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Objectives—To investigate the value of ultrasound-guided closed reduction and
minimally invasive fixation in the treatment of metacarpal fractures.

Methods—Twenty-four patients with acute metacarpal fractures were randomly
divided into experimental and control groups, with 12 patients in each group.
Ultrasound-guided closed reduction and fixation were performed in the experimen-
tal group, whereas C-arm fluoroscopy-assisted fixation was performed in the control
group. Patients in both groups were followed to compare the treatment efficacy.

Results—The success rates of ultrasound-guided closed reduction of fractures
were 75.00% (9 of 12) in the experimental group and 83.33% (10 of 12) in the
control group, and the difference was not statistically significant (y* = 0.253;
P = 61S5) between the groups. The mean numbers of C-arm fluoroscopy-
assisted procedures = SD were 1.50 &= 0.67 times in the experimental group
and 2.50 £ 0.80 in the control group, and the difference was statistically signi-
ficant (t = -3.317; P =.003). The mean healing times of fractures were
547 £ 0.67 weeks in the experimental group and 5.73 &£ 0.81 weeks in the
control group; the excellence rates of total active motion were 83.33% (10 of
12) in the experimental group and 91.67% (11 of 12) in the control group; the
mean grip strength values were 31.78 &+ 3.13 kg in the experimental group and
3343 £ 3.30 kg in the control group. There were no significant differences in
those 3 parameters between the groups (P > .05 in each comparison).

Conclusions—Ultrasound-guided closed reduction and minimally invasive fixa-
tion is an effective treatment of metacarpal fractures and can reduce exposure to
x-ray radiation.

Key Words—closed reduction; fracture; metacarpal bones; minimally invasive
surgery; ultrasound

etacarpal fractures are common in clinical practice. The
l\ /I treatments include open reduction, secondary internal
fixation removal surgery, trauma surgery, and extensor
tendon delay.' As one of the commonly used clinical treatments,
closed reduction with Kirschner wire fixation under fluoroscopy is a
minimally invasive surgical procedure with a good fixation effect that
allows early functional exercises and no need for internal fixation
removal surgery.” However, there are also disadvantages, such as
x-ray exposure during surgery for both surgeons and patients.
Ultrasound (US) imaging is a convenient method without
radiation that can be used for real-time, dynamic, multidirectional
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scanning. In recent years, US has been widely used in
the diagnosis of lesions in the muscle, bone, joint,
synovial sac, tendon, and peripheral nerves. Ultra-
sound has also had great clinical value in the diagnosis
of hand fractures and tendon, muscle, palm, nerve,
and collateral ligament injuries.>™"* It has also been
applied to the reduction of children’s limb fractures
and Kirschner wire fixation'>™'® and has achieved
good results. Ultrasound is also valuable in terms of
preventing ulnar nerve injuries resulting from closed
needle threading of supracondylar fractures of the
humerus.'” Research indicates that high-frequency
US has high sensitivity and specificity in the assess-
ment of hand fractures.”® However, there are few
reports on its use in the treatment of metacarpal frac-
tures in adults. We attempted to conduct a clinical
study of US-guided closed reduction and minimally
invasive Kirschner wire fixation of metacarpal frac-
tures in adults, and we achieved satisfactory results.
The purpose of this study was to investigate the value
of US-guided minimally invasive closed reduction and
fixation in the treatment of metacarpal fractures.

Materials and Methods

General Data

Twenty-four patients with acute metacarpal fractures
treated in our hospital were enrolled in this study. The
inclusion criteria were as follows: (1) untreated metacar-
pal closed fracture (fracture time < 3 weeks) or fracture
displacement after a simple reduction; (2) type of frac-
ture consistent with 1 of the 3 subtypes (Al, spiral; A2,
oblique; and A3, transverse) of type A simple fractures
in the AO classification'® that could be treated by closed
reduction; (3) age from 18 to 60 years; (4) no history
of hand injury or deformity; and (S) normal hand func-
tion before the injury. The exclusion criteria were as fol-
lows: (1) pathologic fracture; (2) old fracture (fracture
time > 3 weeks); (3) severe comminuted fracture that
could not be treated by closed reduction; (4) presence
of a concurrent serious skin crush injury or vascular,
nerve, or tendon injury that needed to be treated; and
(S) patients with severe chorionic diseases who could
not tolerate anesthesia and surgery. Enrolled patients
were randomly assigned to an experimental or a control
group by a random-number table, 12 in each group, and
underwent fracture reduction by a US-guided or C-arm
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fluoroscopy-guided procedure, respectively. This work
was a prospective study. The study was approved by the
Ethics Committee of our hospital, and all the patients
signed an informed consent form.

Ultrasound Imaging

A LOGIQ_E9 US machine with a linear array trans-
ducer (6-15 MHz; GE Healthcare, Chicago, IL) was
used for multidirectional and multisectional viewing
of the fracture type, displacement of the fragment,
and surrounding soft tissue before the operation, so
that the surgeon fully understood the condition to
make appropriate surgical plans. If necessary, color
Doppler flow imaging was used to view the blood
flow surrounding the fragment ends (the scale range
was 5 cm/s, filter to the best state).

Surgical Procedure in the Experimental Group
In the experimental group, an Esaote-o protable color
diagnostic US apparatus with a high-frequency linear
array transducer (4-12 MHz; Esaote SpA, Genoa,
Italy) was used. The surface of the transducer was
covered with a medical disinfecting US gel and placed
in a sterile glove. The cable connected to the trans-
ducer was wrapped with sterile plastic film. Sterile nor-
mal saline, instead of the US gel, was applied on the
back and sides of the fracture site. Ultrasound examina-
tions were performed to view the fragment ends and
surrounding soft tissue. After longitudinal traction,
manual reduction in the opposite direction of the
fracture displacement and correction of displacement
or angulation of the fracture fragments were per-
formed. If necessary, Kirschner wire poking reduction
was performed at the end of a fracture. A Kirschner
wire can also be used to transversely pierce through
the fracture fragment and reduce the fracture with a
rotating wire technique. Ultrasound examinations were
performed to view the bone fragment alignment at the
time of reduction and to confirm the cortical bone
continuity or good cortical alignment between the frag-
ment ends. A 1.0- or 1.2-mm Kirschner wire was used
for antegrade or retrograde fixation (Figure 1).
Because US can penetrate the fracture end and
cancellous bone near the metacarpal head, a strong
echo from the Kirschner wire can be seen at the frac-
ture site and the metacarpal head near the metacarpo-
phalangeal joint; thus, the position of the Kirschner
wire can be judged. For some patients whose

J Ultrasound Med 2019; 38:2659-2666



Shen et al—Ultrasound-Guided Closed Reduction of Metacarpal Fractures

metacarpal bone density is not very high, deep
Kirschner wire echoes can also be seen through the
metacarpal bone (Figure 2). At the completion of
fracture fixation, radiography was performed to ver-
ify whether the fracture reduction was satisfactory. If
a poor repositioning (index and middle finger resid-
ual angulation deformity >10°, ring finger >20°-30°,
and little finger >30°-40°)" was noted, US-guided
reduction was repeated. Reduction under C-arm
fluoroscopy or open reduction was performed on
patients with unsuccessful US-guided reduction.

Figure 1. Metacarpal fracture reduction and Kirschner wire fixation.
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Surgical Procedure in the Control Group

The fracture was reduced by manipulation according
to the direction and degree of displacement of the
fracture fragments (same method as in the experi-
mental group). Radiography was performed to view
bone fragment alignment at the time of reduction.
If functional reduction failed, reduction under C-arm
fluoroscopy or Kirschner wire poking reduction
was performed. Once good fragment alignment was
achieved, a 1.0- or 1.2-mm Kirschner wire was used
for antegrade or retrograde cross-fixation.
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Postoperative Management

After fracture reduction by manipulation, a plaster
cast or small splint was used for fixation. After closed
reduction with Kirschner wire fixation, a plaster cast
or supportive device was used for fixation. According
to the stability of the fracture fixation, functional
exercises (flexion or extension) were started. (If the
fracture fixation is stable, functional exercises can be
started on the same day; if not, functional exercises
can be started after 3 weeks).

Follow-up

Ultrasound and radiographic examinations were
performed at 1.5, 3, 6 to 9, and 9 to 12 months after
surgery. The follow-up was completed when the frac-
tures healed. Ultrasound was used to observe callus for-
mation and fragment healing. Plain radiography was
used to observe fracture healing. At the final follow-up
after the fracture healed, the patient was evaluated for
total active motion: finger total active motion = degree
of total active flexion — restricted degree of total active
extension. In addition, grip strength was measured by
a grip meter. The assessment criteria were as follows:
excellent, normal flexion motion with total active
motion of greater than 220°; good, function recovered
to 75% of the unaffected corresponding finger with total
active motion of greater than 200° to 220°; medium,
function recovered to 50% to 75% of the unaffected
corresponding finger with total active motion of greater
than 180° to 200°; and poor, function recovered to less
than 50% of the unaffected corresponding finger with
total active motion of less than 180°.

Statistical Analysis
The SPSS version 19.0 package for Windows (IBM
Corporation, Armonk, NY) was used for the statistical

analysis. Quantitative data are expressed as mean =+
standard deviation. Independent-sample tests were
used to compare the differences between the groups.
Frequency data were compared by y” tests. P < .05
was considered statistically significant.

Results

The 24 patients enrolled in this study included
16 male and 8 female patients with a median age of
32 years (range, 18-56 years). Of the patients in the
experimental group, 6 had a diagnosis of metacarpal
shaft fractures; 4 had metacarpal base fractures; and
2 had metacarpal neck fractures. Of the patients in
the control group, 7 had a diagnosis of metacarpal
shaft fractures; 2 had metacarpal base fractures; and
3 had metacarpal neck fractures. There were no sig-
nificant differences in sex, age, or fracture type
between the groups (P < .0S; Table 1).
Ultrasound-guided closed fracture reduction
was successfully performed in 9 patients in the experi-
mental group (Figure 3), and the success rate was
75.00%. One patient with a metacarpal base fracture
and severe soft tissue swelling underwent reduction
under C-arm fluoroscopy, and 1 patient with metacar-
pal head comminuted fractures underwent open
reduction. In the control group, C-arm fluoroscopy-
guided closed reduction was successfully performed
in 10 patients, and the success rate was 83.33%. One
patient with a metacarpal base comminuted fracture
and 1 patient with metacarpal shaft comminuted frac-
tures underwent open reduction. There was no signif-
icant difference in the success rate of reduction
between the groups (Table 2). The mean numbers of

Figure 2. Ultrasound images of a metacarpal fracture reduction in a 36-year-old male patient with a fifth metacarpal fracture of the right hand.
A, The Kirschner wire can be seen deep in the metacarpal head. B, The Kirschner wire can be seen at the fracture site. Kirschner wire echoes
can also be seen through the metacarpal bone. MH indicates fifth metacarpal head; white arrows, fracture site; and yellow arrows, Kirschner wire.
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C-arm fluoroscopy-assisted procedures performed in
the experimental and control groups were 1.50 &
0.67 and 2.50 £ 0.80, respectively. The difference
was statistically significant (Table 3).

The follow-up period was between 6 and 12 months
with a median of 9 months. At 1.5 months after surgery,
7 patients (58.33%) in the experimental group and

6 patients (50.00%) in the control group were exam-
ined by US, and callus formation between the fractured
ends was noted. The number of patients with callus for-
mation was not statistically significant different between
the groups (x* = 0; P > .99). Excellent fracture healing
was achieved in both groups (Figure 4). Radiography
showed that the fractures were functionally reduced.

Table 1. Comparison of Sex, Age, and Fracture Site Between the Groups

Sex, n (%) Fracture Site, n (%)
Group n Female Male Age,y Middle Basal Neck
Experimental 12 3(25.00) 9 (75.00) 32.83 £ 11.00 6 (50.00) 4(33.33) 2 (16.67)
Control 12 4(33.33) 8 (66.67) 3450 + 10.43 7 (58.33) 2 (16.67) 3(25.00)
t=0381 2= 0.958
P> .99 P =.707 P =619

Figure 3. Images from a 32-year-old male patient with a fifth metacarpal fracture of the right hand. A and B, Ultrasound images of the fifth
metacarpal fracture before (A) and after (B) reduction. Radiographic assessment of the fifth metacarpal fracture before (C) and after (D)

reduction. Arrows indicate fracture site; and M5, fifth metacarpal.

J Ultrasound Med 2019; 38:2659-2666
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The mean healing times were 5.47 £ 0.67 weeks in
the experimental group and 5.73 £ 0.81 weeks in the
control group. In the experimental group, the total
active motion scores were excellent in 8 patients
(66.67%), good in 2 patients (16.67%), and moderate
in 2 patients (16.67%). The excellent and good rates
were 83.33% (10 of 12). In the control group, the total
active motion scores were excellent in 8 patients
(66.67%), good in 3 patients (25.00%), and moderate
in 1 patient (8.33%). The excellence rate was 91.67%
(11 of 12). The mean grip strength values were
31.78 £ 3.13 kg in the experimental group and
33.43 £ 3.30 kg in the control group. There were
no significant differences in the fracture-healing time,
total active motion score, or mean grip strength
between the groups (Tables 2 and 3).

Discussion

In recent years, with the continuous advancement of
US technology and its extensive application in the
musculoskeletal field, US is not only widely used in the
diagnosis of hand fractures and injuries of muscles, ten-
dons, palms, nerves, and collateral ligamentsf’lo but
also can be used to assist in closed reduction and
fixation of fractures,”®*" especially for the diagnosis
and closed reduction of limb fractures in children.'*™'®
These studies have confirmed the advantages of

Table 2. Comparison of Excellence and Success Rates Between
the Groups

Group n Excellence, %° Success, % (n)
Experimental 12 83.33 75.00 (9/12)
Control 12 91.67 83.33 (10/12)
¥ 0.381 0.253

P 537 .615

®Total active motion.

US and its value in fracture reduction treatment. In
addition, our recent research also shows that high-
frequency US cannot only be used in the diagnosis of
nasal bone fractures but also has high clinical value in
guiding treatment.”>** In this study, the success rate of
US-guided closed reduction and fixation was 75.00%
(9 of 12) in 12 patients with metacarpal fractures in
the experimental group. We noticed that US was good
for viewing metacarpal shaft fractures and contributed
to a high success rate of reduction of this type of frac-
ture. Fractures at the metacarpal base and neck, espe-
cially comminuted fractures, can interfere with US
diagnosis because of bone irregularities that can cause
multiple echo reflections. In this study, 2 patients (one
with a metacarpal base fracture and soft tissue swelling
and the other with a metacarpal head comminuted
fracture) had failed reduction under US guidance and
underwent reduction under C-arm fluoroscopy. For
those who have soft tissue incarceration between the
bone fragments, the success rate of closed reduction is
low, and open reduction is often required. In this
study, 2 patients in the control group had failed closed
reduction and had to undergo open reduction. The
reason for failure in one of them (with a metacarpal
head fracture) was incarceration of soft tissues between
the fragments; in the other (with a metacarpal base
comminuted fracture), a complex fracture of the meta-
carpal base, multiple echo reflections, and severe injury
to the surrounding soft tissue were blamed for causing
failure of completely closed reduction. Because the
metacarpal bone is small, radiography may not easily
show callus formation. This study has shown that high-
frequency US can show callus formation in the early
stage of fracture healing (~1.5 months), as well as the
blood flow signal at the sites of the callus formation.
This study has also shown that there were no signifi-
cant differences in the fracture-healing time, total active
motion score, or grip strength between the groups
(P> .05 for each comparison), suggesting that US-

Table 3. Comparison of Fracture-Healing Time, Number of C-Arm Fluoroscopy-Assisted Procedures, and Postoperative Grip Strength

Between the Groups

Group n Healing Time, wk C-Arm Procedures, n® Grip Strength, kg
Experimental 12 5.47 + 0.67 150 + 0.67 3178 £3.13
Control 12 573 £0.81 2560 + 0.80 3343 £330

t -0.852 -3.317 -1.256

P 403 .003 222

#0One procedure included anteroposterior and oblique views.
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guided closed reduction and minimally invasive fixation
of metacarpal fractures is an effective approach.

However, the obvious limitation of this study was
that the sample size was too small. We only con-
ducted a preliminary study on 24 patients with differ-
ent types of metacarpal fractures. Because there are
no similar studies in this field, we had no experience
and methods to refer to. We expect that our team or
other authors will have a larger sample size and more
in-depth research in future work.

Ultrasound-guided fracture reduction has the fol-
lowing advantages: (1) No radiation is involved during
a US examination. Thus, this procedure can also be
used for pregnant women or children who are sensitive
to radiation injury. (2) Ultrasound produces high-
definition imaging of soft tissue, which can display
subtle tissue structures and has great diagnostic value
for occult fractures.”* Neri et al” suggested that US
can show a fracture displacement as small as 1 mm.
(3) Ultrasound can clearly show the courses of blood
vessels and nerves and thus avoid iatrogenic injury.
During reduction of a hand/wrist fracture, the periph-
eral nerves of the hand/wrist can be injured as well.
High-frequency US can clearly display peripheral nerves
of the hand/wrist, and the use of US can prevent
them from injury.*® (4) Ultrasound can show fracture
fragments and assess fracture reduction in a

multidirectional, multiangle, real-time dynamic scan.
Thus, the position of the fragment can be -easily
adjusted until reaching a satisfactory reduction.
(5) Ultrasound can be used to determine whether there
is soft tissue incarceration between fracture fragments
after reduction. (6) Ultrasound can be used to view cal-
lus formation during fracture healing. However, US
cannot penetrate the bones to show an overall perspec-
tive of bones and intramedullary conditions. Therefore,
the drawbacks of US in diagnosing fractures and guid-
ing fracture reduction are as follows: (1) It is difficult to
assess the alignment of comminuted fractures, neck, or
base fractures because of multiple crossings, overlay of
the strong cortical echo reflection, and irregularities in
the surface of the bone. (2) The metacarpal bones are
small and tightly arranged, and soft tissue swelling after
fracture decreases the operating space of a US trans-
ducer. Missed diagnoses and misdiagnoses are very
common in the diagnosis of second, third, and fourth
metacarpal fractures. (3) The uneven bone surface of
the joints causes overlapped echo reflections. Moreover,
the joint surfaces are located at the sites where the two
bone segments are connected. Ultrasound images can-
not show a complete view of the joint surface, limiting
the application of US in the diagnosis of fractures with
intra-articular extensions.”” A US examination is not
applicable to patients with open fractures and severe

Figure 4. Ultrasound images from a 21-year-old male patient with a third metacarpal fracture of the left hand. A, Image before reduction. B,
Image after reduction. C, At 1.5 months after the procedure, a partial bone scab and blood flow signal (arrow) were seen in the fracture
gap. D, At 6 months after the procedure, the fracture was completely healed. M3 indicates third metacarpal.
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soft

as a
ture

tissue injury and those with external fixation, such
plaster cast or splint. (4) Ultrasound-guided frac-

reduction is more dependent on the surgeon’s

hand skill and experience.”®

tion

In summary, the use of US-guided closed reduc-
to treat metacarpal fractures has advantages,

including no x-ray radiation and a high success rate of
reduction. This procedure is easy to perform and
worthy of promoting its clinical application.
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