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Buckle fractures, also known as Torus fractures, are a form 

of non-displaced, incomplete compression fracture in 

children that causes buckling or bulging of the bone cortex 

without disruption [1-3], and are usually characterized by a 

kink within the bone [4]. Buckle fractures affect 1 in every 

25 children and account for 50% of pediatric wrist 

fractures [5]. Although they can occur at the distal femur 

and tibia, distal radius buckle fractures are the most 
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common type of pediatric fracture and account for the 

highest number of fracture visits to the Emergency 

Department in the United States. They are most commonly 

caused by the low energy falls on an outstretched hand [6]. 

Patients with buckle fractures are typically discharged 

with a splint or immobilization in plaster of Paris, either 

back-slab or full cast, and do not require further imaging or 

follow-up [7, 8]. Buckle fractures are mainly diagnosed by 

Reliability of Cortical Buckling or Bulging

I N T R O D U C T I O N

Buckle fractures in children are non-displaced, incomplete compression fractures resulting in 

bulging or buckling of the bone cortex without disruption. Objective: To assess the diagnostic 

accuracy of ultrasound and the reliability of cortical buckling or bulging as an indicator of 

ultrasound in diagnosing buckle fractures of long bones in children while using radiography as 

the reference standard. Methods: A cross-sectional study conducted at the Radiology 

Department of the Trauma Centre of Saidu Group of Teaching Hospitals, Swat, from May 2022 to 

January 2023. The sample size consisted of 148 patients aged 0-18 years with 204 clinically 

suspected long bone fractures. Because speci�c clinical markers for isolating buckle fractures 

are lacking, a general population of patients with long bone injuries was considered. 

Sonographic scans of the suspected fractures were performed followed by the plain 

radiography and images of buckle fractures were saved on both modalities for comparison. 

Results: Sonographic buckling or bulging was found in 24 out of 25 total buckle fractures. One 

sonographic buckle fracture was also missed radiographically. The diagnostic accuracy of 

ultrasound in diagnosing buckle fractures was found 98.53% with a sensitivity and speci�city of 

96% and 99.10% respectively. PPV and NPV of ultrasound were found 96% and 99.10% 

respectively. Conclusions: Ultrasound can be used as the initial screening modality for 

diagnosing buckle fractures in long bones in children due to its high diagnostic accuracy and the 

reliability of cortical buckling or bulging as a sonographic indicator.
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plain radiography but it carries a risk of radiation hazards 

produced by ionizing radiation in x-rays especially in 

children who are about 10 times more radiosensitive than 

adults due to their smaller body size and increased mitotic 

activity. Although a small quantity of radiation is used but 

the radiation dose is cumulative [7-9]. On the other hand; a 

large number of un-necessary x-rays are used for 

suspected fractures as to one study, 82.8% of the x-rays 

conducted only in children for suspected fractures, 

showed no fracture [11]. MSK ultrasound can be an 

alternate radiation free imaging modality for screening 

buckle fractures in children as it is safe, fast, portable, 

painless, dynamic, cost e�cient and more sensitive than 

plain radiography [6, 12-14]. The purpose of this study was 

to assess the diagnostic accuracy of ultrasound and the 

reliability of cortical buckling or bulging as an indicator of 

ultrasound in diagnosing buckle fractures of long bones in 

children while using radiography as the reference standard, 

in order to reduce the risks and burden of unnecessary x-

rays on children and the health care system.

M E T H O D S

were unable to be shifted to the patient's examination 

couch. Esaote MyLab sigma ultrasound machine with a 

linear probe of having frequency 10-15MHz was used for 

ultrasound scans. The scan was started by putting the 

transducer on the lateral side of the bone to assess the 

depth and location of the bone suspected for fracture after 

applying su�cient amount of gel for good coupling. After 

�nding the hyperechoic cortex of the bone (Figure 1).

This was an analytical cross-sectional study conducted at 

the Radiology Department of the Trauma Centre, Saidu 

Group of Teaching Hospitals in Swat, from May 2022 to 

January 2023. Since there are no speci�c clinical markers 

for isolating buckle fractures, patients with long bone 

injuries were selected as the study population. A non-

probability purposive sampling technique was employed. 

The inclusion criteria consisted of clinically suspected long 

bone fractures presenting with symptoms such as pain, 

swelling, tenderness, restricted or impaired motion of the 

affected extremity, and ecchymosis. A total of 188 patients 

were selected with a 95% con�dence interval and an 8% 

margin of error. The sample size was determined based on 

an anticipated ultrasound sensitivity of 90% and a 

prevalence of long bone fractures of 28.7% [15, 16]. 

Exclusion criteria encompassed open fractures, soft 

tissue lesions at the fracture site, neurovascular injuries, 

life-threatening conditions, cases with unstable vital signs, 

severe pain during ultrasound scanning, re-fractures, 

presence of orthopedic hardware, and dislocation along 

with the fracture. Clinically suspected patients were 

referred to the Radiology Department of the Trauma Center 

for radiography following con�rmation by an orthopedic 

physician. Prior to conducting the sonographic and 

radiographic examinations, parents or guardians were 

informed about the study and written informed consent 

was obtained. The patients were scanned in a position 

comfortable to them. Stable children were mostly scanned 

in the laps of their parents/guardians. Unstable patients 

were scanned in their stretchers and wheel chairs who 

Figure 1: Normal hyperechoic bone cortex

 The transducer was placed longitudinally to scan the entire 

bone in all directions and sides i.e. anteriorly, posteriorly, 

medially and laterally to �nd any cortical buckling or bulging 

in the bone for assessing the buckle fracture (Figures 2 and 

3).

Figure 2: (A) cortical buckling, (B) X-Ray of the same patient

A B

Figure 3: (A) cortical bulging, (B) X-Ray of the same patient

In case of two adjacent bones like radius and ulna, 

additional medial and lateral oblique views were also taken 

for both anterior and posterior sides. The sonographic 

�ndings obtained were recorded in the proforma. Presence 

o r  a b s e n c e  o f  b u c k l e  f r a c t u r e  w a s  d e c l a r e d 

A B
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sonographically and the images and video clips were saved 

for further use. The patient was then sent for radiographic 

evaluation. Two radiographic projections i.e. AP and lateral 

were obtained using x-ray machine Konica Minolta AeroDR 

X70, a 1000mA machine with digital radiography system. 

Buckle fractures were assessed by �nding a kink in the 

cortex of the bone. Radiographic �ndings were noted on 

the proforma. Presence or absence of buckle fracture was 

declared radiographically and the images were saved for 

further use. Finally, images of both modalities were shown 

to the radiologist for the con�rmation of the buckle 

fracture and the patient was then referred to the 

orthopedic department for treatment. Out of 188, only 148 

patients were within the age group of 1-18 years, and were 

included in the study, comprising 204 suspected fractured 

bones. Data were analyzed using SPSS software version 

27.0. In the data sheet, the sonographic and radiographic 

fractures were presented as fracture present or absent. 

The patient's demography, bones fractured/affected, the 

sonographic marker of cortical buckling and radiographic 

buckling were plotted separately for their presence and 

absence. Radiography was considered as the reference 

standard for comparison. The diagnostic accuracy of 

ultrasound was measured in terms of sensitivity, 

speci�city, positive predictive value and negative 

predictive values.

R E S U L T S

A total of 148 patients with 204 suspected fractures 

ranging in age from 1 to 18 years were assessed out of which 

fracture was diagnosed in 136 bones of 107 patients. There 

were a total 25 buckle fractures out of which 24 were 

diagnosed sonographically for which cortical buckling or 

bulging was also present while one was missed. There was 

also a sonographic buckle fracture which was missed 

radiographically (Table 1).
Table 1: Comparison between sonographic and radiographic 

diagnosis of buckle fractures

Present

Absent

Total

Sonographic fracture 
(cortical buckling)

Radiographic fracture
Total

Present Absent

24

1

25

1

110

111

25

111

136

Buckle fractures accounted for 18.38% of all the fractures 

in children. Buckle fractures were more common in 

children aged 6-11 years (40%) than in young teens aged 12-

13 years (28%), (Figure 4).

Frequency of age groups
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Teens
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Figure 4: Frequency of Age groups in buckle fractures

72% of the fractured patients were male and 28% were 

female (Figure 5).

Gender frequency
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Figure 5: Gender Frequency

A B

Figure 6 A: a kink is present in the radiograph B: no sonographic 

buckling

84% of the buckle fractures occurred in the radius followed 

by the ulna with a percentage of 12% (Table 2).
Table 2: Frequency of bones fractured

Frequency (%)Bone fractured

Radius

Ulna

Tibia

Total

21(84)

3(12)

1(4)

25(100)

The most common cause of injury was a fall with a 

frequency of 84% followed by RTA at a frequency of 16% 

(Table 3).
Table 3: Frequency of causes of fracture

Frequency (%)Cause of injury

Fall

RTA

Total

21(84)

4(16)

25(100)
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The most prominent clinical signs showing a buckle 

fracture were swelling and tenderness (table 4).
Table 4: Frequency of clinical signs

Buckle fracture is a common long-bone fracture in 

children, and radiography is commonly used to diagnose it, 

posing radiation risks. The radiation dose of children is up 

to ten times that of adults. Therefore, there should be 

another imaging modality that is radiation free, as a large 

number of unnecessary x-rays are utilized for suspected 

fractures, with relatively few x-rays showing fracture. This 

study was designed to assess the diagnostic accuracy of 

ultrasound and the reliability of cortical buckling or bulging 

as a sonographic indicator of ultrasound for diagnosing 

buckle fractures in children. Studies on this particular topic 

are quite rare. Our study revealed that tenderness and 

swelling are reliable clinical signs of buckle or Torus 

fractures, which is supported by a recent study conducted 

by Gonzalez et al., in 2022. Our study reveals that fall is the 

common cause of buckle fractures which is again similar to 

t h e  � n d i n g  o f  G o n z a l e z .   I n  o u r  i n ve s t i g a t i o n, 

ultrasonography found 24 of the 25 buckle fractures, which 

is quite comparable to the �ndings of Pountos et al., in 

which all of the radiographic buckle fractures were also 

diagnosed sonographically [6, 7]. One fracture that 

ultrasound missed was due to the possibility that fracture 

had healed as all of the clinical symptoms were mild (�gure 

D I S C U S S I O N

Frequency (%) Hematoma

Present

Total

25(100)

25(100)

6). The sensitivity and speci�city of ultrasonography in our 

investigation were 96% and 99.10%, respectively, which are 

comparable to the �ndings of Poonai et al., conducted in 

2017 in which the sensitivity and speci�city of ultrasound 

were 94.7% and 93.5% respectively [17]. Speci�city of our 

study which is 99.10% is comparable to that of the study of 

Kozaici et al., conducted in 2014 in which the sensitivity and 

speci�city of ultrasound in buckle or torus fractures were 

78% and 98% respectively [12]. Subperiosteal hematoma 

was found in 100% of cases in our study which is supported 

by the study of Al-Allaf and Al-Dubouni conducted in 2008 

showing 100% hematoma associated with fractures [18-

20].

SevereClinical signs

Pain

Swelling

Tenderness

Ecchymosis

Motion of the bone

Mild Moderate

15(60)

5(20)

4(16)

15(60)

-

7(28)

8(32)

10(40)

6(22)

19(76)

3(12)

12(48)

11(44)

4(16)

6(24)

Hematoma was a reliable indirect sign of buckle fracture 

present in 100% of cases (Table 5).
Table 5: Frequency of hematoma formation

Ultrasound showed a good diagnostic accuracy of 98.53% 

in diagnosing buckle fracture by its speci�c indicator of 

cortical buckling or bulging. Sensitivity and speci�city of 

ultrasound in diagnosing buckle fracture were 96% and 

99.10% respectively. PPV and NPV were also 96% and 

99.10% respectively (Table 6).
Table 6: Diagnostic accuracy of ultrasound in buckle fractures

Statistics

Sensitivity

Speci�city

Positive predictive value

Negative predictive value

Accuracy

Value 95% CI

96%

99.10%

96%

99.10%

98.53%

79.65 to 99.90%

95.08 to 99.98%

79.65 to 99.90%

95.08 to 99.98%

94.79 to 99.82%

Our study revealed that ultrasound has a good diagnostic 

accuracy of 98.53% with sensitivity and speci�city of 96% 

and 99.10% respectively in diagnosing buckle or torus 

fractures in long bones in children. Cortical buckling or 

bulging seen in buckle fractures is a reliable indicator of 

ultrasound as almost all of the cases with such feature 

were also diagnosed radiographically. 
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