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Abstract

Objective: Physeal injuries in childhood may produce irreversible damage to the growing cells, resulting in
growth disturbance. The aim of this study is compare conventional radiography and magnetic resonance imaging
(MRI) in the assessment of distal radius epiphyseal and physeal injury.

Methods: 31 cases with distal radius trauma were examined with conventional radiography and MRI. One blinded
experienced radiologists and one blinded experienced specialist in orthopedics separately evaluated the results.
Results: The main age of our patient was 11.74+2.98 years. The results of MRI showed 90.32% injury in all
patients whiles conventional radiography showed 64.51% injuries (P=0.014). In survey the physeal injury by
conventional radiography we have 6 Salter—Harris 11 fractures. Meanwhile, the MRI showed 9 physeal injuries
that included 6 Salter—Harris Il fracture and 3 other fracture with physeal injury (all of them had distal radius
microfracture with mild physeal injury) (P>0.05). In patients that conventional radiography showed they were
normally, MRI showed 4 Bone Bruising and 4 microfracture. The other results were similar. The sensitivity,
specificity, Positive predictive value, negative predictive value and total accuracy of conventional radiography in
diagnosis of physeal injury were 66.6%, 100%, 100%, 88%, 90.32%.

Conclusion: our study showed MRI and conventional radiography had almost similar power to diagnosis growth
plate injuries in distal radius trauma. When we considering high cost of MRI, it’s seems that conventional
radiography was beneficial than MRI to use in distal radius injury.
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Introduction

Physeal and epiphysis are two areas that responsible radius injury and physeal distal tibia injury,

for skeletal growth. Cartilaginous structures of these
areas provide bone formation and Elongation (1).
Several pathologic conditions can effect on
premature skeletal of young patients and induce
complication such as growth disturbance, shortening
of the extremities, bony bridge formation, and
angular deformities (2). The primary reason for
physeal trauma in children is acute traumatic
conditions which in most cases it causes fractures.
Other conditions which have an effect on physeal are
repetitive stress traumas, infections, metabolic
diseases, thermal damage, and radiation (3). Distal

respectively, are the first and second most common
cause of growth palate injuries (4). Physeal distal
injury can sometimes cause growth disturbance of
physeal and following that it can cause disturbance
in bony bridge formation which lead to angular
deformity or length discrepancy of the legs (5).
These permanent traumas can be caused due to the
trauma itself or the inadequate treatment. Different
mechanisms were recognized for the growth plate
injury as a result of trauma which are related to the
injury type and the injury occurrence after growth
plate trauma (4). As mentioned before, long bone
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growth abnormalities in children usually occur as a
result of trauma or it is possible for it to occur as a
result of physis, epiphysis or the metaphysis
ischemia (5). Radiography provide logical
evaluation of the epiphysis fractures and it is
considered as a primary method for evaluating the
condition of patients (6), but we should consider the
fact that other methods of imaging will be needed
based on their privileges. As an example, CT scan is
an appropriate method for evaluating if joint
surfaces are aligned and it is adequate for diagnosing
bony bridge, whereas MRI has some other kinds of
privileges, such as diagnosing covert fractures and
better understanding the extent of fracture, it also
has the privilege of depicting associated disorders
such as ligamentous lesions (5). MRI imaging has
been very helpful for growth abnormalities and this
kind of imaging accurately depict growth
cartilaginous plate pathology and epiphysis; it also
could be used for young children who are at high risk
of growth disorders (5, 7). It is worthy to notify that
MRI cannot accurately depict cortical lesions (8).
Therefore, based on these information and the lack
of studies for comparing advantages and
disadvantages of utilizing conventional radiography
as the standard method (6) and MRI, we conducted
this study to compare the MRI and conventional
radiography in diagnosis of distal radius injury in
growth age.

Methods

The nature of this survey is of a diagnostic study.
This study was carried out at orthopedic section of
Imam’s hospital in Sari city (Mazandaran province,
Iran).. According to the related statistic formula and
by considering 0.05% error, and 80% power, about
30 patients (9) with age between 7 to 16 years old
were selected for this study; the patients, who are
assumed to have distal radius injury, were selected
based on the results of clinical examination. After
patients gave their approval and agreed to take part
in the study, their demographic information was
recorded and they were examined by a specialist. In
order to evaluate the radiography of patients 3
planes were chosen: lateral, posteroanterior, and
oblique (10). MRI was performed in 1.5 Tesla by
using a 3 inch wraparound coil. The imaging
Protocol consists of a short tau inversion recovery
(STIR) sequence (TR/TE, 3912/60; inversion time,
150 msec; acquisition time, 4 min 18 sec), T1-
weighted spin-echo sequences (TR/TE, 500/20;
acquisition time, 4 min 51 sec) in the coronal and
axial planes, and a T2-weighted turbo spin-echo
sequence (TR/TE, 3500/96; acquisition time 4 min
6 sec) in the axial plane. The view field was arranged
between 10 to 12 centimeters (11, 12). These
assessments were performed exactly after the
physical examination and the patients’ consent.

Then, the results of these assessments were observed
by an expert radiologist and orthopedic specialist,
and it was recorded in each patient’s data forms.
Data analysis

The difference in percentages (quality variables)
was analyzed by the chi-square test. Mean
difference was estimated by student’s t-test and the
data analysis was performed by SPSS version 16
software, statistically, P value<0.05 was considered
meaningful.

Result

The number of patients who were examined in this
study was 31, 18 of them were boys (58.1%). Mean
age of patients was 11.74 + 2.98 years (median=12).
In this study, conventional radiography on the
patients showed 11 normal cases, 6 Salter—Harris 11
fractures and 5 distal radius metaphysis torus
fractures. Further information about other cases is
available in table 1

Table 1.Radiographic finding in conventional
radiography and MRI

Radiography reports Conventional MRI
Normal 11 (35.5%) 3
Salter-Harris type |1 6 (19.4%) 6
Metaphysis torus fractures of 5 (16.1%) 5
distal radius (16.1%)
Metaphysis fracture of distal 4 (12.9%) 4
radius (12.9%)
Distal radius microfracture 0 4
(12.9%)
Bone bruising 0 4
(12.9%)
Metaphysis fracture of distal 2 (6.5%) 2
radius and ulna (6.5%)
Torus fracture of distal radius 2 (6.5%) 2
and ulna (6.5%)
Radial styloid fracture 1 (3.2%) 1

MRI on these patients showed 3 normal cases, 6
Salter—Harris Il fractures and 5 distal radius
metaphysis torus fractures, 4 distal radius
metaphysis fractures, 4 distal radius microfractures,
and 4 distal radius bone bruising. Further
information about other cases is available in table 1.
In addition, in 2 of the patients with distal radius
torus fracture and one patient with distal radius
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microfracture, distal radius bone bruising was also
observed.

In this survey, in 90.32% of patients, MRI showed
injury and fracture very clearly. While, conventional
radiography was able to show the fracture only in
64.51% of patients (P=0.014).

Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and the
overall accuracy of conventional radiography on
based of MRI in diagnosing distal radius injuries
were 71.42%, 100%, 100%, 27.27% and 74.19%,
respectively (table 2).

Table 2. Diagnostic power of conventional
radiography on base of MRI in distal radius injury

Distal Sensitivity | specificity | PPV NPV OA
radius
injury
Overall 71.42% 100% 100% | 27.27% | 74.19%
injury
Physial 66.66% 100% 100% | 88% 90.32%
injury

PPV; Positive Predictive Value, NPV; Negative
Predictive Value, OA; Overall Accuracy

MRI showed physeal injuries in 9 patients (29%).
Among these 9 patients, 6 of them had Salter—Harris
Il fractures (Figure 1). Among the other 3 remained
patients, all of them had distal radius microfracture
with mild physeal injury. The first 6 lesions
(19.35%) were observed in both MRI and
conventional radiography, but the other 3 patients
only observed by MRI (P=0>0.05).

The sensitivity, specificity, PPV, NPV and the
overall accuracy of conventional radiography to
diagnosing growth plate injuries in distal radius
were 66.6%, 100%, 100%, 88% and 90.32%,
respectively (table 2).

http://www.intjmi.com

: -" v N WL
Figure 1. Salter-Harris type Il fracture of distal
radus. Frontal radiogragh (A), TIW (B), T2W (C),
T2 Fat Sat (D) MRI images.

Discussion

Physeal and epiphyseal injury of developing long
bones is one of the most common traumatic events
in children which is associated with many growth
abnormalities. The reason for this is that
ligamentous structures and joint capsule are 2 or 5
time stronger than cartilage and therefore, physis
and epiphysis are the areas which are most
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susceptible to injury (11, 13). If the diagnosis is
delayed or the treatment is not appropriate, it could
lead to premature closure of the physis. The result of
this event would be angular deformity or shortening
of the extremities (11). Determining the fracture
pattern and diagnosing physis conflict is possible
according to fracture line in the conventional
radiography. But, conventional radiography has so
much limitation for determining the degree of physis
injuries, treatment planning and the final prognosis.
However, it has been proven that MRI can depict
cartilage abnormalities in rabbit and human (11, 14).
Therefore, this study was designed to assess the
diagnostic power of MRI and the conventional
radiography (which is used routinely) to diagnosis
of distal radius injury before skeletal puberty age.
In this survey, MRI in 90.32% of patients showed
injury and fracture very clearly. While, conventional
radiography was able to show the injury and fracture
only in 64.51% of patients, a significant statistical
difference was observed between these two means
in diagnosing lesions. Griffith et.al conducted study
on patients who had elbow injury, ranging from 2 to
12 years old. In their study, radiography and MRI
was able to identify the fracture in 52% and 74% of
patients, respectively (15).

The result of conventional radiography on patients
in this study were somehow similar to the results of
their MRI; conventional radiography showed 6
Salter—Harris 11 fractures. While the results of MRI
showed that three other patients, who had physeal
injury too; the conventional radiography was not
able to diagnose the physeal injury in these three
patients. However, no statically significant
difference was observed between MRI and
conventional radiography to show phuseal injury. In
the study of Shi et al. about 5 of the patients had
physeal injury which all of them were belonged to
the Salter — Harris classification. In their study both
MRI and conventional radiography depicted 2
Salter-Harris Il fractures and 3 Salter-Harris IV
fracture. Also in Griffith 3 patients had physeal
injury which 2 of them had Salter-Harris | fracture
and one of them had Salter-Harris 11 fracture (15).
In this study 4 of the patients had distal radius
microfracture and 4 of them had distal radius bone
bruising. The important fact is that, conventional

radiography was not able to diagnose the existence
of microfractures and bone bruising. As mentioned
before, MRI revealed that 4 of the patients (12.9%)
had bone bruising, while in Zimmemann et al. study
it was announced to be 50% (16).

Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and the
overall accuracy of conventional radiography based
on MRI in diagnosing distal radius injuries with

conventional radiography showed the following
results: sensitivity 71.42%, specificity 100%, PPV
100%, NPV 27.27% and overall accuracy 74.19%.

| our study sensitivity of conventional radiography
was lower than Welling et al. study. In their study,
sensitivity of conventional radiography for
diagnosing distal radius fracture reported to be
100% (10). It should be mentioned that in their study
sensitivity was measured based on CT. There exist
no other study about the sensitivity and specificity
of conventional radiography for distal radius
injuries. However, there exist some reports about the
sensitivity and  specificity of conventional
radiography for elbow Scaphoid area. According to
these reports conventional radiography for the
elbow area was as following: sensitivity 71%,
specificity 56%, PPV 57%, NPV 93%; conventional
radiography for Scaphoid area: sensitivity 70%,
specificity 90% (15, 17). In addition, for other kinds
of fractures (except Scaphoid area), Jargsholm et al.
declared that conventional radiography in
tenderness of distal radius and wrist, has shown 60%
of sensitivity (17).

In Griffith et al. sensitivity, specificity, PPV, NPV
of conventional radiography for diagnosing physeal
of elbow area were reported 33%, 100%, 96%, and
100% respectively (15). Except of sensitivity, other
results of their study was comparable with this
present study.

Conclusion: Our study showed MRI and
conventional radiography had almost similar power
to diagnosis growth plate injuries in distal radius
trauma. When we considering high cost of MR, it’s
seems conventional radiography was beneficial than
MRI to use in distal radius trauma.
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