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Abstract. – Fractures are commonly encoun-
tered in clinical practice. Early diagnosis and in-
dividualized treatment are the basis for achiev-
ing high-quality fracture healing and function-
al recovery. Radiographic examinations play an 
important role in the diagnosis and treatment of 
fractures. In recent years, with the innovation in 
ultrasonic examination technology and equip-
ment, its application in the diagnosis and treat-
ment of fractures has greatly increased. Long 
bone, rib, radius and ulnar, metacarpal, carti-
lage, nasal bone, and occult are common frac-
ture types. Ultrasound has long been used in 
fracture diagnosis and treatment. This narrative 
review summarizes and discusses the applica-
tion of ultrasound in the diagnosis and treat-
ment of fractures.
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Introduction

A fracture, the interruption of bone integrity 
and continuity, is usually caused by trauma. The 
main clinical features are fracture-end deformi-
ty, reverse movement, and bone friction. Severe 
fractures can cause shock or even death if not 
treated quickly1,2. Fractures can be divided into 
closed and open types according to whether 
they pierce the skin and into complete or in-
complete according to whether bone integrity is 
destroyed. Based on the stability of the fracture 
end, fractures can be divided into stable and un-
stable fractures3,4. For patients with severe local 

pain and deformity after trauma, the possibility 
of fracture should be considered, and simple and 
reliable examination methods should be used 
to obtain accurate information to inform treat-
ment plans. Radiology computed tomography 
(CT), and other imaging examination methods 
are the first choice for fractures, but there are 
some shortcomings, such as poor radiation and 
mobility. In recent years, the rapid develop-
ment of ultrasound technology has led to its 
application in fracture diagnosis and treatment; 
for some special fracture types, it has even be-
come the preferred examination method. This 
article reviews the application of ultrasound in 
fracture diagnosis and treatment, summarizes 
its advancements to date, and proposes a new 
direction for its follow-up application.

Ultrasound Origin and Development

Ultrasonic diagnosis was introduced in the 
1940s. First, A-mode ultrasound technology was 
applied in clinical practice; B-mode, M-mode, and 
D-mode ultrasound were then performed sequen-
tially. Ultrasound examination has the advantages 
of being non-invasive, simple, repeatable, instant, 
and relatively inexpensive. Once published, it was 
welcomed by doctors and patients5,6. The clinical 
application of color ultrasound makes sonograms 
of the human arteriovenous vessels, heart, biliary 
tract, and other organs more intuitive and realis-
tic. In the past 10 years, ultrasonic diagnosis tech-
nology has been vigorously developed. With the 
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continuous innovation of ultrasonic equipment, 
the use of body cavity and intraoperative probes 
has continuously expanded the scope of clinical 
diagnosis and treatment and improved diagnosis 
and treatment.

High-frequency and gray-scale ultrasound 
are currently widely used in clinical practice. 
High-frequency ultrasound refers to a radio wave 
with a frequency band of 3-30 MHz. With the 
increase in frequency, the image resolution dis-
played by ultrasound examination is also im-
proved to more clearly present lesion characteris-
tics and assist clinicians reach a scientific diagno-
sis7. Gray-scale ultrasound reflects the gray scale 
using different amplitudes of echo and black-and-
white levels corresponding to the sonogram. If 
the echo amplitude is large and the echo intensity 
is high, it is called a strong echo; otherwise, it is 
called a weak echo. To date, it has been success-
fully applied in the diagnosis and differential di-
agnosis of diseases, such as mass differentiation 
and postpartum placenta implantation8.

Ultrasound Application  
in Fracture Diagnosis

Direct or indirect violence can interrupt the 
integrity and continuity of the bone trabecula, 
leading to displacement, dislocation, and sur-
rounding soft tissue damage of the fracture end. 
The surface of the normal bone showed a strong 
reflective interface, which hindered the further 
observation of the posterior structure. However, 
when the periosteum undergoes destruction or 
thinning, fracture, and lesions, ultrasound can be 
used to observe subperiosteal lesions.

High-frequency ultrasound mostly selects an 
8-12 MHz high-frequency probe to observe the 
continuity of the bone cortex in the areas of pain 
and swelling, which can clearly show the integ-
rity and continuity of swelling soft tissue and 
related bones. If local continuity interruption is 
found, multi-angle and all-round scanning shall 
be carried out with this as the center until a lad-
der-like or scattered fragment-like uplift is iden-
tified. Relevant studies9,10 have shown that some 
fractures are undetected on X-ray examinations 
due to evident swelling of the soft tissue or avul-
sion of the fracture block <6 mm. At this time, 
the fracture can be identified on high-frequency 
ultrasonic examination, which compensates for 
the deficiency of the X-ray examination.

Diagnosis of Long Bone Fractures

Long bone fractures, including the humerus, 
ulna, radius, tibia, and fibula, are among the most 
common traumatic fractures. During ultrason-
ic scan, an ultrasonic gel is first applied to the 
affected area and a high-frequency linear probe 
is used along the long axis. After adjustment 
of the depth and gain, the deepest hyperechoic 
horizontal line (bone cortex) and its rear sound 
shadow appear in the image. When a fracture 
occurs, continuity of the bone cortex line can 
be observed. Displacement and angulation of 
the fracture end show inward depression and 
cortical separation on ultrasonic imaging. It has 
been stated that ultrasound can significantly in-
crease the early accurate diagnosis rate of long 
bone fractures. Kiwanuka et al11 reported that 
high-frequency color Doppler ultrasound guid-
ance can help surgeons perform accurate fracture 
reduction. However, for long bone fractures near 
the joint, the accuracy of ultrasonic diagnosis is 
significantly reduced; thus, it must be combined 
with other diagnostic methods. 

Diagnosis of Rib Fractures

Rib fractures are most often diagnosed on 
X-ray examinations. However, due to its low res-
olution and passive body position during patient 
examination, the detection and diagnosis rates of 
costal cartilage, overlapping, and crack fractures 
are low, and misdiagnosis and missed diagnosis 
may occur. The appearance of high-frequency 
color Doppler ultrasound probes has greatly im-
proved the examination resolution of superficial 
tissues and has great advantages in the detection 
of occult rib fractures. High-frequency linear 
ultrasound can be used vertically on the long 
axis of the rib, scan the area 10 cm around the 
maximum tenderness point, and distinguish the 
rib cortex and pleural line through the shadow 
behind the rib. Rib fracture can be diagnosed 
when echo continuity interruption, dislocation, 
rough edge, and other phenomena are found12. 
Lalande et al13 found that, for adult patients with 
clinically suspected rib fracture, high-frequency 
ultrasound is a feasible technique for diagnosing 
rib fractures in the emergency department. Other 
research14 also found that ultrasound has the same 
value for rib fracture complications including he-
mopneumothorax and soft tissue hematoma.
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Diagnosis of Ulnar and Radial 
Fractures

Ulnar and radial fractures usually occur in chil-
dren aged 5-12 years, in whom the bone strength 
of the congenital epiphyseal line is weak. The 
radiographic diagnosis of patients with ulnar and 
radial fractures requires full range of motion of the 
affected limb, which may cause pain. Ultrasonic 
exploration can obtain effective information in a 
relatively static state, reduce the patient’s radiation 
and the pain caused by movement of the affected 
limb, and achieve ideal diagnostic efficiency. The 
main signs of ulnar and radial fractures detected 
by ultrasound are interruption of the strong echo 
in the bone cortex, bending deformation, sub-
periosteal hematoma, and/or soft tissue edema. 
The comparison of X-ray and ultrasound in the 
application of distal forearm fractures in children 
aged 0-14 years in the Netherlands revealed that 
the overall diagnostic rate of ultrasound was 92%, 
similar to that of X-ray, indicating its accuracy for 
diagnosing distal forearm fractures in children; 
moreover, it can be implemented quickly with less 
pain than radiology15. Auten et al16 reported that the 
sensitivity and specificity of ultrasound in identi-
fying insufficient reduction of ulnar fractures in 
children were 100% and 92-93%. Ultrasound is 
an optional method for diagnosing distal ulnar and 
radial fractures in children.

Diagnosis of Metacarpal and 
Cartilage Fractures

The anatomical structure of the human palm is 
unique. Ultrasound can scan the palm only from 
the front and back; however, there are obvious 
defects in the side scan. Ultrasonic examinations 
should be performed as close as possible to the 
injured local metacarpal bone and compare it 
with the healthy side to determine the presence 
of a fracture. X-rays cannot show cartilage frac-
tures, but ultrasound has unique advantages in 
this regard. Ultrasonic images in the diagnosis of 
cartilage fractures mainly show low echo, fuzzy 
boundary, bone dislocation, an arc-shaped con-
necting line at the fracture end, and low echo of 
the surrounding soft tissue hematoma, but they 
do not show typical manifestations such as con-
tinuous interruption of the bone cortex. Storch 
et al17 reported that ultrasound is the first choice 
for evaluating the integrity of the cartilage hinge 
of humeral lateral condyle fractures in children 

without evident displacement. Bortolotto et al18 
reported that the effect of muscle bone ultrasound 
in the diagnosis of costal cartilage fractures is 
superior to those of digital radiography and multi-
slice spiral CT.

Diagnosing Nasal Bone and 
Occult Fractures

The fragile nasal bone protrudes from the 
surface of the human body. If it suffers trauma, it 
is prone to fractures. In severe cases, nasal con-
gestion and dyspnea may occur. Radiographs are 
widely used in the diagnosis of nasal bone frac-
tures, but their reliability is controversial. Nasal 
bone ultrasonography has rapidly developed in 
recent years. Ultrasonography can detect frac-
tures, interruptions, deflections, or subcutaneous 
ectopic air in the nasal bone cortex. 

An occult fracture is the interruption of the 
integrity and continuity of the phalanges, but the 
radiographic manifestations are atypical, which 
can cause clinical misdiagnosis and missed di-
agnosis. High-frequency ultrasound could detect 
microfractures as small as 0.5 cm according to 
the fracture of the cortical echo zone at the frac-
ture end and callus in the convalescent stage. In 
a study19 on X-ray occult fracture of the proximal 
tibia in pediatric patients, instant ultrasound pro-
vided evidence of fracture and had value in the 
diagnosis of clinical occult fracture.

Application of Ultrasound in
Fracture Treatment

Fracture Treatment and Localization
Fracture healing is a complex process, and 

the healing times vary significantly among body 
parts. Monitoring the fracture healing process is 
a current focus of clinical research. Ultrasonog-
raphy is non-invasive, safe, non-radiating, and re-
peatable, and it has been widely used in fracture 
treatment, guidance, positioning, and healing. 
Krishnamurthy et al20 reported that preoperative 
ultrasound-assisted fracture end positioning in pa-
tients with multiple injuries and rib fractures can 
improve the accuracy of fracture end positioning, 
thereby shortening surgical incision length and 
operation time and reducing the patient’s surgical 
trauma. Among elderly patients undergoing hip 
fracture surgery, ultrasound-guided trefoil posi-
tioning improved the application of lumbar plex-
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us blocks with high safety10. Yu et al21 analyzed 
patients with femoral fractures and found that 
ultrasound identified vascular and neural struc-
tures around the hip joint, assisting the reduction 
of difficult to reduce femoral neck fractures and 
avoiding further disruption of the blood supply to 
the femoral head. However, there are certain lim-
itations in the positioning of ultrasound therapy. 
For example, severe hematoma or subcutaneous 
emphysema at the fracture end can directly affect 
the clarity of ultrasound imaging, reduce the ac-
curacy of ultrasound positioning, and ultimately 
affect the treatment effect. Fractures should be 
visualized with a variety of inspection methods 
to achieve precise positioning and maximize the 
treatment effect.

Fracture Localization and Anesthesia
Ultrasonography can flexibly and accurately 

locate the fracture surgical site so that it can be 
marked on the body surface and scientifically 
guide surgical incision position. In rib fracture 
fixation, ultrasound localization optimized the sur-
gical approach and reduced the incision length 
and operative time22. In patients with closed nasal 
bone fractures, high-frequency ultrasonography 
provides accurate localization and facilitates sub-
sequent restorations, with specific results similar 
to those of nasal bone CT scans23. Gu et al24 found 
that the ultrasound-guided polynomial block may 
be an alternative to commonly used anesthesia 
procedures in elderly patients with hip fracture, 
providing satisfactory intraoperative pain manage-
ment and reducing early postoperative cognitive 
impairment. Ultrasound-guided brachial plexus 
block anesthesia in patients with upper-extremity 
fractures has the advantages of short onset time, 
long block time, and good surgical satisfaction25.

Fracture Healing, Monitoring, 
and Treatment

Gray-scale ultrasound can be used to observe 
the fracture healing process by showing the 
following processes. (1) Hematoma organiza-
tion: a semicircular anechoic area with a regular 
shape at the fracture end followed by a semi-
circle or slope, hypoechoic fibrous callus with 
honeycomb-like changes, and atypical honey-
comb-like fibrous callus with dense hypoechoic 
changes in the later stages. (2) Primitive callus 
formation: the fracture line is blurred under 
ultrasound, and a semicircular callus is formed 
that is densely hyperechoic in a radial or irreg-
ular arrangement, and X-rays observe this phe-

nomenon later than ultrasound. (3) Remodeling 
of callus: the fracture line is further blurred or 
even completely disappears under ultrasound, 
the bone connection appears at the fracture end, 
and the callus shows dense radial hyperechoic 
shadows19,26. The display times of X-ray and 
ultrasound in this period were roughly equal. 
Nicholson et al27 found that 3D fracture recon-
struction can be established using multiple ultra-
sound images to assess the presence of bridging 
bone; this imaging modality has the potential to 
improve the usability and accuracy of early frac-
ture healing identification. In addition to mon-
itoring fracture healing, low-intensity pulsed 
ultrasound can promote fracture healing. The 
specific mechanism involves the regulation of 
cavitation and mechanical effects on the fracture 
healing microenvironment. Previous studies28 
confirmed that low-intensity pulsed ultrasound 
can shorten fracture healing time.

Advantages and Limitations of 
Ultrasound Applications

High-frequency ultrasound can detect small 
fracture lines with higher sensitivity for fracture 
detection than that of X-rays. Therefore, it has 
greater diagnostic value for small and occult frac-
tures. Ultrasound can be performed in multiple 
directions and angles, avoiding repeated radia-
tion hazards, and has better safety for sensitive 
groups such as children and pregnant women. 
Ultrasonography also has certain limitations in 
fracture diagnosis: it is easily affected by physical 
properties, has difficulty visualizing the internal 
situation of the bone, and features a limited ob-
servation field. At the same time, the subjective 
cognition and technology of the test subject are 
greatly influenced by the ultrasonic results, which 
may cause diagnostic errors. Therefore, for some 
cases with unclear images and difficult diagno-
ses, other imaging methods, such as X-ray, CT, 
and MRI, ultrasonic results should be employed 
as well to further improve the diagnosis result.

Conclusions

Ultrasonography plays an important role in 
fracture diagnosis and treatment. It is more sen-
sitive than X-rays for some fractures. However, 
we must not interpret ultrasound findings alone; 
rather, they must be combined with other exam-
inations and clinical manifestations to improve 
diagnostic accuracy.



Advances in the application of ultrasound for fracture diagnosis and treatment

7953

Conflict of Interest
The Authors declare that they have no conflict of interests.

Ethical Approval
As the study did not involve human participants, ethics ap-
proval was not required.

References

  1)	 Wanjiang F, Xiaobo Z, Xin W, Ye M, Lihua H, Jian-
long W. Application of POSSUM and P-POSSUM 
scores in the risk assessment of elderly hip frac-
ture surgery: systematic review and meta-analy-
sis. J Orthop Surg Res 2022; 17: 255.

  2)	 Ipsen JA, Pedersen LT, Viberg B, Nørgaard B, Suetta 
C, Bruun IH. Rehabilitation for life: the effect on phys-
ical function of rehabilitation and care in older adults 
after hip fracture-study protocol for a cluster-ran-
domised stepped-wedge trial. Trials 2022; 23: 375.

  3)	 Yıldırım C, Muratoğlu OG, Turan K, Ergün T, Mısır 
A, Aydın M. The intra- and interobserver reliabili-
ty of five commonly used intertrochanteric femur 
fracture classification systems. Jt Dis Relat Surg 
2022; 33: 187-192.

  4)	 Aldieri A, Terzini M, Audenino AL, Bignardi C, Pag-
giosi M, Eastell R, Viceconti M, Bhattacharya P. 
Personalised 3D Assessment of Trochanteric Soft 
Tissues Improves HIP Fracture Classification Ac-
curacy. Ann Biomed Eng 2022; 50: 303-313.

  5)	 Kalogiouri NP, Samanidou VF. A Validated Ultra-
sound-Assisted Extraction Coupled with SPE-
HPLC-DAD for the Determination of Flavonoids in 
By-Products of Plant Origin: An Application Study 
for the Valorization of the Walnut Septum Mem-
brane. Molecules 2021; 26: 6418.

  6)	 Shinohara H, Shimpo M, Watanabe H, Toriumi S, 
Komori T, Hoshide S, Kario K. Intravascular Ultra-
sound-Validated Mechanical Stress of the Aorta 
on Anomalous Origin of Coronary Artery- A Pos-
sible Sign of Angina. Circ J 2021; 85: 2120.

  7)	 Fritz AV, Martin AK, Belli E, Clendenen SR. Intra-
operative Epicardial Ultra-High Frequency Ultra-
sound in Coronary Artery Bypass Grafting Sur-
gery. Cureus 2022; 14: e22649.

  8)	 Yi J, Shin Y, Hahn S, Lee YH. Deep learning 
based sarcopenia prediction from shear-wave ul-
trasonographic elastography and gray scale ul-
trasonography of rectus femoris muscle. Sci Rep 
2022; 12: 3596.

  9)	 Masoudi A, Naraghi L. Point-of-Care Ultrasound 
for Diagnosis and Pain Control of Sternal Frac-
ture. Cureus 2022; 14: e22882.

10)	 Natrajan P, Bhat RR, Remadevi R, Joseph IR, Vi-
jayalakshmi S, Paulose TD. Comparative Study 
to Evaluate the Effect of Ultrasound-Guided Peri-
capsular Nerve Group Block Versus Fascia Ilia-
ca Compartment Block on the Postoperative An-
algesic Effect in Patients Undergoing Surgeries 

for Hip Fracture under Spinal Anesthesia. Anesth 
Essays Res 2021; 15: 285-289.

11)	 Kiwanuka E, Smith SE, Frates MC, Caterson EJ. 
Use of high-frequency ultrasound guidance for in-
traoperative zygomatic arch fracture reduction. J 
Craniofac Surg 2013; 24: 2036-2038.

12)	 Sheng DL, Burnham K, Boutin RD, Ray JW. Ul-
trasound Identifies First Rib Stress Fractures: A 
Case Series in Division I Athletes. J Athl Train 
2022. doi: 10.4085/1062-6050-0375.21. Online 
ahead of print.

13)	 Lalande É, Guimont C, Émond M, Parent MC, 
Topping C, Kuimi BLB, Boucher V, Le Sage N. 
Feasibility of emergency department point-of-
care ultrasound for rib fracture diagnosis in minor 
thoracic injury. Cjem 2017; 19: 213-219.

14)	 Rovida S, Orso D, Naeem S, Vetrugno L, Volpi-
celli G. Lung ultrasound in blunt chest trauma: A 
clinical review. Ultrasound 2022; 30: 72-79.

15)	 Epema AC, Spanjer MJB, Ras L, Kelder JC, 
Sanders M. Point-of-care ultrasound compared 
with conventional radiographic evaluation in chil-
dren with suspected distal forearm fractures in 
the Netherlands: a diagnostic accuracy study. 
Emerg Med J 2019; 36: 613-616.

16)	 Auten JD, Naheedy JH, Hurst ND, Pennock AT, 
Hollenbach KA, Kanegaye JT. Comparison of 
pediatric post-reduction fluoroscopic- and ultra-
sound forearm fracture images. Am J Emerg Med 
2019; 37: 832-838.

17)	 Storch K, Schultz J, Fitze G. Duplex ultrasound 
for assessing vascular impairment after supra-
condylar humerus fractures. Medicine (Baltimore) 
2022; 101: e29258.

18)	 Bortolotto C, Federici E, Draghi F, Bianchi S. So-
nographic diagnosis of a radiographically occult 
displaced fracture of a costal cartilage. J Clin Ul-
trasound 2017; 45: 605-607.

19)	 Scheier E, Fuchs L, Taragin BH, Balla U, Shavit 
I. Use of Point-of-Care Ultrasound to Identify Oc-
cult Fractures of the Tibia in the Pediatric Emer-
gency Department: A Case Series. J Emerg Med 
2022; 62: 559-565.

20)	 Krishnamurthy BK, Aparna B, Chikkegowda S, 
Kumar KSL. Comparison between Dexmedetomi-
dine and Clonidine as an Adjuvant to Ropivacaine 
in Ultrasound-Guided Adductor Canal Block for 
Postoperative Analgesia in Total Knee Replace-
ment: A Randomized Controlled Trial. Anesth Es-
says Res 2021; 15: 245-249.

21)	 Yu S, Xu X, Pandey NR, Zhao Y, Jing J. A safe per-
cutaneous technique for the reduction of irreducible 
femoral neck fractures using ultrasound localization 
of the femoral vascular and nervous structures at 
the hip. Medicine (Baltimore) 2019; 98: e15163.

22) Martin TJ, Cao J, Benoit E, Kheirbek T. Optimizing 
surgical stabilization of rib fractures using intra-
operative ultrasound localization. J Trauma Acute 
Care Surg 2021; 91: 369-374.

23)	 Hwang SM, Pan HC, Kim HI, Kim HD, Hwang MK, 
Kim MW, Lee JS. Reduction of Nasal Bone Frac-



M.-J. Du, Y.-H. Lin, W.-T. Chen, H. Zhao

7954

ture using Ultrasound Imaging during Surgery. 
Arch Craniofac Surg 2016; 17: 14-19.

24)	 Gu J, Wang E, Dai S, Dong R, Xu F, Shen Z, 
Wang Z, He X. Ultrasound-guided Multiple Nerve 
Blocks: A Safe and Effective Anesthetic Modali-
ty in Geriatric Hip Fracture Patients. Clin J Pain 
2021; 37: 881-886.

25)	 Ciminero M, Yohe N, Garofolo-Gonzalez G, 
Choueka J. Isolated Distal Ulna Fracture With 
Distal Radioulnar Joint Dislocation: A Novel 
Fracture Pattern. Hand (N Y) 2020; 15: Np57-
np62.

26)	 Sun Y, Helmholz H, Will O, Damm T, Wiese B, 
Luczak M, Peschke E, Luthringer-Feyerabend B, 
Ebel T, Hövener JB. Dynamic in vivo monitoring 

of fracture healing process in response to magne-
sium implant with multimodal imaging: pilot longi-
tudinal study in a rat external fixation model. Bio-
mater Sci 2022; 10: 1532-1543.

27)	 Nicholson JA, Oliver WM, MacGillivray TJ, Rob-
inson CM, Simpson A. 3D ultrasound reconstruc-
tion of sonographic callus: a novel imaging mo-
dality for early evaluation of fracture healing. 
Bone Joint Res 2021; 10: 759-766.

28)	 Sawauchi K, Fukui T, Oe K, Kumabe Y, Oda T, 
Yoshikawa R, Takase K, Matsushita T, Matsumo-
to T, Hayashi Sl. Low-Intensity Pulsed Ultrasound 
Promotes Osteogenic Differentiation of Ream-
er-Irrigator-Aspirator Graft-Derived Cells in Vitro. 
Ultrasound Med Biol 2022; 48: 313-322.


