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1. Introduction 

Intramedullary nailing has been recognized 

as a standard treatment for femoral fractures 

in adults for many decades. In order to 

achieve a closed nailing, a fluoroscope is 

normally used to display an image of the 

fracture configuration and displacement in 

order to assist with fracture reduction and 

implant insertion. However, the radiation-

induced health risks that are faced by both 

patients and the fluoroscopy operators re-

main a major concern among surgeons and 

other operating room personnel. Many initia-

tives have therefore been implemented to 

minimize the hazards presented by fluoros-
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copy, including the usage of radiation pro-

tection equipment (for instance, lead aprons, 

lead gloves, and light-weight lead glasses) 

and the employment of other modalities 

(such as computer navigation, including ul-

trasonography) instead of an image intensifi-

er. 

Ultrasound-guided closed femoral nailing 

was introduced by one of our senior investi-

gators in 1991 as an alternative methodolo-

gy, especially when a fluoroscope was not 

available.
1
 Since then, this modality has be-

come of interest to clinicians in many coun-

tries.
2–7

 The technique is simple, safe, and 

reproducible.
8
 In order to achieve a success-

ful outcome, however, some requirements 

need to be taken into consideration, such as 

the fracture configuration, time to surgery, 

learning curve, and implant design. There-

fore, the present article aims to address this 

topic by way of a comprehensive review of 

the criteria for appropriate application of the 

method, its limitations, the original surgical 

technique, the outcomes, its recent usage, 

and its future possibilities. 

2. Requirement and application criteria 

The procedure was originally conceived for 

use only in simple femoral shaft fractures in 

which an ultrasonograph can clearly display 

the cortical bone shadow of each fracture 

fragment in both the longitudinal and trans-

verse scans. With this technique, an accurate 

fracture displacement and the plane of re-

duction can be demonstrated, and successful 

reduction and fracture fixation can be 

achieved. However, sonography is unable to 

support distal locking screw insertion using 

the free-hand technique; only unlocked nail-

ing, which is limited to simple fractures, is 

indicated. Another requirement is the use of 

a cannulated nail. This permits real-time 

visualization of a reaming guide-wire on the 

ultrasound display screen during a longitu-

dinal scan of the fracture site after adequate 

distraction and in the absence of an overrid-

ing fracture. A successful guide-wire inser-

tion determines the success of the nail inser-

tion. Next, the procedure should be carried 

out within a week of the patient’s injury to 

ensure that the closed reduction can be per-

formed without encountering any difficul-

ties. If the procedure needs to be delayed 

beyond 1 week, then a skeletal traction 

should be performed in order to counteract 

the deforming force around the fracture site 

and make the soft tissue more pliable. In 

addition, it is recommended that this method 

be performed in the lateral decubitus posi-

tion with the injured leg up. This affords two 

benefits. For one thing, it allows easier 

access to the entry point at the piriformis 

fossa; in addition, it provides more space to 

use both the F-shaped reduction clamp and 

the ultrasound probe at the same time during 

the closed reduction and intramedullary nail-

ing. On the other hand, the patient needs to 

be able to tolerate the lateral decubitus posi-

tion for the whole surgical period. 

3. Limitation 

The performance of this method of fracture 

reduction and nailing requires 2 experienced 

surgeons working as a team: one performing 

the closed nailing without radiographic visu-

alization, while the other is doing the closed 

reduction under ultrasound guidance. The 

greater need for surgical human resources 

compared to that required for closed nailing 

under fluoroscopy could be considered to be 

a limitation of this procedure. Moreover, the 

need for high surgical expertise and the steep 

learning curves demanded by both maneuv-

ers (fracture reduction under ultrasound 

guidance and closed nailing without fluoros-

copy) are critical to success. 
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Figure 1.  Diagram showing ultrasonogram in transverse scan when fracture site is adequately  

 distracted. Bony cross-section of the distal fragment (D) is away from the probe 

placed  on the lateral thigh, compared to the proximal fragment (P) demonstrating 

medial  displacement of the distal fragment (D) 

 

Figure 2. Diagram showing the plane of fracture displacement, representing the direction of  

  reduction force application in transverse scan 
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4. Original operative technique 

The patient is positioned laterally on a frac-

ture table, with the affected limb facing up-

wards. Each foot is secured with a foot piece 

holder attached to the traction apparatus of 

the fracture table. In order to allow good 

exposure for the application of sonography, 

both limbs are adjusted so that they are in a 

zigzag position: the affected limb is placed 

with 30 degrees of hip flexion and zero de-

grees of knee extension, while the uninjured 

limb is left straight. Ultrasound is then ap-

plied to evaluate the fracture displacement 

and assist reduction. A 5MHz linear probe is 

used to scan the fracture alignment in both 

the longitudinal and transverse planes. An 

overriding fracture can be detected by the 

simultaneous presentation on the ultrasound 

display screen of the bony cross-section of 

the proximal and distal fragments in the 

transverse scan. In this event, traction is ap-

plied to the fracture via the foot piece and 

the traction apparatus against the perineal 

post. If adequate distraction is achieved, 

resulting in no overriding of the fracture 

fragments, the sonogram will reveal a single, 

bony cross-section either from the proximal 

or the distal fragment on the display of the 

transverse scan (Figure 1). The plane of the 

fracture reduction is also identified on the 

transverse scan when the bony cross-sections 

of the proximal and the distal fragments are 

aligned in the same plane, although the 

probe might also reveal that they are at a 

different depth (Figure 2). The exact plane 

can be confirmed by rotating the probe to 

perform a longitudinal scan in the same 

plane as before. The display screen will 

show continuity of the bony shadow from 

the proximal fragment to the distal fragment, 

but at a different depth, corresponding to the 

transverse scan (Figure 3). Fracture reduc-

tion is carried out by using an F-shaped re-

duction clamp to manipulate both bony 

fragments into the correct plane under ultra-

sound guidance (Figure 4). If the fracture is 

reduced, the bony shadows will be aligned 

and continue uninterrupted from the proxim-

al to the distal portion in both the longitudin-

al and transverse scans. On the other hand, if 

the fracture cannot be reduced at this point, a 

C-arm image intensifier is then utilized for 

the conventional surgical procedure. 

 

Figure 3.  Diagram revealing a longitudinal scan at the fracture site, showing cortical shadows 

of proximal (P) and distal (D) fragments without overriding 
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Figure 4.  Diagram demonstrating fracture reduction using an F-shaped reduction tool under  

  ultrasound guidance 

 

Figure 5.  Diagram showing a longitudinal scan while fracture reduction is maintained with an 

  intramedullary reaming guide-wire (G) 

Once successful reduction under sono-

graphic guidance is achieved, a sterile drape 

is applied to the buttock of the affected side 

of the body in preparation for the surgical 

approach to the nail entry point. The femoral 

canal is perforated by an Awl reamer and 

enlarged step-by-step using T-reamers. A 

reaming guide-wire is then passed into the 

proximal femoral canal. The tip of the guide-

wire can be visualized on the ultrasound 

screen in real-time during the longitudinal 

scan of the fracture site. The guide-wire sub-

sequently needs to be pulled back into the 

proximal femoral canal to prevent it becom-

ing an obstacle during the reduction. The 

fracture is therefore reduced by repeating the 

previous maneuver under ultrasound guid-

ance. The guide-wire is finally passed 
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through the fracture site and advanced into 

the distal femoral canal (Figure 5). A suc-

cessful guide-wire insertion can be assured 

by the manual sensation of a rough surface 

while passing the guide wire into the distal 

medullary canal, including the feeling of the 

hard end-point of the femoral canal ending. 

The ultrasound finally confirms that there is 

good alignment and continuity of the femor-

al cortex from the proximal to the distal end, 

with a guide-wire shadow visible inside the 

fracture gap in all planes.  

Complete femoral canal reaming is then per-

formed, followed by definitive nail insertion. 

The appropriate nail size and length need to 

be estimated ahead of the procedure by using 

the preoperative radiograph to measure the 

femoral canal size at the level of the isthmus, 

and to determine the length of the uninjured 

femur from the palpated greater trochanter to 

the lateral epicondyle. Intraoperatively, the 

nail diameter can be confirmed through feel-

ing during the cortical canal reaming, and 

the nail length can be re-estimated by mea-

suring the length of the reaming guide-wire 

that is able to be passed into the medullary 

canal. Postoperative radiographs of the ante-

roposterior and lateral views of the whole 

femur are requested immediately after the 

operation to confirm the procedure was suc-

cessful. 

5. Results  

The success rate of closed non-locking nail-

ing under ultrasound guidance for acute 

simple femoral shaft fractures has been 

shown to be about 97% (145 cases out of 

150), with a mean operative time of 35.8 

min (range 30–50).
7
 Failures arise from nail 

incarceration, broken flexible reamers, and 

an inability to successfully insert the ream-

ing guide-wire within 10 min. 

 

6. Discussion 

Closed nailing is considered to be the stan-

dard treatment for femoral fractures. In gen-

eral, an image intensifier is routinely used to 

assist with the process of reduction and nail-

ing. However, in the situation where an im-

age intensifier is not available (which is of-

ten the case in developing countries) or there 

is an attempt to minimize risks associated 

with radiation hazards, ultrasonography is an 

alternative modality that has been success-

fully used to aid closed femoral nailing. This 

technique is simple, safe, and reproducible 

for simple femoral shaft fractures in which 

non-locking nailing can be performed during 

the first week of injury. As ultrasound can-

not detect complex fractures with comminu-

tion as clearly as simple fractures, this tech-

nique is not recommended for locked femor-

al nailing, especially for distal locking screw 

insertion using the free-hand technique.  

The trend towards the increasing use of 

locked femoral nails to gain better control of 

rotational stability, to prevent shortening, 

and to minimize malrotation, has limited the 

possibility of using ultrasound for closed 

femoral nailing at our institute. Additionally, 

image intensifiers have become more availa-

ble at many hospitals, even in developing 

countries. Given all of that, the possibility of 

using ultrasound to assist with femoral frac-

ture reduction and nailing seems to be very 

unusual these days. Nevertheless, ultrasound 

has been employed to obtain a better as-

sessment of the trochanteric entry point for 

femoral nailing in some specific conditions.
9
 

Moreover, the recent designs of targeting 

devices to achieve distal locking screw inser-

tion in femoral nailing have been promising; 

therefore, the possibility of doing interlock-

ing nails in a relative simple femoral fracture 

might be a candidate for reducing radiation 

exposure. However, more investigation 

needs to be conducted. 
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