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ABSTRACT

Background: Metacarpal fractures either closed or open are common injuries and may account the most
common fractures in the skeletal system. These fractures can be treated conservatively or operatively
depending on the nature of the injury, fractures pattern and stability. Objective: To assess the functional
outcome of injuries of metacarpal fractures after fixation by mini external fixator. Patients and Methods:
This study was carried out on 15 patients presented with fractures in their metacarpals between February
2017 and November 2017 in the Orthopedics and Traumatology Department in Mahalla General Hospital.
The study included. The mini-external fixator was used to fix the fractures within the first 24 hours and
patients were followed up for 6-8 weeks with an average period of 7 weeks. Results: 13 patients were
satisfied with this fixation by mini external fixator with full range of motion.
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INTRODUCTION

Hand injury is extremely common and
accounts for about 15% of the attendance
at accidents and emergency (Thakur,
2008).

Fractures of metacarpals are probably
the most common fractures in the skeletal
system and are often neglected as minor
injuries (Kamath et al., 2011).

Fractures of the metacarpal bones are
the most common fractures of the upper
extremity that account 10% of total such
cases. The outer rays of the hand are most
commonly injured. The incidence of
metacarpal fractures is common in males
and peaks at the age 10-40 years when the
athletic injury and industrial exposure is
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the greatest. Unfortunately the metacarpal
fractures are often neglected or regarded
as trivial injures. The proximal phalanx of
the fingers is fractured more frequently
than middle, distal and metacarpal bones.
The  deformity  with  considerable
displacement is typical when the proximal
phalanx is fractured (Watson and
Barton, 2009).

Diagnosis of metacarpal fractures can
be made after careful clinical assessment
and radiological examination. Radio-
logical examination should include
standard anteroposterior and lateral views
of the injured bones (Wong et al., 2008).

Patterns of injuries result from the
unique anatomy of the hand. Metacarpals
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are long tubular bones with an intrinsic
longitudinal arch and a collective
transverse arch. Bones are concave on the
palmar surface and are joined proximally
and distally by ligamentous attachments
(Bloom and Hammert, 2014).

Most of the fractures are treated
conservatively, but some form of fixation
is often indicated in unstable fractures,
intra-articular fractures, open fractures,
and multiple fractures. Various implants
ranging from K-wires, mini-plates to
mini-external fixators are used to treat
these fractures ( Dailiana et al., 2009).

Even though these fractures are small
and more often neglected, these fractures
causes  significant  deformity  and
disabilities. The management depends on
the type, site, and pattern of fracture. The
treatment options are conservative and
operative. We have different types of
surgical treatments such as open reduction
and fixation with K-wires, plates and
screws, screws alone, and external
fixators. Since mini-external fixation is
less invasive and has the advantage of
treating both open and closed fractures,
we preferred mini external fixators for
metacarpal fractures. Other advantages of
external fixators are gives good stability
for fracture, easy for wound care, and
early mobilization of joints (Walter et
al., 2008).

The aim of this study was to assess the
functional outcome of injuries of
metacarpal fractures after management by
mini external fixator.

PATIENTS AND METHODS

This prospective study was undertaken
to assess the functional outcome of

injuries of metacarpal fractures after fixed
by mini external fixator.

This study was done between February
2017 and November 2017 in the
Orthopedics and Traumatology Depart-
ment in Mahalla general hospital.

The material of this study included 15
patients presented with fractures in their
metacarpals . The mini-external fixator
was used to fix the fractures within the
first 24 hours and patients were followed
up for 6-8 weeks with an average period
of 7 weeks.

A) Inclusion criteria:
1. Patients in the age group of between
10 and 60 years.
. Unstable fractures.
. Intra articular fractures and juxtra-
articular fractures.
. Open fractures.
. Comminuted fractures.
. Segmental bone loss.
. Multiple fractures.
Patients who have given their
written informed consent for the
procedure.
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B) Exclusion criteria:
1. Severely crushed hand injuries.
2. Fractures associated with Tendon
injuries.
3. Fractures associated with Neuro-
vascular injuries.

Operative Treatment:

I. Timing: All cases involved in this study
were informed about the surgical
procedure, a written consent was
obtained and all patients were operated
upon within the first 24 hours after the
initial trauma.
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Il. Technique:

Position: All patients were operated upon
while lying in a supine position.

Anesthesia: The operation was carried
out on 10 patients under general
anesthesia while the remaining 5 patients
were regionally anesthetized.

Intraoperative Fluoroscopy: Intraopera-
tive imaging was used for all patients.

Operative steps:

Insertion of Primary Kirschner Wires:
The skin and the subjacent soft tissue
were incised and one 2.7 mm Kirschner
wire was inserted proximally, and another
one distally to the fracture. Using the
Double Drill Sleeve the Kirschner wires
were inserted until their tips were
anchored in the far cortical bone and
making sure that the Kirschner wires were
aligned in one plane.

When using a drill, the Kirschner wires
were inserted at low speed so as to avoid
heat development. During the drilling
process, the Kirschner wires were cooled
with a saline or Ringer’s solution. In
proximity to joints, Kirschner wires were
inserted using the Hand drill.

Positioning of Kirschner Wires: The
anatomical situation of ligaments and
tendons of the hand requires particular
surgical caution. As a rule, the Kirschner
wires were inserted into the metacarpals
using a dorso-radial or a dorso-ulnar
approach .

Postoperative Measures:

e The hand was elevated to promote
maximal  lymphatic and  venous
drainage to minimize the edema and
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thus diminishing the postoperative pain.

e Five days course of a broad spectrum
antibiotic along with an analgesic were
prescribed.

e Early motion was encouraged within the
first 24 hours for all patients.

e Postoperative X-rays were done for all
patients before discharge.

e Active and passive movements of the
joints proximal and distal to the
fracture were continued.

e After about four weeks, a radiological
examination was done followed by
removal of critical connecting rods and
clinically testing for union. If there was
no abnormal mobility or undue pain the
frame was removed. If there is
excruciating pain and abnormal motion
at the fracture site, the frame was
continued. This was repeated a week
later and the frame was removed
depending upon the presence of pain
and abnormal mobility.

Rehabilitation: Joint mobilization was
conditioned according to the fracture
location and stability. The rehabilitation
plan was individualized for every patient
based on structural rigidity of fixation,
patient compliance and the soft tissue
edema postoperatively.

e In the securely fixed fractures, gentle
active and passive motion was allowed
as soon as tolerated by the patient.

e In comminuted, fractures the motions
were cautiously allowed three weeks
postoperatively.

Statistical analysis: Data were analyzed
using Statistical Program for Social
Science (SPSS) version 20.0. Quantitative
data were expressed as meant standard



38

IBRAHIM HUSSEIN et al.

deviation (SD). Qualitative data were
expressed as frequency and percentage.
The confidence interval was set to 95%
and the margin of error accepted was set
to 5%. So, the p-value was considered
significant when P value< or = 0.05.

RESULTS

There were patients <25 years
(20.0%), >25-35 years (33.3%), >35-40

years (20.0%) and >40-50 years (26.7%)
of age, while Female (6.7%) and Male
(93.3%) of sex.The occupations were the
worker  (66.7%),  student  (13.3%),
construction worker (6.7%), farmer (6.7%)
and salesman (6.7%) of occupation. There
were non-smoker (20%) and smoker
(80%). Mode of trauma was direct trauma
(86.7%) and high energy trauma (13.3%)
of mechanism of injury (Table 1).

Table (1): Demographic data distribution of the study group.

Demographic Data No. %
Age (years)
<25 years 3 20.0%
>25-35 years 5 33.3%
>35-40 years 3 20.0%
>40-50 years 4 26.7%
Range [Mean+SD] 13-50 [35.13+11.12]
Sex
Female 1 6.7%
Male 14 93.3%
Occupation No. %
Worker 10 66.7%
Student 13.3%
Construction worker 6.7%
Farmer 6.7%
Salesman 6.7%
Total 15 100.0%
Smoker No. %
Non smoker 3 20.0%
Smoker 12 80.0%
Total 15 100.0%
Mechanism of injury No. %
Direct Trauma 13 86.7%
High Energy Trauma 2 13.3%
Total 15 100.0%
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Affected hands were left (53.3%) and
right (46.7%) of affected hand, also
dominant (46.7%) and non-dominant
(53.3%) of dominant hand. Types of
fracture were closed (40%) and open (60%)
of type of fracture, while comminuted
(40%), oblique (6.7%), short oblique (6.7%)
and transverse (46.7%) of shape of fracture.
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Distributions of fracture were the 1st
metacarpal (6.7%), 2nd metacarpal
(13.3%), 3rd metacarpal (33.3%), 4th
metacarpal (40.0%) and 5th metacarpal
(33.3%). Deformity of fracture after
fixation was with deformity (13.3%) and
without deformity (86.7%) (Table 2).

Table (2): Affected hand, type of fracture, distribution of fracture, associated deformity.

No. %
Affected hand
Left 8 53.3%
Right 7 46.7%
Dominant hand
Dominant 7 46.7%
Non Dominant 8 53.3%

No. %
Type of fracture
Closed 6 40.0%
Open 9 60.0%
Shape of fracture
Comminuted 6 40.0%
Oblique 1 6.7%
Short oblique 1 6.7%
Transverse 7 46.7%
Distribution of the fracture No. %
1st metacarpal 1 6.7%
2nd metacarpal 2 13.3%
3rd metacarpal 5 33.3%
4th metacarpal 6 40.0%
5th metacarpal 5 33.3%
Deformity No. %
With Deformity 2 13.3%
Without Deformity 13 86.7%
Total 15 100.0%
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Satisfaction of patients after fixation were
satisfactory  (86.7%) and unsatisfactory
(13.3%) of overall end results. Duration of
radiological union were united in 6 weeks
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(53.3%), united in 7 weeks (40%) and non-
union (6.7%) of radiological union. Final end
results were excellent (66.7%), good (20%),
fair (6.7%) and poor (6.7%) (Table 3).

Table (3): Overall end results, radiological union and final end results.

Overall end results No. %
Satisfactory 13 86.7%
Unsatisfactory 2 13.3%
Total 15 100.0%
Radiological Union No. %
United in 6 weeks 53.3%
United in 7 weeks 40.0%
Non union 6.7%
Total 15 100.0%
Final End Results No. %
Excellent 10 66.7%
Good 20.0%
Fair 6.7%
Poor 6.7%
Total 15 100.0%

There were no statistically significant relations between final end results and affected

hand (Table 4).

Table (4): Statistical end results between affected hands and final end results.

Affected hand Final End Results Total Chi-square test
Excellent Good Fair Poor X2 p-value

Left No. 6 2 0 0 8

% 40.0% 13.3% | 0.0% 00% | 53.3% |2:679 | 0444
Right No. 4 1 1 1 7

% 26.7% 6.7% 6.7% 6.7% | 46.7%
Total No. 10 3 1 1 15

% 66.7% 20.0% | 6.7% 6.7% | 100.0%
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Figure (1): Antero-posterior and oblique radiographs showing Rolando fracture in the
base of first metacarpal of the right hand.

Figure (2): Intraoperative antero-posterior view off the image intensifier screen showing
the application of the three wires and an adequate fracture reduction was
achieved.

Figure (3): Immediate postoperativé antero-posterior anhoblique-radiographs showing the
reduction and the mini fixator application.

DISCUSSION active  young patients.  Metacarpal
fractures constitute 15-28% of all cases
referring to the emergency department.
Fractures of the metacarpal bones

Hand injuries are common and usually
result in metacarpal fractures. These
injuries usually occur in adolescents and
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constitute 10% of all fractures. Although
these fractures are considered minor
injuries, such injuries may cause major
disabilities ( Mohammed et al., 2011).

Failure to gain union following a
metacarpal fracture is rare, concomitant
problems present a different story
(Emmett and Breck, 2010).

Functional outcomes depend on the
severity of the injury and achievement of
the treatment.

Most of these fractures can be treated
conservatively, but in a relatively small
number of patients with unstable fractures
operative treatment is indicated. There are
two types of fixation: internal according to
Arbeitsgemeinschaft ~ fur Osteosyn-
thesefragen (AO) standards, and external
for a selected group with open unstable
fractures or severe soft-tissue injuries
(Thomas et al., 2008).

A fracture is considered functionally
stable when during clinical examination; it
is possible to actively move the fractured
digit by 50% of range of motion
painlessly. The fracture is considered
radiologically stable when the radiographs
of the fractured fragment in two planes
show  minimum angulation and
displacement. A fracture is considered
unstable if it cannot be reduced or
maintained in an anatomic or near
anatomic position without implant fixation
when the hand is placed in the safe or
functional  position  (Venkataswami,
2009).

Many techniques have been described
for surgical treatment of metacarpal
fractures including cross pinning, L
pinning, transverse Kirschner wires,

intraosseous wiring, expandable rods,
cerclages, intramedullary pinning,
external fixation, plates and screws
fixation (Ramsey et al., 2010).

We used external fixation to help to
avoid any additional injury to the bone
and soft tissues. The technique is
relatively simple, and even greater
precision is added by the use of an image
intensifier (Posner, 2011).

The wuse of external fixators in
metacarpal fractures is usually reserved
for open fractures with severe soft tissue
injury/loss. The technique is relatively
simple and avoids further trauma to the
surrounding tissues.

In this study, the mini external fixator
was used to help avoiding injury to bone
and soft tissues. The technique was
relatively simple; an image intensifier
made placement of pins more accurate and
less complications. The best site for pin
introduction was best chosen and the
operating time was reduced. In addition,
the stable frame allowed early
mobilization that improved the range of
motion, and it was easily removed as an
outpatient procedure.

The use of mini external fixator in
management of metacarpal fractures had
been increasingly stressed upon by many
authors such as (Dailiana et al., 2009)

The current study included 15 patients
presented with 15 metacarpal fractures,
their age was between 13 and 55 years,
The age of patients was ranged from 15 to
69 years; and ranged from 17 to 74 years
(Dailiana et al., 2009).
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In the presented study, 14 (60.86%)
fractures were open and nine (38.14%)
fractures were closed (Dailiana et al., 2009)
reported 23 (38.9%) patients with open
fractures.

In this work, the most common
mechanism of injury was direct trauma
either by impaction or crushing in 13
patients (80.9%) which were most
probably due to falling of heavy objects
on the hand, or indirect trauma in the form
of twisting injury in 2 patients (19.1%).
However in the study presented by Day
(2017) the most common mechanism of
injury was road traffic accident in 9
patients (25%).

In this study, all fractures were operated
in the same day of injury and time lapse
ranged from two to eight hours. However
in the study reported by Chin et al., 2008
and Dailiana et al., 2009, the time lapse
ranged between one to 20 days and from
five to ten days respectively.

In the presented study, the mean range
of union was between three and 12 weeks.
This was nearly the same as the study of
Dailiana et al. (2009) and L.i et al. (2009)
study in which union ranged between 3
and 12 weeks.

The results of the presented study were
excellent in (57.14%) and poor in (9.52%)
(Table-8). This was nearly the same
results reported by Belsky et al. (2011)
showing 12 excellent/good, 3 fair, 6 poor.
In this work, the results of metacarpal
fracture were {five excellent (23.81%)
and three (14.28%) fair); the results of
proximal phalanges (five excellent (50%),
two good (20%), two fair (20%) and one
poor (10%)} and the results of middle
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phalanges were (two excellent (40%) and
three (60%) good).

In this study, the external fixator was
removed after four weeks in three patients
(14.28%); five weeks in nine patients
(42.85%), six weeks in four (19.04%),
seven weeks in four (19.04%) and eight
weeks in one patient (4.76%); but
Dailiana et al. (2009) removed the device
at a mean of 5.8 weeks (range: 3-11) after
metacarpal fractures and 6.1 (range: 2-12
weeks) after metacarpal fractures, 3.7
(range: 2.7-6) weeks and 6 (range 5-12
weeks) respectively.

The satisfactory results in patients
where the fixators were removed after
four weeks were 100% and in those where
the fixators were removed after five weeks
were 66.7% however unsatisfactory
results were 33.3% and patients where the
fixators were removed after six weeks.
And this explains that the longer the
period of fixation the worse were the
results.

In this study, there were seven patients
(33.3%) manifested with complications
during the follow up period, which varied
from nonunion, joint stiffness, infection,
mal-union and delayed union.

Dailiana et al. (2009) had two patients
presented with superficial pin tract
infection; mal-union occurred in one
patient, three presented with reflex
sympathetic dystrophy and one patient
developed hypertrophic callus.

In the present study non-union was
presented in two of the patients (9.52%)
treated in this study. The other patient was
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a male who was heavy smoker and he had
fracture of his second metacarpal.

Non-union was also reported by
Balaram and Bednar (2010) especially
in open fractures. As regard infection it
was reported as pin tract infection by
Dailiana et al. (2009) and L.i et al. (2009)
study and also in the presented study. This
was easily controlled by dressing and
antibiotics.

In the present work, only one (4.76%)
patient had a superficial pin tract infection
which was discovered at the time of
removal of the fixator and resolved by
oral antibiotic administration for one
week.

MCP joint stiffness is a frequent problem
following the treatment of metacarpal
head fractures. This problem is minimized
by achieving a stable anatomic reduction
allowing early motion (Balaram and
Bednar, 2010).

Nearly all patients treated in this study
were satisfied with their results and returned
back to their daily activities. This was
nearly the results reported by Kollitz et al.
(2014).

CONCLUSION

Mini external fixator is an adequate
modality  for  unstable  metacarpal
fractures. It is easily applied and allows
early mobilization of the surrounding
joints which prevents stiffness. Pins
should be watched closely during the
period of fixation to avoid pin tract
infection and loosening.
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