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Pediatric Population in Southern China
Clara On-Ki Lee1, Wai-Wang Chau2, Victor Illescas3, Bobby Kin-Wah Ng4

A b s t r ac t
Introduction: The aim of this study was to review the cases of pediatric fracture neck of femur (FNOF) in Hong Kong SAR, Southern China, from
1998 to 2017 and to study the experience in our locality and find out any specific pattern and any preventive measures to reduce this type of injury.
Materials and methods: Seventy-two teenagers who suffered from FNOF were recruited. Demographic characteristics, radiological and functional
outcomes, and trauma levels were collected and analyzed.
Results: Mean age at injury was 12.42 years. Garden’s classification was found in four cases (50%). The number of patients admitted in summer
was significantly higher than during winter (57.1% vs 42.9%, p = 0.04).
Conclusion: There was a higher incidence of FNOF in summer compared to winter. There was a change in major trauma incidence from highenergy to low-energy trauma over the 20 years. Patients with low-energy injury stayed shorter period in the hospital than those who sustained
high-energy injury.
Key messages
1. Majority of the patients who sustained FNOF are older children (>10 years old), and most were boys.
2. There is a seasonal pattern for the injury where summer is slightly predominant.
3. There is a changing dominance in injury mechanism from majority of high-energy to low-energy trauma over the 20 years.
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I n t r o d u c t i o n

1–4

Fracture neck of femur (FNOF) is a rare injury in pediatric population,
which accounts for less than 1% of all pediatric fractures.1,2 However,
it is associated with various significant complications due to
the vulnerable vascular supply to proximal femur in children.2–5
Complications include malunion, nonunion, coxa vara, and
avascular necrosis of femoral head being the most serious and
worrisome complication.2–10 It significantly affects the functional
outcome in this young population.
This study attributed the low incidence of fracture neck of
femur in pediatric population to the different anatomy in this
age-group.11,12 Children have higher bone density with thicker and
stronger periosteum.10 Most of them suffered from fracture neck of
femur, hence had sustained high-energy trauma such as road-traffic
accident or fall from height, and were more likely to be associated
with other soft tissue or bone injuries.5,13 However, it is observed
in our daily hospital setting that low-impact trauma has become
more commonly seen in recent years. Compared to 1990s that most
patients with fracture neck of femur usually sustained high-energy
trauma,14 there is a changing trend that patients suffered from this
fracture after slipped and fallen. Therefore, we would like to analyze
the changing trend on injury mechanism for fracture neck of femur.
A review article on the management of pediatric femoral neck
fracture in 2018 acknowledged that fractures at femoral head were
rare, but the long-term sequelae with potential disabling were
a very important issue for sufferers.15 Delbet’s classification was
the commonest classification system on prognosis and providing
treatment guidelines. Treatments were mainly achieving union
at fracture site to avoid osteonecrosis. Risk factors have yet to be
explored. A European study retrospectively reviewing high- and

low-trauma fracture patterns between 2010 and 2012 summarized
that high-trauma fracture increased the risk of future low-trauma
non-vertebral fractures; however, the subjects recruited in this study
were postmenopausal women and similarly aged men at an age
range of 54–70 years, leaving similar research particularly concerning
pediatric patients a very important topic.16 The results from another
retrospective analysis on mechanism of injury, associated injuries,
procedures, and subsequent follow-up on pediatric patients with
femoral shaft fractures over a 10-year period showed that 58% of
pediatric femur fractures were caused by low-energy trauma.17
An early retrospective study in 1999 reported 14 cases of fracture
neck of femur in patients under 16 years old in Hong Kong over a
10-year period.14 Since then, there is inadequate statistics on this
type of injury in our locality. The study showed that age of injury,
fracture type, and degree of displacement are significant factors
predicting the development of avascular necrosis.3–5,9,18–20 Fracture
patterns that displace more had worse outcome than those with
less displacement.21 Studying on the experience may help us have
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Twenty Years of Experience of Fracture Neck of Femur in Children
more understanding on this injury, identify any specific pattern of
it, and provide statistic evidence on any predictive factor on the
outcome after having fracture neck of femur.
The aim of this study was to review the cases of pediatric FNOF
in Hong Kong SAR, Southern China, from 1998 to 2017 and to study
the experience in our locality. This study aims to find out any specific
pattern and any preventive measures to reduce this type of injury.

M at e r ia l s

and

M e t h o d s

This is a retrospective cohort study carried out in a local hospital
in Hong Kong SAR, Southern China. Hospital admission records
were searched retrospectively using CDMARS system for the list of
patients admitted to pediatric ward. Ethical approval was obtained
from the local ethics review board (ethics approval number:
2018.329). All patients were aged under 18 years and fractured and
operated on between 1986 and 2016, and those who suffered from
FNOF were included. The treatment methods included fixation
in situ, closed reduction internal fixation with decompression
by aspiration or X-rays-guided scissor capsulotomy and open
reduction internal fixation. Fractured patients after surgery were
followed up with X-rays and MRI at 6 weeks, 6 and 12 months for
the assessment of AVN. Exclusion criteria included pathological
fractures such as osteogenesis imperfecta, cerebral palsy, and other
congenital disorders.
In each patient record, age of injury, sex, and injury mechanism
were retrieved. Injury mechanism is classified as low-energy injury
and high-energy injury. Low-energy injury is, by definition, that
no trauma or minimal trauma occurred, such as fall from ground
level. Fall from height (>3 m) and motorized vehicle injuries were
defined as high-energy injury. Furthermore, date of admission
and date of discharge, fracture pattern including side of fracture,
seasonal pattern, Garden’s classification, and Delbet’s classification
were reviewed.
“Winter” referred to December to April, and May to November
was defined as “Summer.” Outcomes including functional outcomes
and radiological outcomes after suffering the injury were also
reviewed. Data analysis was performed using IBM SPSS 25.0
(Armonk, New York). A two-sided p value ≤0.05 was considered
statistically significant.

R e s u lts
Eighty patients who suffered from FNOF from 1998 to 2017 were
recruited in this study. Eight patients were excluded owing to
pathological fracture or other congenital disorders, making the final
number of patients to be 72. Baseline demographic characteristics,
surgical details, radiographic and functional outcomes, and
comparisons between patients who suffered from low-energy
and high-energy trauma were analyzed for all 72 patients. Further
analysis followed by stratifying the database into two groups, by the
year of admission: (1) year 1998–2007 and (2) year 2008–2017. The
reason for dividing the database was that we spotted an obvious
change in the injury mechanism from high-energy trauma to lowenergy trauma starting from the year 2008. There were 40 and 32
patients who suffered from FNOF between 1998 and 2007, and
between 2008 and 2017, respectively.
Overall mean age at injury was 12.42 years, of which 8 (11.1%)
were under 10 years old and 64 (88.9%) were above 10 years old
(Table 1). Mean age at injury from 1998–2007 and 2008–2017 was

Table 1: Demographic characteristics of the 72 patients
Demographic variables
Sex
Male
Female
Side
Left
Right
Unknown
Year of admission
1998–2007
2008–2017
Injury mechanism
Fall from height
Fall on ground level
Fall, NOS
Others
Road-traffic accident
Fracture pattern (garden)
I
II
IV
Unknown
Fracture pattern (Pauwels)
II
III
Unknown

n (%)
49 (68.1)
23 (31.9)
7 (77.8)
2 (22.2)
63
40 (55.6)
32 (44.4)
11 (15.3)
41 (56.9)
4 (5.6)
5 (6.9)
8 (11.1)
4 (50.0)
2 (25.0)
2 (25.0)
64
1 (50.0)
1 (50.0)
70

NOS, not otherwise specific

both 12.4 years old (1998–2007: 12.40 ± 2.76, 2008–2017: 12.44 ±
2.88). 49 cases (68.1%) were male, and 23 cases (31.9%) were female.
Ten cases (13.9%) had associated injury; orthopedics-related
injuries include fracture humerus shaft (1 case), fracture ulnar shaft
(1 case), fracture olecranon (1 case), posterior dislocation of elbow
(1 case), fracture cuboid (1 case), femoral shaft fracture (2 cases),
fracture tibial shaft (1 case), bimalleolar fracture (1 case), and
fracture calcaneus (1 case). Other non-orthopedics-related injuries
include open wound of scalp (2 cases), pneumothorax (1 case), lung
contusion (1 case), kidney laceration (1 case), and concussion with
deep coma (1 case).
Nine patients were discharged from the hospital after surgery,
and detailed data on CMS were reviewed. Seven of them (77.8%)
had fracture left NOF, and 2 of them (22.2%) had fracture right NOF.
According to Garden’s classification, four cases (50%) had type
I fracture, two cases (25%) had type II fracture, two cases (25%)
had type IV fracture, and the remaining one case had no available
radiological film for review. According to Delbet’s classification,
1 case (2%) had type I fracture, 41 cases (61%) had type II fracture,
10 cases (15%) had type III fracture, 7 cases (10%) had type IV
fracture, and the remaining patients had no available radiological
film for review.
As for the injury mechanism, it was classified into low-energy
injury and high-energy injury as defined (Table 2). In 1998–2007,
21 (60%) patients sustained low-energy injury, while 14 (40%) had
high-energy trauma (p < 0.01). In 2008–2017, 24 (82.8%) patients
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Table 2: Classification of injury mechanism (low- and high-energy trauma) by causes of fractures under the two periods
1998–2007
Causes of fractures
Fall from height
Fall on ground level
Fall on ground level,
suspected
RTA

Low energy
0
18 (85.7)
3 (14.3)
0

High energy
8 (57.1)
0
0

2008–2017
p value
<0.01

6 (42.9)

Low energy
0
23 (95.8)
1 (4.2)
0

High energy
3 (60.0)
0
0

p value
<0.01

2 (40.0)

RTA, road-traffic accident

Table 3: Comparisons of surgical details, treatment outcomes, and periods between important dates between patients suffered from low- or
high-energy trauma in the two periods
1998–2007
Variables
Operation duration
(minute)
Blood aspirated (mL)
Length of stay (days)
Days between OT and
admission
Days between hospital
discharge and OT
Days between hospital
discharge and admission
Days between latest
follow-up and discharge

Low energy
56.67 ± 10.41

2008–2017

High energy
–

p value
–

Low energy
46.67 ± 12.58

High energy
81.50 ± 79.90

–
24.79 ± 33.28
16.46 ± 7.91

–
0.336
0.184

99.00 ± 0.00
8.76 ± 6.02
22.32 ± 45.65

12.50 ± 10.61
25.71 ± 20.70
11.29 ± 8.56

0.534
0.648
0.001

8.00 ± 4.58

–

–

18.00 ± 9.90

17.00 ± 0.00

0.948

9.00 ± 5.66

–

–

136.50 ± 157.68

17.00 ± 0.00

0.647

1441.00 ± 1192.31 –

–

9.00 ± 1.41
15.57 ± 12.70
12.35 ± 8.85

2047.67 ± 1042.49 1188.50 ± 28.99

p value
0.001

0.350

OT, operation

sustained low-energy injury, while 5 (17.2%) sustained high-energy
trauma (p < 0.01).
Length of hospital stay and radiological outcomes in patients
undergoing low-energy and high-energy trauma were assessed.
In 1998–2007, the mean length of stay for those with low-energy
injury was 15.57 days, while the length of stay for those with
high-energy injury was 24.79 (p = 0.336) (Table 3). In 2008–2017,
the mean length of stay for those with low-energy injury was 8.76
days, while the length of stay for those with high-energy injury
was 25.71 (p = 0.648).
Radiological outcome between low-energy trauma and highenergy trauma patients was compared. No evidence of avascular
necrosis on X-ray and MRI was observed (Table 4). In 2009–2017, one
case who suffered from low-energy injury had mild collapse of femoral
head on X-ray, two had evidence of avascular necrosis of left hip on
MRI, and one had evidence of avascular necrosis of right hip on MRI.
Forty cases (57.1%) were admitted during summer time (May–
November), and 30 cases (42.9%) were admitted during winter time
(December–April) (Table 5). Over the study period, percentages of
bone fractures caused by road-traffic accident were reported in
summer only (summer vs winter: 21.1% vs 0%). On the other side,
in winter, the fracture percentage caused by falling from height
was much higher than in summer (28.0% vs 10.5%) (overall p =
0.04) (Table 6).

D i s c u s s i o n
Majority of the patients who sustained FNOF were older children
or teenagers (>10 years old), and most of them were boys. Older
patients tended to be more commonly suffered from this injury,
28

which could be due to the difference in anatomy in children.11,12 They
have higher bone density with thicker and stronger periosteum.
Predominant type of FNOF observed was type I according to
Garden’s classification, which is incomplete fracture with minimal
displacement. According to Delbet’s classification, most of the
patients had type II fracture, which is transcervical fracture.
There was a higher incidence of FNOF in summer time
compared to winter time. This could be related to the activity
level of children. It was believed that the incidence of pediatrics
fracture is higher in summer time because of the summer vacation
and unsupervised physical activity.22 However, one recent study
showed that there may be a changing pattern in seasonal variation
of pediatrics fracture.23 It showed a bimodal pattern with similar
nadirs in summer time and winter time, with possible reasons of
sedentary lifestyle in children nowadays. To draw conclusion on the
incidence of pediatric FNOF and seasonal variation in our locality,
we may need further details for analysis.
There is a changing dominance in injury mechanism over the
20 years where there was increasing proportion of patients who
suffered from low-energy trauma. In 1998–2007, 60% of them
sustained low-energy injury, while 40% had high-energy trauma.
In 2008–2017, majority of them sustained low-energy injury (82.8%),
while only 17.2% sustained high-energy trauma. Our observations
were similar to those of Caldwell et al., of which 58% of pediatric
femur fractures were low-energy trauma.17 One of the underlying
causes of the changing dominance could be the change in patients’
bone mineral density across the 20 years. Two patients with FNOF
secondary to trip and fall had low bone density on DEXA score. One
was −1.71, while the other was −2.16 at L2-L4 and −2.55 at femur. It
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Table 4: Comparisons of X-ray findings, MRI findings, and revision surgery required between patients who suffered from low- or high-energy
trauma in the two periods
1998–2007
Low energy
X-ray
No sign of AVN
Mild collapse of femoral
head
Unknown
MRI
AVN of left hip
AVN of right hip
No evidence of AVN
Unknown
Need of revision
Early removal of screw
with core decompression
Removal of screw
Screw to right proximal
femur (change of screw)
Unknown

3 (13.0)
0

High energy
0
0

20 (87.0)

14 (100.0)

0
0
3 (13.0)
20 (87.0)

0
0
0
14 (100.0)

0

0

0
0

0
0

23 (100.0)

2008–2017
p value
0.275

0.275

–

14 (100.0)

Low energy

High energy

p value

2 (8.0)
1 (4.0)

2 (28.6)
0

0.315

22 (88.0)

5 (71.4)

2 (13.5)
1 (3.70)
0
23 (88.89)

0
0
1 (14.3)
5 (85.7)

0.086

1 (4.0)

0

0.264

0
1 (4.0)

1 (14.3)
0

23 (92.0)

6 85.7)

AVN, avascular necrosis

Table 6: Reported and defined injury mechanisms happened in winter
and summer

Table 5: Reported fracture cases between 1998 and 2017
Month
January
February
March
April
May
June
July
August
September
October
November
December
Total

Winter
5 (16.7)
5 (16.7)
5 (16.7)
8 (26.7)
–
–
–
–
–
–
–
7 (23.3)
30

Summer
–
–
–
–
4 (10.0)
4 (10.0)
6 (15.0)
7 (17.5)
6 (15.0)
5 (12.5)
8 (20.0)
–
40

Season
Injury mechanism
Fall from height
Fall on ground level
Fall from unknown
height
Road-traffic accident

was stated that osteoporosis in children is often underdiagnosed. A
study reviewed that in children who sustained two or more fractures
without serious trauma, most were osteoporotic or osteopenic in
their hips or bones.22 The poor bone quality in children may cause
them to sustain hip fracture without significant injury. One of the
patients was also recorded to have a low BMI of 12.9, which is less
than 5% and defined as underweight. This could also account for
the low-energy injury causing FNOF. Further study could be done
to establish the relationship between low bone density and low
BMI with FNOF.
As for the outcome of FNOF, the length of stay in the hospital
for those with low-energy injury was less than that for those who
sustained high-energy injury. Also, patients who sustained lowenergy injury in 2008–2017 stayed for a shorter period of time
in the hospital than those in 1998–2007. This could be caused by
the advancement in surgery in recent years. Nowadays patients

Winter
7 (28.0)
17 (68.0)
1 (4.0)
0

Summer
4 (10.5)
23 (60.5)
3 (7.9)

p value
0.04

8 (21.1)

presented with FNOF are treated by closed reduction internal
fixation of femur with needle capsulotomy. Advancement in surgery
could promote the healing progress for the patient, leading to
shorter length of hospitalization.
However, for the radiological outcomes, the impact of injury
mechanism on avascular necrosis was inconclusive. Cases reported
to have avascular necrosis were those with low-energy injury.
It was believed that the rate of avascular necrosis is directly
related to the initial degree of displacement. 24 Early and accurate
reduction and fixation also contributes to the prevention of this
complication. When reviewing the details of data of our patients,
there is no definite conclusion on factors affecting the risk of
avascular necrosis and injury mechanism may not be associated
with it. In a 12-year-old girl with low-energy injury and undisplaced
fracture, closed reduction internal fixation with capsulotomy
was done within 10 hours after admission. Follow-up imaging
showed that she had type II avascular necrosis on MRI scan. In
another 14-year-old girl who sustained high-energy injury with
undisplaced fracture, closed reduction and hip screw with joint
aspiration was done. She remains asymptomatic and developed
no avascular necrosis postoperatively. It is observed that the
complication can occur even in undisplaced fracture. Treatment
method might be more determinant on the prevention of
complication.
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Limitations
There are limited cases and data to further study the risk factors for
avascular necrosis. A part of the hospital data were highly restricted
and could not be accessed due to data security issues (e.g., side
of fracture, fracture pattern, X-ray and MRI results on follow-up).
Some of the data could not be retrieved or collected due to the
retrospective nature of this study.

C o n c lu s i o n
Majority of the patients who sustained FNOF are older children
(>10 years old), and most were boys. There is a seasonal pattern for
the injury where the summer time is slightly predominant. There
is a changing dominance in the injury mechanism from majority
of high-energy to low-energy trauma over the 20 years. Factors
influencing the increasing rate of low-energy trauma have yet to
be explored.
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