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ABSTRACT

Growth plate injury is one of the most significant sequelae that affect the animal and man
life in adulthood. This condition considered as one of the real problem encountered by many
orthopedics which can result in the formation of a bony bridge leading ultimately to limb
length discrepancy and angular deformity of the long bones in kid animals. The objective of
this study was to evaluate the deformities of the tibial length and angle radiographically
after experimentally inducing growth plate injury. Five local breed kit rabbits included in
this study, had body weight and age ranges of 500 to 1100 g and 6 to12 weeks, respectively.
The animals were exposed to approximately 5x5x1 mm injury in the proximal tibial growth
plate (type-III to IV classification. A radiological follow up at 1st, 2nd, 3rd and 4th week post
inducing injury was made for possible evaluation of growth plate injury and calculate the
length discrepancy of tibial and angular deformity by the end of the study. The radiological
results revealed that bony bridge formation was clearly seen by 3rd and 4th weeks post
induction. Furthermore, there were significant differences (P<0.05) in the length
discrepancy of tibia started by 2nd week (P= 0.0175) and its angular deformity by 3rd week
(P=0.0111) of the affected tibia limb and contralateral limb of the same animal up to the end
of the study. In conclusion, the current study indicated that the formation of a bony bridge
is aradiological sign of the damaged growth plate that ultimately leads to length discrepancy
and angular deformity.
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The incidence of growth plate injures and damage is

INTRODUCTION

he growth plate (physis line) is primarily composed

of hyaline cartilage in immature animals and can be
recognized radiographically as a radiolucent line which is
situated between the epiphyseal and metaphyseal bones
(1). All long bones have a growth plate that is defined as an
area of specialized cartilage at both ends where bone
formation and elongation take place. Therefore, the process
of endochondral ossification which is the result of tightly
controlled chondrocyte proliferation, maturation and
extracellular matrix alterations is the process that gives rise
to the elongation of long bones within the growth plate (2,
3).
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higher than other parts of the skeletal system due to its
fragility and the lack of innervation and vascularization,
which restricts their natural ability to repair after damage
(4, 5). About 18 to 30% of pediatric injuries involve the
growth plate, resulting in physeal fractures, which account
for about 33% of pediatric injuries is causing bone
formation instead leading to generating a bony bridge (6-
11). The bony bridge (bony bar) could interrupt the normal
growing of the plate leading to serious issues, such as length
discrepancy and angular deformity (12-14). Growth plate
injuries (type III and type 1V), based on Salter’s
classification, are frequently represented by structural
disorganization creating vertical septa and forming bony
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bridges (15-17). According to (18), the bony bridge acts as
a septum stopping specific growth plate areas exposed to
injury from expanding. Growth arrest occurs in more
severe damage, whereas shortening of affected bone can
occur in partial damage leading to angular deformity as
sequelae (19).

The musculoskeletal system is highly examined using
two views radiographically for identifying its normal and
pathological features (20-29). The most accurate view to
judge the formation of the bony bridge is the anterio-
posterior view which shows a radiopaque appearance of
the bony bridge at the site of the injured growth plate (30-
34). The evaluation of the shortening of bone and degree of
its angulation is a critical points for orthopedic after growth
plate injury so the objective of this study was to evaluate
the length discrepancy and angular deformity of the injured
growth plate of the tibia radiographically using previously
defect dimensions.

MATERIALS AND METHODS
Ethical Approval

Ethical approval was granted according to the local
committee of care and use of the animal in research at the
College of Veterinary Medicine, University of Baghdad (P-
G/2558 at 19/11/2023) before starting this study.

Animals

Five local breed kit rabbits (white New Zealand and
Curious Dutch apparently healthy were included in this
study, with a body weight between 500 and 1100 g and age
range 6-12 weeks. The purpose of using immature animal
(kit rabbit) to have existed growth plate as it is ossified by
4-6 months according to (9). For proper calculation of the
kit rabbit age, their mothers were housed in a private
animal home before their parturition time so that accurate
determination could be obtained. All the kits were put
under ventilated and regulated temperature (25°C)
conditions and 12 h dark room with fresh vegetable (carrot,
lettuce) and both of hay and grass feeding (Alfalfa) during
entire experiment.

Anesthetic Protocol

The animals were exposed to general anesthesia by an
intramuscular injection of xylazine hydrochloride (2%) ata
dose of (5 mg/kg) then ten minutes later, i.m. injection of
(10%) ketamine hydrochloride at a dose of (35 mg/kg) was
administered (35, 36).

Surgical Procedure

An aseptic procedure was used to prepare the left limb
then a three cm anterio-medial longitudinal incision was
made. The growth plate was easily recognized as a white
line then by radiograph. According to (37), a 1 mm diameter
of the drill bit was oriented in right direction to the growth
plate and parallel to the joint to create a defect of about
5x5x1 mm (width, depth and length, respectively) (Figure
1A, B). During and after drilling, normal saline was injected
via the drill track to cool the material and remove it.
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Following routine closure, antibiotics and analgesics were
administered for three and two days respectively (38).
Finally the stitches were removed 7-10 days post-surgery.

Figure 1. Represents the area of the defect of growth plate (A), 5Smm
length and (B) 1mm width

Examination of the Limb Radiologically

Radiological evaluation was achieved weekly up to the
fourth week post-surgery using anterio-posterior view
[(Eco Ray) x-ray machine (Korea)]. Image] software (1.47v
with Java 1.8.0-201) was considered for determining the
length discrepancy and angular deformity of the affected
limb (left limb) and compared with the normal one (right
limb) of the same animal within the total number of the
animal of the study.

Figure 2. shows an anterio-posterior view radiograph
representing the way of calculating the tibial length (L),
which is the length measured at 50% of the whole
width between the proximal tibial plateau and the
tibial distal growth plate while, represents the angle
which passes along the entire plateau and the length of
the limb (A)
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The measurement of tibial length was calculated as the
distance at 50% of the total width between the proximal
tibial plateau and the tibial distal growth plate and the tibial
angle between the leg length measurement and the average
angle over the whole plateau were calculated by Image]
software (1.47v with Java 1.8.0-201) (Figure 2).

Statistical Analysis

Graphpad Prism 5 (for windows-Version 5.03.
December 10, 2009) was considered for analysis data of
this study using normal descriptive tests including mean,
standard deviation and range) in addition to t-test (paired
test) at the level of P<0.05.

RESULTS AND DISCUSSION

The angular deformity and length discrepancy of
affected limb caused by the bony bridge between
metaphysis and epiphysis is one of the big problems
encountered by many orthopedics.

Based on Xian et al. (16) and Yu et al. (37), the degree of
this study defect (5x5x1 mm) is classified as Salter’s types
III and 1V, and for this reason, leaving the defect without
treatment is suspected leads to formation of bony bridge as
both of epiphysis and metaphysis areas are affected and
this agreed with (16) that showed that growth plate injuries
of salter’s type III and type IV often induce bone bridge
formation at the injury site. Furthermore, the bony bridge
is occurred by others in less degree Salter’s classification
(type-II) but associated with other factors like osteoporosis
(39). Leaving the defects of growth plate leads to bony
tethering of the epiphyseal and metaphyseal bones that
may restrict local growth and can result in angular
deformities or limb length discrepancies (40).

Radiographical images of the affected limb revealed
slight reaction representing by missing the sharpness signs
of the bone edges of metaphyseal and epiphyseal ones. The
latter led to representing cloudy edges within the proximal
tibial growth plate which is located medially when it was
examined radiographically at the anterio-posterior view
(Figure 3A) started at the first week and become clearer by
the second week radiological examination. By the 3rd week
a bony bridge started to be existed clearly in the present
study which converted the defect to radiopaque bar (bony
bridge). The above agreed with (40) who found that the
bony bridge formation started at 3 weeks post-surgery
after inducing hole drilling defect at growth plate of rabbit
without adding any material. On the other hand others
found that the formation of bony bridge is started earlier by
the second week post inducing the defect and left without
adding any materials (32) which may be due to the duration
of forming bony bridge. In contrary others showed that the
formation of bony bridge expanded up to the 4th week post
inducing the defect which is believed to be occurred after
less damage of the growth plate and surrounding bony
tissue (33).

A funstrated growth plate of a proximal tibia in dog or
rat had a radiopaque appeance by two weeks post inducing
the defect with no effect on the other part of growth plate
(41, 42). The differences among the variable period range
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are possibly correlated to the defect size of the growth plate
and the degree of metaphysis and epiphysis damage may be
correlated

Figure 3. shows anterio-posterior view radiograph representing the shape
of the growth plate at first week post-inducing defect showing cloudy
defect at the medial aspect of the proximal tibial growth plate (A), second
weeks with narrowing of the growth plate area (B), third weeks represents
formation bony bridge (C) and fourth weeks represents complete closure
of growth plate defect with bony bridge (D)

When the result of the affected limb (left tibia)
compared to the normal limb (right tibia) of each individual
of the total number of animals of this experiment which
were examined radiographically for their length
discrepancy, significant differences were started to be seen
at the second week post-inducing defect (p=0.2569, 0.0175,
0.0413, and 0.0484 for first, second, third, and fourth weeks
respectively) (Figures 4 and 5) were seen between them.
Length discrepancy of affected limb was increased in
comparison to contralateral limb of same animal by 4th
week. The latter agreed with (43-45) who showed that the
shortening of the affected limb is well identified by the
fourth week post inducing defect when it was left without
any treatment.

Not only, the limb length, but also the angulation of the
same affected limb was shown to be more acute angle in
comparison to normal one of the same individual. It was
well recognized statistically in which significant differences
(P=0.1009,0.0589,0.0111, and 0.0101 for the first, second,
third, and fourth weeks respectively) (Figures 4 and 6). The
latter was in agreement with others (43) who, found that
the angular deformity increased at second week post-
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surgery at group not treated with fat or chondrocyte. Since which is supported by others (44, 45) that not filled growth
the Angular deformity started from the 3rd week post plate defect with extracellular matrix (ECM) scaffold leads
inducing, the deformation increased by the 4th weeks to angular deformity and shortening the affected limb.

A-P VIEW A-P VIEW

Figure 4. shows anterio-posterior view radiograph of the hind limbs
during the whole study. (A) a week post-surgery, (B) two weeks post-
surgery, (C) three weeks post-surgery, and (D) four weeks post-surgery
with sign of bony bridge formation at the growth

(A) P= 0.2569 (B) P=0.0175
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Figure 5. shows box and whiskered vertical graph (with min-max values) representing the tibial length
during the whole study (A: One week, B: Two weeks, C: Three weeks and D: Four weeks) with significant
differences between affected and control limbs of the same individuals animals. Note: (LTL= left tibial
length) and (RTL= right tibial length)
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Figure 6. represents box and whiskered vertical graph (with min-max values) showing the angle of the
affected limb (LTA=left tibial angle) in comparison to normal limb (RTA=right tibial angle) with
significant differences between both affected and control limb of the individual animals. A: one week
post-surgery, B: two weeks post-surgery, C: three weeks post-surgery and D: four weeks post-surgery

In conclusion, the current study indicated that the bony
bridge is definite results for the large growth plate injury
leading to length discrepancy and angular deformity as
sequelae if left without treatment.
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