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Abstract:

Purpose: The purpose of this study was to determine the level of
agreement between radiology and surgery in children with upper
limb fractures at Moi Teaching and Referral Hospital (MTRH).

Materials and Methods: A cross-sectional study was conducted on
children presenting with upper limb fractures at the paediatric
and orthopaedic emergency departments of Moi Teaching and
Referral Hospital Eldoret, Kenya. A total of 148 children were
recruited by consecutive sampling between July 2019 and July
2020. Radiographs conducted at Moi Teaching and Referral
Hospital were reviewed and used to make diagnosis. In addition,
diagnoses made by the surgery team were recorded for each
child. Descriptive statistics were used to provide a summary of
the data obtained. Continuous data was summarized using
measures of central tendency (mean and median) and measures
of dispersion (standard deviation and interquartile range). The
Cohen’s Kappa statistic was used to assess the level of agreement
of diagnostic findings between radiology and surgery.

Results: The study participants were predominantly male
(68.9%), had a mean age of 7 (SD=3.2) years of which majority
(54.7%) were aged 5-9 years. Falls were the major injury
mechanism accounting for 90.5% of the injuries while the
accidents and cuts cumulatively accounted for less than 10% of
the injuries. The most common fracture types were transverse by
radiography (54.1%) compared to surgery (52.7%) and oblique
fractures at 29.7% by radiography and 32.4% by surgery.
Segmented fractures were reported in 5.4% of the study
participants by surgery and in 1.4% by radiography while green-
stick, spiral and comminuted fracture types were the least
observed. Fractures of the supracondylar humerus were the most
common by both radiography (69.4%) and surgery (67.6%). The
second most observed fractures were phalanx at 8.8% by both
radiography and surgery. The level of agreement between
radiography and surgery was 95.5% with the Cohen’s Kappa
statistic showing an almost perfect level of agreement (k=0.921,
p-value<0.001).

Unique contribution to theory, practice and policy: Radiography is
essential in the accurate diagnosis of paediatric fractures, and its
continued use is of great value in patients’ management.

Key words: Radiographic Findings, Surgical Findings, Upper
limb Fractures, Moi Teaching and Referral Hospital (MTRH)

I. INTRODUCTION

Published reports have indicated that fractures are a
common occurrence in childhood traumatic events with
considerable variations in the incidence rate from 1.2% to 5%
among different studies (Elbaih et al., 2016). In this
population, upper-extremity fractures account for more than
half of the reported bony injuries whereby the frequency of
these injuries increases with increasing mobility. The most
common mechanism is a fall on an outstretched hand while
playing (Arora et al., 2014).

There are certain types of fractures which can easily be
missed during patient assessment in the initial radiological
reports (Wei et al., 2006). In a systematic review, Wei et al.,
(2006) reported an overall prevalence of 3.7% of missed
fractures whereby the most common locations were foot
(7.6%), followed by the knee (6.3%), elbow (6.0%), hand
(5.4%), wrist (4.1%), hip (3.9%), ankle (2.8%), and shoulder
(1.9%). Similarly, Adams (2020) stated that fractures which
are easily subject to misinterpretation are those that occur on
the elbows, hands, wrists and shoulders.

Gyftopoulos et al., (2014) identified that radiographs from a
number of upper extremities injuries can easily be
misinterpreted of which sternoclavicular dislocation and
posterior shoulder dislocation jointly accounted for 79% of
the misread findings. In addition, the authors stated that
scapular fractures, greater tuberosity fractures, radial head
fractures, coronoid process fractures, Galeazzi and Monteggia
fracture-dislocations,  scaphoid  fracture,  scapholunate
instability, peri lunate dislocation and hook of hamate fracture
accounted for 21% of the fractures that were misdiagnosed.
Such instances of missed fractures have been linked to long
term complications for the patient (Gyftopoulos et al., 2014).

Radiographs play a major role in patient evaluation for upper
extremity trauma cases alongside clinical history and physical
examination. Radiographs are especially helpful for the
patient who is difficult to examine, providing information
crucial to identifying the underlying pathologic abnormality
and help direct management (Gyftopoulos et al., 2014).
Dating to as far back as 1949, missed injuries in diagnostic
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radiology have been reported with Garlands pioneering
articles. Subsequent studies conducted in various settings have
reported missed error rates of 3.5-4% in daily practice where
there is mixture of abnormal and normal cases (Donald &
Barnard, 2012).

Statement of the Problem

Globally, it is estimated that fractures constitute between 10%
and 25% of musculoskeletal injuries in children which occur
more frequently in the upper compared to the lower extremity.
Fractures on the distal radius are the most frequent and
together with fracture of metacarpals and phalanges
cumulatively account for up to 50% of all fractures (Arora et
al., 2014). In Europe, it is estimated that fractures in the upper
limbs account for 68% of fractures in children, with the
forearm accounting for 27 to 45% of those and 23 to 35.8%
observed in the distal region (Mark et al., 2018). In Africa,
fractures due to trauma in children are less common than
infections, infestations and malnutrition. However, childhood
traumas are estimated to account for about 7.5% mortality rate
in the continent (Andronikou et al., 2011).

Despite the reported low rates of childhood fractures, missed
fractures are more common in paediatric than adult traumatic
patients (George & Bixby, 2019). The proportion of missed
fractures in children varies with age with younger children
reporting higher incidences (George & Bixby, 2019; Mark et
al., 2018; Mattijssen-Horstink et al., 2020). It is estimated that
plain radiographs miss about 10-20% of childhood fractures
and this proportion is higher in cross-sectional imaging
(Kaewlai & Abujudeh, 2012). In addition, limited
technological and human resource radiological capacity in
Africa is a major contributing factor to missed fractures
(Andronikou et al., 2011; Guifo et al., 2017; Kaewlai &
Abujudeh, 2012). Such limitations play a critical role in the
paucity of data reported from Africa and specifically Kenya
on missed fractures among childhood traumatic cases
observed in different hospitals.

Il. METHODOLOGY

A cross-sectional descriptive study was conducted on children
presenting with upper limb fractures at the paediatric and
Orthopaedic emergency departments of MTRH. A total of 148
children were recruited by consecutive sampling between July
2019 and July 2020. Rdiographs conducted at Moi Teaching
and Referral Hospital were reviewed and used to make
diagnosis. In addition, diagnoses made by the surgery team
were recorded for each child. Descriptive statistics were used
to provide a summary of the data obtained. Continuous data
was summarized using measures of central tendency (mean
and median) and measures of dispersion (standard deviation
and interquartile range). The Cohen’s Kappa statistic was used
to assess the level of agreement of diagnostic findings
between radiology and surgery.
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I1l. RESULTS

In this study a total of 148 children aged 1-14 years were
recruited of which 101 (68.2%) were males while 46 (31.1%)
were females. About 83% of the participants were of school
going age while 28 (18.9%) were not enrolled in any school.
A total of 107 (72.3%) of the study participants were in
secondary schools, 7(4.7%) and 6 (4.1%) were at kindergarten
and secondary levels respectively. The mean age of the study
participants was 7.05 (SD £3.16) years while the median age
was 7 years (IQR: 5- 9). The study participants had a mean
weight of 22.7 Kgs (SD: +7.8) and a median weight of 21.4
kgs (IQR:17.0-27.0). Majority of the fractures (54.7%)
occurred in the 5-9 years age group. In table 1 below, a
summary of these demographic characteristics is presented
while figures 1 and 2 are histograms showing the distribution
of the age and weight values of the study participants.

Table 1. Demographic Characteristics

Summary Statistics

Age Mean (SD) 7.05 (3.16)
Median [IQR] 7.00 [5, 9]

Age category <=1 year 33 (22.3%)
5-9 years 81 (54.7%)

10-14 years 34 (23.0%)

Gender Male 102 (68.9%)
Female 46 (31.1%)

Education Level None 28 (18.9%)
Kindergarten 6 (4.1%)

Primary 107 (72.3%)
Secondary 7 (4.7%)

Weight Mean (SD) 22.7 (7.81)

Median [IQR] 21.4117.0,27.0]

Histogram of patients’ ages

Age (years)

FFigure 1: Histogram of the age distribution of study participants
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Histogram of patients' weight measurements

5

Figure 2: Histogram of the weight distribution of study participants

0
Weight (Kgs)

Clinical Findings

The mean Systolic Blood Pressure (SBP) was 123 (17)
mm/Hg and 125 (£12) mm/Hg among male and female
participants respectively with an overall mean SBP of 123
(x15.8) mm/Hg. The mean Diastolic Blood Pressure (DBP)
values were 70.8(13.4), 77.8 (x15.4) and 72.5 (x14.0) among
males, female and overall, respectively. However, BP
measures were not well captured from the participants
whereby about 78% of the study participants did not have BP
readings recorded. The overall mean pulse rate was 109
(x22.2) beats/minute among the study participants, 107
(¥21.2) and 113 (x24.7) among male and female participants
respectively. In addition, the mean respiratory rate was 22.7
(x4.7) among all participants and when stratified by age the
mean values were 22.4 (+4.42) among males and 23.4 (5.2)
among females. Temperature values were collected in about
95% of the participants and an overall mean temperature of
36.8[1 Celsius was reported. These summary statistics are
presented in the table below.

Table Il. Blood Pressure Findings

Table I11. Additional Clinical Findings
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Male Female Overall
(n=102) (n=46) (n=148)
SBP
Mean (SD) 123 (17.0) | 125(12.1) | 123(15.8)
Median [Q1, | 124[109, | 120 [117, 123 [113,
Q3] 130] 133] 131]
ﬁf’ag‘;g:l': 77 (75.5%) | 38(82.6%) | 115 (77.7%)
DBP
Mean (SD) | 70.8(13.4) | 77.8(154) | 725 (14.0)
Median [Q1, | 72.0[60.0, | 76.5[695, | 72.0[60.0,
Q3] 82.0] 86.0] 82.0]
ﬁfagf‘g;': 77 (755%) | 38(82.6%) | 115 (77.7%)

Male Female Overal
(n=102) (n=46) (n=148)
Pulse
Rate
Mean (SD) 107 (21.2) (zlﬁ) 109 (22.2)
Median [Q1, 110 [102, [iég 111 [102,
Q3] 118] 128] 120]
No certain 16
diagnosis 18 (17.6%) (34.8%) 34 (23.0%)
Respirat
ory rate
Mean (SD) | 22.4 (4.42) (ggl'g) 22.7 (4.66)
Median [Q1, | 22.0[200, ég'g 22,0 [20.0,
Q3] 24.0] 54.0] 24.0]
No certain o 14 o
diagnosis 23 (22.5%) (30.4%) 37/(25.0%)
Tempera
ture
Mean (SD) 36.8 (0.511) 36';§0'3 36.8 (0.483)
Median [Q1, | 36.9[36.5, égi 36.8 [36.5,
Q3] 37.1] 37.0] 37.0]
No certain o o o
diagnosis 4 (3.9%) 3(6.5%) | 7 (4.7%)

Fracture Characteristics

In table 3 below the frequencies and percentages of the
fracture characteristics are presented. Among all the 148
children recruited in this study, falls accounted for the
majority of the fractures at 90% of the children and when
stratified by gender at 90.2% among males and 91.3% among
females. Fractures due to cuts and accidents were relatively
low compared to those due to falls. Across gender and overall,
cuts had <7% occurrence while only about 2% of the fractures
were due to accidents among the study participants.

In the study sample, a majority 121 (81.8%) of the fractures
were observed on the humerus and such a high proportion was
consistently seen across gender in 85(83.3%) of the male
participants and 36 (78.3%) of the females. This was followed
by fractures on the radius and phalanx/finger/thumb which
were observed in 13 (8.8%) and 12 (8.1%) of the study
participants respectively.

The distribution of open/closed fractures was fairly
symmetrical at [1 50% in each category and this symmetry was
also observed when stratified by gender. In addition, only 2
(1.4%) of all the study participants, all of whom were males,
reported previous occurrence of fracture(s) other than the ones
observed in this study. In general, transverse fractures were
the most observed fractures which were observed in
80(54.1%) of the study participants, 51(50.0%) and 29
(63.0%) of the male and female participants respectively.
Oblique fractures were the second most reported types of
fractures. In total 44 (29.7%) of the study participants, 29
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(28.4%) and 15 (32.6%) of male and female participants
respectively had oblique fractures. Cumulatively, green-stick,
spiral, comminuted and segmented fractures formed less than

7% of the fractures observed in this study.

Table IV. Fracture Characteristics
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Fracture type by Radiology and Surgery

Both Radiography and surgery identified transverse fractures
as the most commonly observed fracture type with
proportions of 54.1% and 52.7% respectively. Oblique
fractures were the second most observed fractures by
radiography (29.7%) and surgery (32.4%). On the other hand,

Male Female Overal . . .
green-stick, spiral, comminuted and segmented fracture types
_ (N=102) | (N=46) | (N=148) were each observed in less than 6% of the 148 cases at
Injury MTRH. These results are presented in table 4 below.
Mechanism
Accident 2 (2.0%) 1 (2.2%) 3 (2.0%) Table VI. Frequency Table of Fracture Types
Cut 7 (6.9%) 2 (4.3%) 9 (6.1%) Radiography Surgery
42 134 _ _
Fall 92 (90.2%) ©013%) | (90.5%) N=148 N=148
i 0, 0,
Nd?a;ﬁr(g: 1(1.0%) 1(2.2%) 2 (1.4%) Transverse 80 (54.1%) 78 (52.7%)
Anatomical Oblique 44 (29.7%) 48 (32.4%)
Site Green-stick 3 (2.0%) 2 (1.4%)
Clavicle 1 (1.0%) 0 (0%) 1 (0.7%) Spiral 5 (3.4%) 5 (3.4%)
36 121
Humerus | 85(83.3%) | (75300 | (81.89%) Comminuted 3 (2.0%) 2 (1.4%)
Phalanx/fin 0 0 12 Segmented 2 (1.4% 5 (5.4%
ger/thumb 9 (8.8%) 3 (6.5%) (8.1%) g (1.4%) (5.4%)
No certain diagnosis 11 (7.4% 8 (5.4%
Radius 7(69%) | 6(13.0%) (81830/0) g (7.4%) (5.4%)
i Table VII. Radiological Findings of Fractures
ﬁf’ certain |5 (nop) 122%) | 1(0.7%) 9 g
1agnosis
Male Female Overall
Table V. Types of Fractures
(N=102) (N=46) (N=148)
Male Female Overal Clavicle fracture 1 (1.0%) 0 (0%) 1 (0.7%)
[
OpenéC ose Condyle fracture 0 (0%) 1(2.2%) 1(0.7%)
Open 52 (51.0%) (5028%) 75 (50.7%) Distal radius fracture 1 (1.0%) 2 (4.3%) 3(2.0%)
23 Epicondyle fracture 4 (3.9%) 1(2.2%) 5 (3.4%)
Closed 50 (49.0%) 50.0% 73 (49.3%)
(50.0%) Humerus fracture 8 (7.8%) 3 (6.5%) 11 (7.4%)
i : Metacarpal fracture 0 (0%) 1(2.2%) 1 (0.7%)
istory o
Fracture Yes 2 (2.0%) 0 (0%) 2 (1.4%) Proximal phalanx fracture 9 (8.8%) 4 (8.7%) 13 (8.8%)
No 100 (98.0%) (9742%) 145 (98.0%) Radius and Ulna fracture 6(59%) | 4(87%) | 10(6.8%)
No certain Supracondylar humerus 102
diagnosis 0 (0.0%) 1 (2.2%) 1(0.7%) fracture 72(70.6%) | 30(65.2%) | (g g0p)
No certain diagnosis 1 (1.0%) 0 (0%) 1 (0.7%)
Fracture . . L.
Type Radiological Findings
Green-stick 2 (2.0%) 0 (0%) 2 (1.4%) The leading radiological diagnosis among the observed
Transverse | 51 (50.0%) 63280/ 80 (54.1%) children was supracon_dylar fract_ure which was observe(_j on
(63.0%) 102 (68.9%) of the children. This was followed by proximal
Spiral 4 (3.9%) 1(2.2%) 5 (3.4%) phalanx fractures (8.8%), humerus fractures (7.4%) and
Oblique 29 (28.4%) (3212%) 44 (29.7%) fractures on the radius and ulna (6.8%) as shown in table 5
Comrgmute 1 (L0%) 1(2.2%) 2 (1.4%) Surgical Findings of upper arm fractures
Segmented 1 (1.0%) 0 (0%) 1(0.7%) The Orthopaedic surgeons’ reports showed that the
7 supracondylar fractures were the most commonly observed
Nocertain | 14 137000 | 0(00%) | 14(9.5%) . .
diagnosis fractures on 100 (67.6%) of the children. In descending order,

proximal phalanx fractures (8.8%), radial and ulna (6.8%) and
humerus fractures (6.8%) subsequently followed as shown in
table 6:
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Table VIII. Surgical Findings of Fractures

Male Female Overall
(N=101) (N=46) (N=148)
Clavicle fracture 1 (1.0%) 0 (0%) 1(0.7%)
Condyle fracture 1 (1.0%) 3(6.5%) 4 (2.7%)
Distal radius fracture 1 (1.0%) 2 (4.3%) 3 (2.0%)
Epicondyle fracture 4 (4.0%) 1(2.2%) 5 (3.4%)
Humerus fracture 7 (6.9%) 3(6.5%) 10 (6.8%)
Metacarpal fracture 0 (0%) 1 (2.2%) 1 (0.7%)
Proximal phalanx 0 o o
fracture 9 (8.9%) 4 (8.7%) 13 (8.8%)
Radius and Ulna 0 o 0 Figure 5: This is antero-posterior and lateral radiography of the left elbow of
fracture 6 (5.9%) 4 @7%) 10 (6.8%) a boy of 12 years old showing supracondylar fracture with dislocation.
Supracondylar 0 o o
humerus fracture 71 (70.3%) 28 (60.9%) 100 (67.6%)
No certain diagnosis 1 (1.0%) 0 (0%) 1(0.7%)

There was a high sense of agreement on the diagnosis made
by radiography and surgery. Specifically, radiography and
surgery made the same diagnostic conclusion by radiography
and surgery on 142 (95.9%) of the children yet only 6 (4.1%)
had different diagnosis. Further analysis using Cohen’s
Kappa showed an almost perfect level of agreement between
radiographic and surgical findings (k=0.921, p-value<0.001).

Sample radiological findings

In this section, a sample of radiological findings is presented.

Figure 6: This AP and lateral views radiography of the left elbow of a boy 12
years old, post reduction and surgery for supracondylar fracture right
humerus.

Figure 3: This is a left Lateral elbow radiography of a 10 years old, a boy
with olecranon line of fracture.

Avulsion fracture of medial Condyle of the humerus was
found during surgery.

Figure 4: Left AP elbow radiography

(continuation figure 4.8.1). Figure 7: This an AP and lateral radiography of the left index finger of a boy
of 10 years old, with fracture of middle phalanx of index finger.
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Figure 8: This is an AP and lateral radiography of the left elbow of the
female of 13 years old, with supracondylar fracture of left humerus.

Figure 9: Colle’s fracture

Figure 10: This is a left lateral radiography of ring finger of a 12 years old
male postero-anterior and lateral ring and little finger of the left hand: noted
proximal phalanx fracture of the ring finger with dislocation.

International Journal of Research and Innovation in Social Science (IJRISS) |Volume VI, Issue Il, February 2022 |ISSN 2454-6186

1VV. CONCLUSIONS AND RECOMMENDATIONS
Conclusions

1. Majority of upper limb paediatric fractures, identified
by radiology and surgery, were observed on the
supracondylar followed by proximal phalanx

2. The major fracture type was transverse followed by
oblique type.

3. There was a high level of agreement between
radiological and orthopaedic surgical findings in the
diagnosis of upper limb fractures in children.

Recommendations

Radiography is essential in the accurate diagnosis of
paediatric fractures, and its continued use is of great value in
patient management.
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