent patellar dislocation surgery, and rabbits in Group 4 underwent sham
surgery. One month later, patellar reduction was performed in Groups 1 and 2. NGF was injected into the rabbits of
Group 1. The electrophysiological and pathological changes in VM and VL were analyzed at 1 month and 3 months
after patellar reduction.

Results: The electrophysiological and pathological indices in Groups 1 and 2 were significantly different from those
in Group 3 at T and 3 months after patellar reduction. There were significant differences between NGF injection Group
1 and Group 2 without NGF injection. There was no significant difference between Group 1 and Group 4 at 3 months
after patellar reduction.

Conclusions: Patellar dislocation can cause abnormal electrophysiological and pathological effects on VM and VL.
Patellar reduction should be performed as early as possible, and NGF injection may be beneficial to the rehabilitation
of proprioception.
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Background

Patellar dislocation is a multifactorial clinical problem
with an incidence of approximately 7 in 100,000 of the
general population, and the rate is higher for younger and
more active populations [1]. Patellar dislocations account
for 3% of all knee injuries. The majority of injuries and
pathology occur in young individuals. In particular, most
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patients with patellar instability are 10—16 years old [2].
Studies have shown that patellar dislocation can lead to
a series of changes in the patellofemoral joint. The effect
of the position of the patella on the development of the
femoral trochlea and patella has been reported. Li et al.
[3] and Wang et al. [4] found femoral trochlear dysplasia
or flattening after patellar instability in growing rabbits.
Niu et al. [5] found that the sectional shape and articular
surface of the patella became more flattened after patellar
dislocation, which indicated that patellar dysplasia could
be caused by patellar instability. However, the patellofem-
oral joint is a whole structure and should be studied in
an integrated manner. The effect of patellar dislocation
on the electrophysiology and pathology of VL and VM is
rarely reported.

Patellar dislocation can be caused by a number of fac-
tors. The stability of the patella depends on the force
line of the lower limb, the shape of the femoral troch-
lea and patella, the integrity of the surrounding support
ligament, and the interaction of the muscles around the
patella. Under the condition of normal osseous structure
of the knee joint, only correct adjustment of soft tissue
balance can achieve satisfactory clinical effects. There-
fore, a deep understanding of the internal and lateral soft
tissues of the patella is the basis for selecting a reasonable
surgical method to obtain satisfactory clinical efficacy.
Experiments have shown that imitated complete loss of
function of the VM will lead to minimum patellar sta-
bility when knee flexion reaches 30° [6]. Goh et al. [7]’s
study also showed that changing the force distribution
of the quadriceps femoris maximizes the displacement
of the patella. The VM and VL play an important role in
muscle balance in patella stability [8]. It is particularly
important to study the VM and VL for a comprehensive
understanding of patellar dislocation.

Niu et al. [9] and Wang et al. [4]’s studies indicated
that early reduction could minimize the occurrence of
femoral trochlear and patellar dysplasia in growing rab-
bits with patellar dislocation. But, the electrophysiologi-
cal and pathological effects of patellar dislocation on
VM and VL have not been confirmed. It is important
to document the imbalance in muscle between VM and
VL. Proprioception has been reported to be composed of
incoming and outgoing pathways of somatosensory sys-
tems that control reflexes and muscle tone, which regu-
late the preciseness of the articular angles of the knee
[10]. The VM and VL are directly connected to the patella
and participate in proprioception. NGF is a neurotrophic
factor released by mast cells, lymphocytes, and mono-
cytes/macrophages in response to tissue inflammation
and nociception [11]. Although NGF is a small secreted
protein, it plays an irreplaceable role in the function and
proliferation of nerve cells [12]. He et al. [13] revealed
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that NGF stimulates nerve regeneration by its biological
activities on both neuronal and nonneuronal cells. In this
study, we investigated the effects of NGF on propriocep-
tors in patellar dislocation. There are many methods for
testing knee proprioception in the human body, but few
for experimental animals. Somatosensory evoked poten-
tials (SEPs), electromyography (EMG), and pathology
are currently recognized as methods that can be used to
check the state of knee proprioception in experimental
animals [14]. The aim of this study was to investigate the
role of patellar reduction and NGF in the propriocep-
tive system following patellar dislocation rehabilitation,
and assess changes in the electrophysiology as well as the
morphology and quantities of proprioceptors in growing
rabbits after patellar dislocation.

Methods

Study design

The experimental protocol was approved by the Aca-
demic Ethics Committee of the Third Hospital of Hebei
Medical University.

Sixty New Zealand white rabbits, 2-month-old, weigh-
ing 460-560 g, female, were provided by the Laboratory
Animal Center of Hebei Medical University. Preoperative
examination of knee motion and gait of all young rab-
bits showed no abnormalities. The left knees of all the
young rabbits were selected for surgery. The rabbits were
randomly divided into four groups (15 in each group)
according to the surgical method. Group 1: patellar dis-
location was performed at 2 months old, and patellar
reduction was performed with intramuscular injection
of NGF 1 month later; Group 2: patellar dislocation was
performed at 2 months, and patellar reduction was per-
formed 1 month later; Group 3: patellar dislocation was
performed at 2 months, and the patella was not reduced;
and Group 4: sham operation group. The electrophysi-
ological and pathological changes of the rabbits in each
group were observed at 1 and 3 months after patellar
reduction (Fig. 1). The previous literature has reported
that rabbits tend to mature at the age of 6 months
[15]; therefore, the observation time was controlled at
3 months post-surgery of patellar reduction when they
were mature after the last follow-up.

Surgical procedures
All surgeries were performed under intravenous anes-
thesia, ketamine (20 mg/kg), and xylazine (5 mg/kg). The
rabbits were fixed on the platform for surgery with spine
position. Before surgery, following standard protocol, the
left lower limb was shaved and sterilized.

Most animal models of patellar dislocation were
achieved by surgical releasing of medial patellofemoral
retinacular band and further suturing with overlapping
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Fig. 1 Schematic of the experimental protocol

the lateral patellofemoral retinacular band [16]. This
experiment also follows this principle. Furthermore, con-
sidering that the VM is directly connected to the patella,
the medial patellofemoral retinacular band was cut at the
insertion point of the femur, in order to avoid damaging
the VM. A 3.5-cm incision was performed on the mid-
line of knee skin; the soft tissue was dissected to expose
the patellofemoral medial retinaculum and the joint cap-
sule. For Group 4, the wound was closed at this point. At
the insertion point of the femur, the medial retinacular
band and joint capsule were incised about 2 cm, then the
patella was pushed laterally to expose the femoral troch-
lea, and the later joint capsule and lateral retinaculum
were overlapped and sutured together (Fig. 2a). At last,
the incision was sutured.

Rabbits in Group 1 and Group 2 underwent patellar
reduction at 1 month after patellar dislocation surgery
via the original midline incision. The skin and soft tis-
sues were dissected to expose the patella and its medial,
lateral retinaculum. The lateral joint capsule and lateral
retinacular band were loosened, and the medial reti-
nacular band and joint capsule were sutured to reduce
the patella and maintained in the femoral trochlear
groove (Fig. 2b). As a control, in Group 3 and Group
4, the skin and subcutaneous tissue were incised and

Fig. 2 a At the insertion point of the femur, the medial retinacular
band and joint capsule were cut, and the lateral joint capsule and
lateral retinacular band were overlapped with two stitches. b The
lateral joint capsule and lateral retinacular band were loosened, and
the medial retinacular band and joint capsule were sutured to reduce

the patella and kept in the trochlear tract
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sutured. To avoid blood vessel and cartilage damage,
the procedures were performed carefully. After patellar
reduction, an intramuscular injection of nerve growth
factor (20 pg/day, 202103002, Wuhan Hiteck Biophar-
maceutical Co. Ltd., China) was initiated in Group 1 for
1 month, and intramuscular injection of normal saline
was used as a control in the other three groups. Half
of the rabbits were randomly selected from each of the
four groups at 1 month, and the others were randomly
selected for 3 months. SEPs and EMG were performed
for electrophysiological examination. Accordingly, the
rabbits were euthanized via a sodium pentobarbital
overdose, and then the patellar insertion of VL and VM
of the rabbits was removed for HE staining and immu-
nohistochemical staining. The rabbits were raised in the
same conditions. Each animal was housed in an indi-
vidual stainless steel (310 x 550 x 320 mm) cage, which
was sufficiently large, and the rabbits were allowed to
move freely post-surgery. Based on their gait, the rab-
bits walked unsteadily on their left limbs, and their
mobility was decreased slightly. Oral ciprofloxacin
(10 mg/kg) was administered as antibiotic prophylaxis
for the first 3 days post-surgery. The healing of the
wound was achieved Grade A after patellar dislocation
in rabbits.

Electrophysiological analysis

Electrophysiological changes were assessed by EMG
and SEPs at 1 and 3 months after patellar reduction.
First, for the EMG examination procedure, the head
and limbs were fixed after intravenous anesthesia with
ketamine (20 mg/kg) and xylazine (5 mg/kg). Rou-
tine disinfection was performed, and an original mid-
line incision was used to expose the VM and VL. The
recording electrode was placed in the belly of the VM,
and a reference electrode was inserted in front of the
knee joint. The bipolar electrode was placed at the
exit of the groin of the femoral nerve. The stimulation
parameters were constant, the wave width was 0.2 ms,
and the frequency was 1 HZ. EMG of VL was per-
formed in the same way. Then, SEPs were tested, and
the recording electrode was placed between the poste-
rior edge of the two orbitals and 0.3-0.4 cm from the
median sagittal line, which was the sensory area of the
hind limb. The reference electrode was placed at the
proximal insertions, and the electrode proximal to the
lower limb was earthed. The 20 V stimulation inten-
sity was constant with a unilateral wave stimulation
of 0.1 ms. This data measurement in the electrophysi-
ological analysis was carried out by one experienced
physician. The information was recorded in the micro-
computer operating system.
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Histopathological analysis

The VL and VM tissues were cut into 0.5-0.5 cm tissue
blocks, fixed with paraformaldehyde, dehydrated, and
embedded. Each tissue block was sliced along the long
axis of the specimen on a microtome with a thickness
of 10 um and an interval of 150 pm. Four discontinu-
ous sections were taken, two for HE staining and two for
immunofluorescence staining. HE staining was followed
by dewaxing, hematoxylin staining, dehydration, sealing,
and other steps to make HE slices. Afterward, immuno-
histochemical staining, dewaxing, antigen repair, per-
oxidase removal, and serum sealing were performed. The
primary antibody (5S100) and secondary antibody (biotin-
labeled goat anti-rabbit IgG) were removed, followed by
DAB staining, retention, and dehydration sealing. The
sections with HE staining and immunohistochemical
staining were analyzed and photographed by the same
observer under an optical microscope. The numbers of
proprioceptors were counted in per cross-sectional area
with a thickness of 10 um. The pathological observers did
not know which group each sample was from and were
blinded at the time of the evaluation.

Statistical analysis

The experimental data were expressed as the mean+ SD,
and SPSS 23.0 software was used for statistical analysis.
The Shapiro—Wilk (S-W) test was used for normal tests,
one-way ANOVA was used for comparisons between
groups, and an independent sample t test was used for
comparisons between different periods. P<0.05 was con-
sidered as statistically significant.

Results

Two rabbits died of diarrhea in 1 month after patellar
reduction surgery. Therefore, 58 rabbits were used for
electrophysiological and pathological tests. There were
no cases where patella reduced by itself after dislocation
surgery. There were no cases of patella dislocation after
reduction. Compared with Groups 1 and 2, the latency
periods were extended, and the amplitudes of SEPs and
EMG were decreased in Group 3 at 1 and 3 months after
patellar reduction, indicating that patellar reduction was
beneficial to electrophysiological rehabilitation. The SEPs
and EMG in Group 1 were not significantly different from
those in Group 4 at 3 months after patellar reduction
(all P values>0.05. EMG: amplitude of VM, P=0.144;
latency period of VM, P=0.083; amplitude of VL,
P=0.099; latency period of VL, P=0.059. SEPs: ampli-
tude, P=0.082; latency period, P=0.68). The amplitudes
at 3 months after patellar reduction were significantly
higher than those at 1 month in Group 1. Moreover, the
amplitudes were decreased, and the latency periods were
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extended for SEPs and EMG in Group 2 compared with
Group 1 at the same time point (all P values<0.05. EMG
(1 month): amplitude of VM, P=0.04; latency period of
VM, P=0.04; amplitude of VL, P=0.01; latency period
of VL, P=0.01. EMG (3 months): amplitude of VM,
P=0.00; latency period of VM, P=0.02; amplitude of VL,
P=0.00; latency period of VL, P=0.04. SEPs (1 month):
amplitude, P=0.03; latency period, P=0.02. SEPs
(3 months): amplitude, P=0.00; latency period, P=0.02)
(Figures 3 and 4). These results indicate that NGF can
effectively shorten the latency period and increase the
amplitude (Tables 1, 2; Figs. 5, 6, 7, 8).

The morphology of proprioceptors was recorded after
HE and immunofluorescence staining (Table 3; Figs. 9,
10, 11, 12, 13). The number of proprioceptors in Group
3 was significantly decreased compared with that in
Groups 1 and 2 at 1 and 3 months after patellar reduc-
tion. The morphology of proprioceptors was significantly
atrophied and deformed, indicating that patellar dislo-
cation could lead to proprioceptor dysplasia. In com-
parison with Group 2, the number of proprioceptors
in Group 1 was increased at both 1 and 3 months after
patellar dislocation, and the changes were significant (all
P values <0.05. 1 month: the number of VM propriocep-
tors, P=0.01; the number of VL proprioceptors, P=0.01.
3 months: the number of VM proprioceptors, P=0.00;
the number of VL proprioceptors, P=0.00). However,
the difference in proprioceptor numbers between Group
1 and Group 4 was not significant (all P values>0.05.
1 month: the number of VM proprioceptors, P=0.20;
the number of VL proprioceptors, P=0.09. 3 months: the
number of VM proprioceptors, P=0.31; the number of
VL proprioceptors, P=0.33), suggesting that NGF could
promote the regeneration of proprioceptors.

Discussion
The most important finding of this study was that patellar
dislocation could cause changes in the electrophysiology
and proprioceptors of VM and VL. Patellar reduction was
beneficial to the rehabilitation of VM and VL. Moreover,
NGF injection had a significant effect on the electro-
physiology and pathology of muscle. Most of the studies
on the restoration of knee proprioception focus on the
basis of physical rehabilitation exercise, but the effect is
not satisfactory. Although the biomechanical stability of
the patellofemoral joint is irreplaceable, more attention
is paid to proprioception and maintaining the dynamic
stability of the normal patellar trajectory. It has been
reported that proprioception is involved in the regula-
tion of motion by the human nervous system [17], which
is correlated with natural sensation of the knee joint [18].
Proprioception of the knee joint plays an important
clinical role in controlling joint stability, correcting body
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Fig. 4 VM SEPs images at 3 months after patella reduction. a Group
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posture, and maintaining body balance; proprioception
of the knee joint mainly comes from the muscles around
the joint [19]. Proprioceptive stress stimulation can make
the body respond to joint stress faster and reduce the
rate of joint wear and dislocation [20]. This study showed
that after patellar dislocation, the mechanical proprio-
ceptors of VM and VL were atrophied, deformed, and
decreased (Group 3 data in Table 3). Proprioceptors were
increased after patellar reduction (Group 1 and Group
2 data in Table 3). Mechanical stress is one of the most
important factors affecting growth [21]. It is considered
to be related to the loss of normal stress stimulation and
VM and VL activity after patellar dislocation in grow-
ing rabbits. Specific immunohistochemical staining and
microscopic observation of VM and VL in rabbits were
conducted in this study. The distribution, types, quantity,
and morphology of proprioceptors were then analyzed.
The results suggested that patellar dislocation should be
corrected as early as possible to minimize the occurrence
of secondary changes.

The purpose of patellar reduction surgery is to stabi-
lize the patella in the trochlear groove and strengthen the
tension of the VM. Smillie [22] referred to the VM as the
“key to the knee” to illustrate its importance in patellar
stabilization. SEPs and EMG have been widely accepted
as methods to detect the sensory state of knee joints in
animals [14]. Statistically significant differences in elec-
trophysiology and pathology in the reduction group and
patellar dislocation group were noted. The reason may
be that the flexion and extension of the quadriceps mus-
cle stimulate nerve proprioceptors. In contrast, the indi-
ces of Group 3 were worse at the age of 6 months than
at 4 months, highlighting the importance of maintaining
the normal patellar trajectory. Any changes in muscle
balance between the VM and VL can affect the patel-
lofemoral joint, whether congenital or posttraumatic,
depending on the severity of the disorder.

Proprioception is defined as the ability to perceive
sensory stimuli such as touch, pain, pressure, and
movement. Joint position sense and joint motion sense
are common proprioception senses that enable individ-
uals to accurately perceive joint position and motion.
Proprioception is reported to play an important role
in the regulation of the nervous system and motor
performance [23]. The effects of joint proprioceptive
information on motion control can be divided into
two categories [24]: first, the appropriate response of
the body to external environmental changes. Through
the central adjustment in joint motions to adapt to the
change in the external environment, for example, walk-
ing should be performed according to the road surface’s
situation to change the pace and direction. Although
most of the sensory information descendants are
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Table 1 Comparison among the four groups regarding the latency period and amplitude of EMG at different detection times

Index Group 1 Group 2 Group 3 Group 4
Latency Amplitude Latency Amplitude Latency Amplitude Latency Amplitude (mV)
period (ms) (mV) period (ms) (mV) period (ms) (mV) period (ms)

1 month

VM 1.15+007% 12234212 130+0.17% 10504£1.13%  15240.13Y 8124095 1.0440.12 15214147

VL 124+0.15% 14.89£1.19%  13240.14% 12994129%  1.4640.09% 9.1240.30% 1.07+0.12 16.184+1.45

3 months

VM 1.0540.16% 1433+£194%  12440.18% 1135+088%  1.6240.14Y 7124133V 09140.12 1541 +£144

VL 11140919 16294117 1314+021% 13.884£124% 1584094 8224036 094+0.16 17234131

a P<0.05 versus Group 2 in the same month; 8 P<0.05 versus Group 3 in the same month; y P<0.05 versus Group 4 in the same month; § P<0.05 versus 3 months in
the same group

Table 2 Comparison among the four groups regarding the latency period and amplitude of SEPs at different detection times

Index Group 1 Group 2 Group 3 Group 4
Latency Amplitude Latency Amplitude Latency Amplitude Latency Amplitude (nV)
period (ms) (uv) period (ms) (nv) period (ms) (nv) period (ms)

Tmonth  12.87+£081%%  215+0.10%°  1467+£140% 1944020  1667+136"  1.70£0.15 12.51+1.80 2404021
3months 1234+£079%  243+£0.13%®  1413+£140% 206+£0.18%  17274+136"  1.60£0.12 11.9941.85 2554022

a P<0.05 versus Group 2 in the same month; 8 P<0.05 versus Group 3 in the same month; y P<0.05 versus Group 4 in the same month; § P<0.05 versus 3 months in
the same group
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Fig. 5 Four groups regarding the latency period of EMG at different detection times. a P <0.05 versus Group 2 in the same month; 8 P<0.05 versus
Group 3 in the same month; y P<0.05 versus Group 4 in the same month; 6 P<0.05 versus 3 months in the same group

produced by the visual system and central nervous sys-  regulates skeletal and muscle activities, and proprio-
tem, body sensory information is accurate and fastest ceptive information contains the necessary joint posi-
and plays an irreplaceable role. Second, they participate  tion and strength information [25]. Proprioceptors, the
in the integration of higher orders in the sensorimotor  vestibule, and vision work together to control muscles.
center. In the process of movement, the motor center The control process of motion requires continuous
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sensory integration and information input by the pro-
prioceptors of muscles. The proprioceptor information
procedure may be interrupted when injury occurs; as
a result, the sensorimotor center cannot quickly and
accurately perceive the position, movement, muscle
force, and other information of the joint.

Surgical treatment of patellar dislocation has
achieved good clinical results. Patients may benefit
from prompt surgical intervention to repair soft tissue
injuries and restore patellar tracking, preventing fur-
ther redislocations [26]. In patients with patellar dislo-
cation, the mechanical stability of the knee joint must
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Fig. 8 Four groups regarding the amplitude of SEPs at different detection times. a P< 0.05 versus Group 2 in the same month; 8 P<0.05 versus
Group 3 in the same month; y P<0.05 versus Group 4 in the same month; § P<0.05 versus 3 months in the same group

Table 3 Comparison among the four groups regarding the
number of proprioceptors at different detection times

Index Group 1 Group 2 Group 3 Group 4

7 month

VM 1029+£125%0 81441225 6144122 11294189
VL 10574£127%8%  8574+127%  629+111° 1186+1.77
3 months

VM 12504120% 9714150 571+£138° 1325+167
VL 1275+149%  9864+135%  557+151%  13.60+1.60

a P<0.05 versus Group 2 in the same month; 8 P<0.05 versus Group 3 in the
same month; y P<0.05 versus Group 4 in the same month; § P<0.05 versus
3 months in the same group

be ensured, but attention should also be paid to joint
proprioception. Drug intervention is a hot research
topic in proprioception rehabilitation. NGF plays an
important role in proprioceptive repair [27]. Among
the members of the neurotrophic factor family, NGF
was the first to be discovered and is collectively known
as a neurotrophic factor [28]. As early as the 1950s,
R. Levi-Montalcini carried out pioneering studies on
laboratory animals and isolated cells, focusing on the
biological role of NGF [29]. These studies suggest that
NGF protects the survival of degraded or damaged
peripheral nerve cells and has a protective effect on the
regulation of neurotransmitter and neuropeptide syn-
thesis [30]. After muscle injury or degeneration, NGF

can reduce the expression of injury-induced transcrip-
tion Factor 3 and promote the reneutralization of target
organs [31], thereby protecting proprioceptive neurons.
Morphological and quantitative changes in proprio-
ceptors in the VM and VL were observed. The study
found that after surgical reduction, in the NGF-injected
group, the proprioceptors were different from those in
the group without NGF injection with small size and
partial structural loss, and the indices of SEPs and EMG
were statistically significant. Treatment with NGF was
beneficial to the rehabilitation of knee proprioception.
The dynamic position of the patella is dependent on
the vectors of VM and VL [6]. The proprioceptors of VM
and VL can collect information on joint movement and
position, which can be transmitted to the spinal cord and
brain through afferent nerves. The information is ana-
lyzed and integrated through the efferent nerve, and the
corresponding response is made to adjust the motion
and stability of the knee joint. Patellofemoral joint insta-
bility is mainly manifested by poor balance and coordi-
nation ability, significantly decreased spatial position
judgment ability, poor nerve reactivity, prolonged nerve
response to sudden torsional stress and electrical stimu-
lation, and weakened muscle strength [32]. After a first
episode of patellar dislocation, most patients presented
with soft tissue lesions [33]. Electrophysiological exami-
nation is an important means to monitor muscle balance.
Electrophysiological tests were performed on VM and
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Fig. 9 Four groups regarding the number of proprioceptors at different detection times. a P<0.05 versus Group 2 in the same month; 3 P<0.05
versus Group 3 in the same month; y P<0.05 versus Group 4 in the same month; § P<0.05 versus 3 months in the same group

47 ! { RO f 7 ‘
Fig. 10 Pathology of Group 1; the green arrow refers to the proprioceptors. The morphology was basically normal, and the membrane was dense
without obvious atrophied or deformed. a, b VM and VL (HE x 100) at 1 month after patella reduction; ¢, d VM and VL (immunofluorescence x 100)
at 1 month after patella reduction. e, f VM and VL (HE x 100) at 3 months after patella reduction; g, h VM and VL (immunofluorescence x 100) at

3 months after patella reduction

VL to demonstrate muscle imbalance in patellar disloca-  pressure generated by knee valgus angulations and VL,
tion and the effectiveness of patellar reduction. VM can  which is central to the stabilization of the patella [22].
prevent lateral dislocation of the patella by resisting the It is suggested that special attention should be given to
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Fig. 11 Pathology of Group 2; the green arrow refers to the proprioceptors. The proprioceptors were widened and arranged loosely, and
the outer thin-walled connective tissue sac changed irregularly. a, b VM and VL (HE x 100) at 1 month after patella reduction; ¢, d VM and VL

(immunofluorescence x 100) at 1 month after patella reduction. e, f VM and VL (HE x 100) at 3 months after patella reduction; g, h VM and VL
(immunofluorescence x 100) at 3 months after patella reduction
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Fig. 12 Pathology of Group 3; the green arrow refers to the proprioceptors. The proprioceptors were arranged in disorder and loose, the long axis
direction from parallel to irregular, atrophied, deformed, and cleavage. a, b VM and VL (HE x 100) at T month after patella reduction; ¢, d VM and

VL (immunofluorescence x 100) at 1 month after patella reduction. e, f VM and VL (HE x 100) at 3 months after patella reduction; g, h VM and VL
(immunofluorescence x 100) at 3 months after patella reduction
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Fig. 13 Pathology of Group 4; the green arrow refers to the proprioceptors. The proprioceptors were round or oval with regular shapes and smooth
edges. a, b VM and VL (HE x 100) at 1 month after patella reduction; ¢, d VM and VL (immunofluorescence x 100) at 1 month after patella reduction.
e, fVM and VL (HE x 100) at 3 months after patella reduction; g, h VM and VL (immunofluorescence x 100) at 3 months after patella reduction

functional exercise of the muscle after patellar disloca-
tion, and at the same time, drugs promoting propriocep-
tion rehabilitation can be used to facilitate its treatment.

This study demonstrated that functional instability and
mechanical instability were not distinct but related to
each other, and their joint persistent action ultimately led
to chronic instability of the joint. In this study, the pro-
prioception of the patellar dislocation model in growing
rabbits was significantly improved after surgical reduc-
tion. The results indicated that patellar reduction could
improve functional stability as well as mechanical stabil-
ity. Early reduction is conducive to the rehabilitation of
VM and VL muscle coordination and balance and is thus
conducive to the stability of the patella. Clinically, func-
tional instability should be considered as well as mechan-
ical stability in the treatment and rehabilitation of
patients with patellar dislocation, which causes not only
changes in skeletal tissue but also soft tissue imbalance.
An integrated treatment should be further investigated,
and attention should be given to electrophysiological
changes in muscles around the knee joint.

There were several limitations to this study. First, rab-
bit models have been widely used to study patellar dislo-
cation, but rabbit knees are bent and cannot be equated
to upright walking humans. Second, patellar disloca-
tion surgery was performed in rabbits at 2 months of
age, which mimics early patellar dislocation in humans
but does not completely coincide with the time point of

patellar dislocation in humans. In addition, the number
of rabbits in the experiment was relatively small, and
although it was enough to be statistically significant,
large numbers of animals would be better. Finally, the
integrated treatment of patellar dislocation needs to be
further studied.

Conclusions

Based on the outcomes of the study, we conclude that
patellar dislocation can lead to abnormal electrophysi-
ological and pathological effects on VM and VL in
growing rabbits. This study confirms that early reduc-
tion is necessary and NGF injection could improve
joint function rehabilitation by promoting the quality
and quantity of proprioceptors for patellar dislocation.
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