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ABSTRACT
INTRODUCTION: This is a systematic review of existing lit

erature on the diagnostic modalities and treatment of trau
matic abdominal wall hernia caused by bicycle handlebar in
jury in children.
METHODS: A systematic literature search was conducted
covering incidents involving children below 17 years of age.
Data were extracted regarding gender, age, diagnostic mo
dality, timing of surgery, location of hernia, associated in
juries, management and recurrence of hernia.
RESULTS: A total of 62 cases of handlebar hernia were in
cluded in the systematic review. CT scan was the most fre
quently used final diagnostic modality (52%) followed by
ultrasonography (13%), explorative laparotomy (5%) and di
agnostic laparoscopy (5%). Coexisting intraabdominal inju
ries were present in 57% of all hernias located in the upper
abdomen. Open surgical repair was the preferred treatment
of choice (85%). Laparoscopic suturing was performed in
one study. Six cases of handlebar hernia were treated con
servatively. No cases of recurrence of hernia were reported
in any of the cases.
CONCLUSIONS: Traumatic abdominal wall hernia can be
visualized by ultrasonography, but CT scan is often used as
the final diagnostic modality because of the risk of associ
ated intra-abdominal injuries. Open surgical repair in layers
or laparoscopic suturing during diagnostic laparoscopy may
be appropriate in managing traumatic abdominal wall her
nias in children. Non-surgical management has been de
scribed, but available data do not support a general recom
mendation for a non-surgical approach.

Abdominal trauma among children accounts for approx
imately 5% of all admissions to paediatric emergency
departments [1]. These admissions include bicycle acci
dents where a fall can cause a collision between the ab
domen and the bike stem, or, as in 70% of the cases,
the end of the handlebar [2]. Besides the risk of lesions
to internal abdominal organs, a traumatic abdominal
wall hernia can be formed. Due to a higher elasticity of
the skin compared with abdominal fascia and muscle,
collision of a bicycle handlebar with the abdomen can
cause rupture of the fascia without causing a skin le
sion, thus producing a traumatic hernia. This is often re
ferred to as “handlebar hernia”. It is a rare injury that
may result in prolonged pain and risk of bowel strangu

lation if the condition is not diagnosed and treated
timely.
The aim of this review was to evaluate the diagnos
tic modalities and treatment of bicycle handlebar hernia
based on reported evidence. We provide a systematic
review of the existing literature on bicycle handlebar in
juries in children below 17 years of age.
METHODS
The reports were reviewed as recommended by the Pre
ferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guideline [3]. A systematic lit
erature search was conducted in PubMed, Embase,
CINAHL and the Cochrane Library Database in Septem
ber 2017. The search term “Handlebar Hernia” was
used. In PubMed, no search filters were applied to en
sure that no studies were overlooked. A similar search
term and method was used in Embase, CINAHL and the
Cochrane Library Database. All studies were screened by
title and abstract. Duplicates, irrelevant topics and nonEnglish articles were excluded. The remaining studies
were read in full, including the references to identify
additional relevant studies (Figure 1). All studies pre
senting cases of traumatic abdominal wall hernia caused
by bicycle handlebar in children below 17 years of age
were included, regardless of study design. Data on study
information (authors and year of publication) and study
results (gender, age, diagnostic modality, timing of sur
gery, location of hernia, associated injuries, manage
ment, and recurrence of hernia) were extracted from
the available studies [1, 2, 4-46]. The results of the in
cluded studies were presented to provide an overview

KEY POINTS
Traumatic abdominal wall hernia caused by handlebar injuries most
often occurs in adolescent boys
CT is preferable for evaluation of the risk of intraabdominal injuries.
Ultrasonography can be used when no suspicion of intraabdominal dam
age exists
Associated intra-abdominal injuries are more frequent in upper abdom
inal hernias
Open surgical repair with sutured closure of all layers or laparoscopic su
turing is recommended for managing these injuries
A non-surgical approach has been carried out with success in few cases,
but available data do not support a general recommendation for nonsurgical management.
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of the reported cases followed by a discussion of the re
ported diagnostic modalities and treatment options for
bicycle handlebar hernia in children.
RESULTS
The systematic literature search identified 47 reports in
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cluding a total of 62 cases of handlebar hernia with the
first reported case dating back to 1964 (Table 1). The
median age was 11 years (range: 4-15 years) with a
male-to-female ratio of approximately 9:1. The suspicion
of traumatic abdominal wall hernia often arises during
the clinical-anamnestic exam performed in patients hav
ing suffered a blunt abdominal trauma [34]. The typical
clinical presentation of traumatic abdominal wall hernia
may include a hyperaemic area, bruising and ecchymosis
of the abdominal wall with a fluctuating bulge under the
skin.
A characteristic ring-shaped “handlebar sign” is
often present on the skin and may be used as a prognos
tic sign of internal injuries. One study found that 45% of
the patients with life-threatening intra-abdominal in
juries had the “handlebar sign” on the abdominal wall
[23]. The present review found that 100% of the hernias
in the right upper quadrant and 40% in the left upper
quadrant had associated intra-abdominal injuries,
whereas only 21% in the left lower quadrant and 23% in
the right lower quadrant had intra-abdominal injuries
(Figure 2). Overall, associated intra-abdominal injuries
were reported in 26% of the cases. CT, being used as a
final diagnostic modality in 52% of the cases, was the
most common diagnostic modality. In 15% of the cases,
a diagnosis was given based solely on the physical exam
ination. Ultrasonography was used in the diagnostic pro
cess in 26% of the cases, but was used as the final diag
nostic modality only in 13% of the cases.
Open surgical repair of the handlebar hernia was
the treatment of choice in 85% of the cases. Laparo
scopic suturing was used in one study [30]. In two cases,
hernia was found during the initial explorative laparot
omy for intestinal perforation and subsequently man
aged by internal repair without a separate skin incision
[23]. Mesh was used only in one of the reported cases
[14]. Almost two thirds (66%) of the patients who were
treated with surgical repair had surgery immediately
after presentation (Figure 3). There was no reported re
currence of hernia in any of the cases.
A total of six cases of traumatic abdominal wall her
nia were treated conservatively (non-surgically) [20, 22,
23, 38, 46]. In all six cases, only local tenderness or pain
was present on the site where the hernia protruded. The
location of hernia was heterogeneously distributed in
the left lower quadrant, the right lower quadrant and
the left upper quadrant. In order to achieve the diagno
sis, a CT was reported to have been used in five out of
the six cases. Sizes of the fascia defects were described
in three cases and measured 1-4 cm. In all six cases, no
concurrent intra-abdominal injuries were present on in
vestigation. An abdominal compression corset was used
in two of the cases. In three cases, the defects in the
abdominal wall were resolved completely within four
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TABLE 1
Reference

Sex: n

Age, yrs

Final diagnostic modality

Timing of surgery

Location of hernia

Associated
injuries

Management

Roberts, 1964 [47]

M: 1 F: 0

9

Physical exam

Immediate

LLQ

None

Open surgical repair

Maunola & Kekomaki, 1965 [48] M: 0 F: 1

9

Physical exam

Immediate

LLQ

None

Open surgical repair

Herbert & Turner, 1973 [4]

M: 1 F: 0

7

X-ray

+ 3 wks

LLQ

None

Open surgical repair

Dreyfuss et al, 1986 [5]

M: 1 F: 0

11

X-ray

Immediate

Umbilical region/
rectus abdominus

None

Open surgical repair

Peters et al, 1988 [6]

M: 1 F: 0

9

CT scan

Immediate

Umbilical region/
rectus abdominus

Tear in proximal jejunum
and mesentery

Open surgical repair

Mitchiner, 1990 [7]

M: 1 F: 0

7

CT scan

Immediate

LUQ

None

Open surgical repair

Damschen et al, 1994 [8]

M: 1 F: 0

5

Physical exam

Immediate

RLQ

None

Open surgical repair

Kubalak, 1994 [9]

M: 1 F: 0

8

Physical exam

+ 1 day

RLQ

Appendectomy

Open surgical repair

Iuchtman et al, 1997 [10]

M: 1 F: 0

7

US

+ 2 days

RLQ

None

Open surgical repair

Perez et al, 1998 [11]

M: 1 F: 0

11

Physical exam

Immediate

LLQ

None

Open surgical repair

Kubota et al, 1999 [12]

M: 1 F: 0

9

CT scan

Immediate

RLQ

None

Open surgical repair

Fraser et al, 2002 [13]

M: 1 F: 0

11

US

+ 1 day

RLQ

None

Open surgical repair

Mancel & Aslam, 2003 [14]

M: 1 F: 0

7

US

Immediate

LLQ

None

Open surgical repair +
mesh

Goliath et al, 2004 [15]

M: 1 F: 0

11

CT scan

Immediate

RLQ

None

Open surgical repair

Prada Arias et al, 2004 [16]

M: 1 F: 1

10, 6

US

+ 1 day, + 10 days

RLQ

None (n = 2)

Open surgical repair
(n = 2)

Immediate

Chen et al, 2005 [17]

M: 1 F: 0

9

CT scan

Iinuma et al, 2005 [18]

M: 1 F: 0

8

X-ray + CT scan + diagnostic + 1 day
laparoscopy

RLQ

None

Open surgical repair

RLQ

Appendectomy

Open surgical repair

Matsuo et al, 2007 [20]

M: 1 F: 0

9

CT scan

-

LLQ

None

Conservative

Haimovici et al, 2007 [19]

M: 1 F: 0

15

CT scan

Immediate

Umbilical region/
rectus abdominus

Incarcerated small bowel

Open surgical repair

Mezhir et al, 2007 [21]

M: 1 F: 0

7

CT scan

Immediate

LUQ

Splenic injury, left renal in
jury, hemoperitoneum

Open surgical repair
Conservative

Litton et al, 2008 [22]

M: 1 F: 0

13

CT scan

-

RLQ

None

Narci et al, 2008 [1]

M: 1 F: 0

12

US + X-ray + CT scan

Immediate

RLQ

None

Open surgical repair

Karaman et al, 2009 [23]

M: 0 F: 0
N/A: 3

N/A

N/A, explorative laparotomy N/A, immediate

Umbilical region/
rectus abdominus, LLQ

Ilium perforation, none (n =
2)

Conservative, Internal
repair (n = 2)

Nguyen et al, 2009 [24]

M: 1 F: 0

6

Physical exam

LLQ

None

Open surgical repair

Yegane et al, 2010 [26]

M: 1 F: 0

4

US + X-ray + explorative lap Immediate
arotomy

Immediate

Umbilical region/
rectus abdominus

None

Open surgical repair

Tonsi et al, 2010 [25]

M: 1 F: 0

14

CT scan

RLQ

Jejunum mesenteric tear,
multiple enterotomies

Open surgical repair

Immediate

van Bemmel et al, 2011 [31]

M: 1 F: 0

7

Physical exam

+ 1 wk

RLQ

None

Open surgical repair

Mitchell et al, 2011 [29]

M: 1 F: 0

14

Physical exam

+ 1 day

RLQ

None

Open surgical repair

Rowell & Chin, 2011 [30]

M: 1 F: 0

14

CT scan + diagnostic lapa
roscopy

+ 1 day

RUQ

Colon serosal, mesenteric
tear

Laparoscopic assisted
Endo Close

Yan et al, 2011 [32]

M: 1 F: 0

8

CT scan

Immediate

RLQ

None

Open surgical repair

Hatti et al, 2011 [28]

M: 1 F: 0

5

US

+ 4 days

LLQ

None

Open surgical repair

Bosemani et al, 2011 [27]

M: 0 F: 2

11, 8

US + CT scan

Immediate, N/A

RLQ, RUQ

Jejunal perforation, lacera
tion of liver and pancreas

Open surgical repair,
N/A

US + CT scan

Open surgical repair

Decker et al, 2012 [33]

M: 1 F: 0

13

Immediate

RLQ

None

Rathore et al, 2012 [34]

M: 5 F: 0

15, 15, 13, CT scan
9, 11

Immediate, + 1 wk

N/A

Caecal wall haematoma,
Open surgical repair
none, duodenal haematoma (n = 5)
+ pancreatic contusion

Thakur et al, 2013 [37]

M: 1 F: 0

9

US

+ 5 wks

RLQ

None

Open surgical repair

Klimek et al, 2013 [36]

M: 0 F: 1
N/A: 1

12, N/A

US + X-ray, N/A

Immediate, N/A

Umbilical region/
rectus abdominus, N/A

None, N/A

Open surgical repair
(n = 2)

Upasani & Bouhadiba,
2013 [38]

M: 1 F: 0

12

CT scan

-

LUQ

None

Conservative

Griffin et al, 2013 [35]

M: 1 F: 0

11

CT scan

Immediate

RLQ

None

Open surgical repair

Yaylaci et al, 2014 [39]

M: 1 F: 0

11

US + CT scan

Immediate

LLQ

Jejunal perforation

Open surgical repair

Talutis et al, 2015 [42]

M: 2 F: 1

11, 9, 7

CT scan (n = 3)

Immediate

LLQ, RLQ

None, jejunal contusion, il
eal perforation

Open surgical repair
(n = 3)

Angel Buitrago & Lugo-Vicente,
2015 [40]

M: 1 F: 0

14

US + CT scan

Immediate

Umbilical region/
rectus abdom inus

None

Open surgical repair

Hirose et al, 2015 [41]

M: 2 F: 0

14, 13

N/A

Immediate, N/A

LUQ, N/A

Duodenal injury, bladder
rupture

Open surgical repair
(n = 2)

Deepak et al, 2015 [2]

M: 2 F: 0

12, 12

CT scan

N/A (n = 2)

N/A, RLQ

Jejunal perforation, none

Open surgical repair
(n = 2)

Pederiva et al, 2016 [43]

M: 1 F: 0

9

CT scan

+ 1 day

LLQ

Ileal perforation

Open surgical repair

Volpe et al, 2017 [46]

M: 2 F: 0

12, 8

Physical exam + US

-

RLQ

None

Conservative (n = 2)

Ramos-Irizarry et al, 2017 [44]

M: 1 F: 0

11

CT scan

Immediate

RLQ

None

Open surgical repair

Rinaldi et al, 2017 [45]

M: 2 F: 0

12, 13

CT scan + diagnostic lapa
roscopy

Immediate

LLQ, RLQ

None, sigmoid haematoma

Open surgical repair,
N/A

F = female; M = male; LLQ = right lower quadrant; LUQ = left upper quadrant; N/A = not available; RLQ = right lower quadrant; RUQ = right upper quadrant; US = ultrasonography.
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FIGURE 3
Timing of surgery in included cases.
%
100

80

60

40

20

ap

N/
A

ch
pr
oa

ks
we
e
va
tiv
e
er
ns
Co

>

2

we
e

>

7-

ks
-5

14

da
ys

da
ys
7
1-

m

ed

iat
e

0

Im

4

N/A = not available.

months [20, 22, 23]. One case showed a decrease of the
fascia defect from 2 cm to 5 mm within six months [38].
The last two cases diminished in size from 15 mm to 3
mm in 12 months and from 10 mm to 3 mm in two
months [46].
DISCUSSION
A paediatric patient with a bicycle handlebar hernia is
typically a school-aged boy. Occurrence of intra-abdom
inal injuries increased significantly with handlebar hernia
located in the upper half of the abdomen. CT is often
used as the final diagnostic modality, and open surgical
repair of the handlebar hernia with layered closure with
out a mesh was the preferred approach, although suc
cessful laparoscopic sutured repair has also been de
scribed.
CT is the gold standard as a diagnostic imaging
modality in evaluation of abdominal injuries after highenergy blunt trauma in haemodynamically stable chil
dren [49]. In the haemodynamically unstable child, an
immediate explorative laparotomy is required [49].
Blunt trauma with a bicycle handlebar can be a highenergy or a low-energy trauma and is often an isolated
trauma. Thus, in cases with an overall unaffected child
and a low-energy trauma in the lower quadrants with a
bicycle handlebar, ultrasonography can be used as an al
ternative. Attention is necessary during investigation as
sensitivity and specificity obviously vary between the
different modalities used for diagnosing a traumatic ab
dominal wall hernia. Ultrasonography is of great value
but largely operator-dependent. In one study, traumatic
abdominal wall hernia was initially misdiagnosed as an
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abdominal wall haematoma, possibly due to the lack of
ability of the ultrasonography to distinguish between
haematoma and a bowel loop as they both may appear
hyperechoic [50]. In one case, a hernia was missed dur
ing initial physical and ultrasonography examination dur
ing the first 48 hours [16]. Ultrasonography may be used
to diagnose intra-abdominal injuries by the occurrence
of free fluid in the peritoneal cavity. Minimal pelvic free
fluid may be physiological in both boys and girls and is
present in up to 12% of asymptomatic children without
intra-abdominal injuries [51]. In one study, 3.5% of pa
tients with small amounts of pelvic peritoneal fluid had
intra-abdominal injuries, whereas 92.3% of patients with
free fluid outside the pelvis had organ injury [52].
It is believed that abdominal wall defects can be
overlooked during the initial radiographic investigation
due to pain and muscle spasms [42]. A plausible reason
for delayed initial diagnosing may be delayed herniation
with rupture of the abdominal wall due to haematoma
or wound infection [8, 28].
Early diagnosing and treatment may hypothetically
be associated with less morbidity due to prevention of
incarceration and strangulation [31]. Surgery with su
tured closure with absorbable suture of all layers after
evacuation of subcutaneous haematoma and removal of
non-viable tissue was the preferred method in the man
agement of these injuries. Laparoscopically sutured re
pair may also be an option, especially if diagnostic lap
aroscopy is performed anyway. Non-surgical treatment
was used in four cases, apparently with success. How
ever, in one case only clinical follow-up was performed.
A limitation of this review was that a majority of the
included studies were case reports with a short followup period, making the risk of recurrence of hernia diffi
cult to assess. Furthermore, there was no consistency in
the variables presented.
CONCLUSIONS
Traumatic abdominal wall hernia caused by a bicycle
handlebar in children is a rare type of injury. Traumatic
abdominal wall hernia can be visualized by ultrasonog
raphy, but CT is often used as the final diagnostic modal
ity because of the risk of associated intra-abdominal in
juries. Surgical repair of the handlebar hernia with open
or laparoscopic suturing can be used. Non-surgical man
agement has been described in selected cases, but the
available data do not support a general recommenda
tion for non-surgical management.
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