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Abstract

Objective: To compare the effectiveness of Rush pin with long arm cast and dynamic compression plate in the
management of diaphyseal fracture of radius and ulna in adults.

Methods: The randomised control study was conducted at the Mayo Hospital, Lahore, Pakistan, from December
2012 to December 2015, and comprised diaphyseal fracture of radius and ulna cases aged 15-45 years of either
gender. The patients were divided randomly into two groups. Group A was managed with open reduction and
internal fixation with Dynamic Compression Plate, while group B was managed with closed reduction and internal
fixation with Rush pin and long arm cast. Groups were compared for age, gender, Orthopaedic Trauma Association
fracture type distribution, surgery time, amount of blood loss, union achieved, time to union and functional
outcome in terms of Grace-Eversmann criteria and the Disabilities of the Arm, Shoulder and Hand score. The
complications in the two groups were also noted. SPSS 20 was used for data analysis.

Results: Of the 60 patients, 30(50%) each were in groups A and B. In group A, there were 23(76.67%) males and
7(23.33%) females, while in group B, there were 26(86.67%) males and 4(13.33%) females. The mean age in group A
was 30.33+ 4.26 years (range 21-37 years), and in group B it was 28.60+7.69 years (range 15-45 years). There was
significant short time to union in group B compared to group A (p<0.0001). Frequency of union and functional
outcome were not significantly different between the groups (p>0.05).

Conclusion: Functional outcome and frequency of union was not significantly different between the groups, but
there was statistically significant earlier union in cases managed with Rush pin and long arm cast than those

managed with open reduction and internal fixation with Dynamic Compression Plate.
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Introduction

The forearm is a complex anatomic structure serving an
integral role in upper-extremity function.! The forearm
plays an important role in positioning of the hand in
space by flexion and extension of the elbow and wrist as
well as pronation and supination through the proximal
and distal radioulnar joints.2 The relationship between the
radius and ulna in the forearm is critical for function,
especially pronation and supination. This relationship is
so critical that the forearm has been called a "functional
joint."3 Thus, slight deviations in the spatial orientation of
the radius and ulna will significantly decrease the
forearm's rotational amplitude and thereby impair the
positioning and function of the hand.#

The average yearly incidence in adults has been reported
to be 1.35 per 10,000 population, ranging from 0 to 4 per
10,000 population depending on age and gender. Above
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the age of 20, the yearly incidence of forearm shaft
fractures remains below 2 per 10,000 people,
predominating in males throughout all age groups.>6

Motor vehicle accidents account for an important fraction
of forearm shaft fractures. It is estimated that 4% of
restrained front seat passengers involved in a motor
vehicle collision suffer a fracture of the upper extremity.6
Low-energy trauma, like falling from standing height in
osteoporotic patients, high-energy trauma, like direct
blow or that sustaining in road traffic accident (RTA), are
the main causes of diaphyseal fracture of radius and ulna.8
Fire arm injury (FAI) and sports injury are also frequent
causes.

Inadequate treatment of diaphyseal fracture of the
forearm is associated with significant limitation of motion
in forearm. Shaft fractures of both forearm bones (SFBFBs)
displace in direction depending on the direction of the
force applied externally. However, the level of fracture
with respect to the muscular attachment on radius also
dictates the radial fracture displacement. Restoring
length of bones, rotational alignment, radial bow, and
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interosseous distance between the two bones are the
main aim while treating SFBFB fracture to restore its
function.9-M

Rapid healing and the ability to remodel with growth
allow conservative management of forearm fractures in
children. However, same is not the case in adult with
forearm fracture. It is difficult to achieve and almost
impossible to maintain the anatomic reduction by closed
means.12

For an optimal result, the basic rule is that a stable
anatomic reduction with preservation of mobility must
be achieved.!
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Patients and Methods

The randomised control study was conducted at the
Department of Orthopaedic Surgery and Traumatology,
Unit-Il, Mayo Hospital, Lahore, Pakistan, from December
2012 to December 2015 and comprised patients between
15-45 years of either gender with closed fracture of
diaphysis (proximal/middle/distal third) of either radius or
ulna or both which were not open, pathological fracture
and were not associated with any primary complications.
These subjects were divided randomly by computer
random sequence generation into two groups. The
sample size was calculated in the light of literature!4
(Annexure).

Currently, open reduction and
internal fixation (ORIF) with
Dynamic Compressing Plate

Annexure:
SAMPLE SIZE:

(DCP) for the treatment of
diaphyseal forearm fractures in
adults is the most commonly
used technique and is generally
accepted as the gold standard
treatment.’314 Further, before
Arbeitsgemeinschaftfir
Osteosynthesefragen (AO) DCP,
other fixation techniques of

From the study by Keith R. Reinhardt et al (14), union at 6 months by plating is 91.7 % and that
by intramedullary nailing is 89.5%.
Total sample size will be calculated by the equation

_ 2i_qs2[P1(1=Py)+ Pz (1-P;)]
= =

n

Where
n = total number of patient in the study

these fractures were described,
such as intramedullary (IM) K-
wire fixation,'> IM nailing,16-18
and external fixation.'® They are
still relevant today, but they
have been demonstrated to be
successful only in restricted

Hence
Or,n=57

Z1—a/2 = 1.645 (for 90% of confidence level)
P1 = 0.917 (proportion of union at 6 months by plating)
P2 = 0.895 (Proportion of union at 6 months by intramedullary nailing)

d =9 (permissible error for sampling variation i.e. precision in terms of union at 6 months)

cases, with a high rate of non-
unions and additional need of
plaster casting.20

However, the disadvantages of plate fixation include a
relatively larger skin incision, interruption of bloody
supply due to wide periosteal stripping of the forearm
bone, or re-fracture following plate removal.2
Additionally, this method has some limitations in SFBFBs
with extensive soft tissue damage, severe swelling, open
fracture, segmental fracture, or a limited operation time
due to associated injuries. In order to overcome these
problems, IM nail fixation can be used as an alternative
method for overcoming these limitations while treating
SFBFBs.17.21

The current study was planned to compare the outcome
of Rush IM pins with gold standard22 DCP (plate
osteosynthesis) in diaphyseal fracture of radius and ulna
in adults.
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Baseline preoperative investigation was done to look for
the general health status of the patient and
anteroposterior (AP) and lateral views of the involved
forearm with elbow and wrist joint was obtained. Written
informed consent stating their participation in the study
into a particular treatment group was taken from all the
subjects, and approval was obtained from the
institutional review board. Groups A and B were subjected
to different treatment options (Figures-1,2). Patients were
managed with open reduction and internal fixation
(ORIF). Separate incisions were used for radius ulna where
the radius was exposed through Henry's incision23 while
the ulna was exposed through its subcutaneous border.

Patients in group B were managed with closed reduction
and internal fixation (CRIF) using Rush pin under GA
under fluoroscopy guidance and was immobilised
postoperatively by above-elbow cast. The pinning of



Figure-2: A) Anterio-posterior (AP); and B) Lateral X-ray after Dynamic Compression
Plate (DCP) application.
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radius was done through the radial styloid process and
through olecranon process in of ulna under C-arm
guidance. A long arm back slab to provide rotational
stability was applied postoperatively which was
converted long arm cast on 14th day postoperatively.

Both the procedures were done under GA in supine
position on the operating table.

For Rush pinning24 the shoulder was abducted and the
elbow flexed 900 for the nailing of the ulna, whereas for
radius, the arm was extended while making entry into the
bone. Traction was applied to reduce the fragments. A
Tcm incision at olecranon tip was made deep to the bone.
Entry was made with a curved awl. The position of the awl
was checked under C-arm in the AP and lateral views. An
ulnar nail of appropriate size (80% of medullary canal) was
selected and passed into the ulnar canal while
maintaining traction and reduction. Nail was hammered
lightly in the end to jam it in the distal end of ulna. The
end of the nail was buried just flushed to the olecranon.
Radial entry point was made just ulnar to the styloid
process using a curved awl under C-arm control. A radius
nail of size 2cm smaller than ulna was selected and bent
at the tip. Reduction is done by traction and manipulation
and rush nail is guided into proximal fragment. The
position of the nail was checked under C-arm in both
planes during the procedure. The most stable fracture
was fixed first. Patients were immobilised in an above-
elbow slab and asked to perform active finger
movements.

For DCP,25 standard Henry's approach for radius and
subcutaneous approach for ulna was used for DCP with
engagement of 6 cortices on either side of fracture. No
back slab was used postoperatively.

Patients were evaluated in outdoor department with PA
and lateral radiographs taken at 2nd and 6th week and
then at 3rd, 6th, 9th and 12 monthly. The movement of
elbow along with pronation and supination was started
depending on the degree of fracture healing. The patients
from these two groups were followed up till 12 months
postoperatively. Their functional outcome was evaluated
using Disability of the Arm, Shoulder and Hand(DASH)
score26 and Grace-Eversmann criteria?’ at the end of the
follow-up.

Also, Orthopaedic Trauma Association (OTA)28 fracture
type distribution, amount of blood loss, surgery time,
time to union and frequency of union were compared
between the groups.

All information was collected on a pre-designed
proforma, and data was analysed using SPSS 20.
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Qualitative variables, like gender, postoperative
complication, frequency of union, fracture type and
Grace-Eversmann criteria, were presented as frequencies
and percentages. Quantitative variables, like age, average
operating time, time of union, range of motion and DASH
score, were presented as mean and standard deviation
(SD). Chi square test and odds ratio (OR) with 95%
confidence interval (Cl) was calculated to find out
effectiveness of this two different modalities of treatment.

Results

Of the 60 patients, 30(50%) each were in groups A and B.
In group A, there were 23(76.67%) males and 7(23.33%)
females, while in group B, there were 26(86.67%) males
and 4(13.33%) females. The mean age in group A was
30.33% 4.26 years (range 21-37 years), and in group B it
was 28.60+7.69 years (range 15-45 years) (p>0.05). Group
A had 24(80%) OTA type A and 6(20%) OTA type B
fractures, while group B had 23(76.7%) OTA type A
fractures, 6(20%) type B and 1(3.3%) type C fracture.
Group A had 23(76.7%) patients with the right side and
7(23.3%) with the left side of the limb involved.
Corresponding numbers in 20(66.7%) and 10(33.3%).

Mean surgery time of 89.80+6.70 minutes (range: 69-
99minutes) in group A was significantly longer than
64.10+£5.65 minutes (range 50-76 minutes) in group B
(p<0.0001). The average amount of blood loss in group A
was 37.33+4.50ml (range: 30-45ml) and in group B it was
10.67+1.73ml (range: 10-15ml) (p<0.0001). Union was
achieved in all (100%) cases in group A, while 28(93.3%)
achieved union and 2(6.7%) cases ended up with non-
union in group B (p=0.168). The non-union in group B was
managed with ORIF and DCP with bone graft.

Mean time to union was 16.83+2.68 weeks (range: 12-22
weeks) in group A and 11.60+1.07 weeks (range: 10-14
weeks) in group B (p<0.0001).

Table-1: Grace and Eversman Criteria in both group.
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Table-2: DASH score in both group.

Group Mean Std. Deviation Minimum Maximum
Rush Rod with LAC ~ 12.5667 456133 3.00 25.00
DCP 14.8000 5.67754 6.00 30.00
Total 12.6833 5.53415 3.00 30.00

DASH: Disabilities of the Arm, Shoulder and Hand
LAC: Long arm cast
DCP: Dynamic Compression Plate.

According to the Grace-Eversmann criteria, in group A,
21(70%) patients had excellent results, 8(26.6%) had good
results, and 1(3.3%) patient had satisfactory result. In
group B, 25(83.3%)patients had excellent results, 2(6.6%)
had good results and 1(3.3%) patient had satisfactory and
2(6.6%) patients had unsatisfactory results. Mean DASH
score was 14.80+5.68 (range: 6-30) in group A and
12.57+4.56 (range: 3-25) in group B. No significant
difference existed between the groups in terms of Grace-
Eversmann criteria (p=0.0928) (Table-1) and DASH scores
(p=0.0984) (Table-2).

No patient (0%) had deep infection, synostosis, plate
fracture, compartment syndrome, or iatrogenic
neurological or vascular damage. No patient had
persistent postoperative pain at the end of follow-up.
Superficial infection occurred in 2(6.6%) patients in group
A and 4(13.3%) patients in group B, and all of them
recovered with local wound care and antibiotic
treatment.

Discussion

Internal fixation with plate is the commonly used method
of treatment for forearm fractures. Different studies have
shown good to excellent results with frequency of union
ranging from 96% to 98% with 85% satisfactory results;2°
97% union and 80% satisfactory function;'3 and 98%
frequency of union and 93% patient satisfaction.30

Group Frequency Percent Valid Percent Cumulative Percent
Rush Rod with LAC Excellent 25 833 833 833
Good 2 6.7 6.7 90.0
Satisfactory 1 33 33 933
Unsatisfactory 2 6.7 6.7 100.0
Total 30 100.0 100.0
DCP Excellent 21 70.0 70.0 70.0
Good 8 26.7 26.7 96.7
Satisfactory 1 33 33 100.0
Total 30 100.0 100.0

LAC: Long arm cast
DCP: Dynamic Compression Plate.
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A retrospective study of acute fractures of diaphysis of
ulna and radius in adults treated with IM nailing reported
that union occurred in 66(94%) fractures. The average
union time was 73 days. There were no delayed unions.
Non-union was seen in 4(6%) cases. The average time in
the cast was 7.9 weeks. No postoperative infection was
noted. The overall success rate was 83%. No failure of
fixation or material breakage was seen in the study.3!

Rush brothers had propagated the concept of three-point
fixation in nailing long bone fractures. The flexible Rush
pins maintain the radial curve, thus imparting stability by
three-point fixation. However, the thin nail does not
control rotation of the fracture.

The concept of radial bow maintenance was
subsequently put forth.3233 A study3' reported 94%
frequency of union with the pre-bent radial nail which
maintains the radial bow.

In a study34 in which management of diaphyseal fracture
of radius and ulna was done in 20 adults with IM rods, 70%
patients showed excellent result, 20% good results and
10% satisfactory result, according to Grace and Eversmann
criteria. The study concluded that good functional
outcome can be achieved with IM rods when used for the
management of diaphyseal fracture of forearm bones.30

Many advocated advantages of closed nailing are low
infection rate, smaller incision and scars, small amount of
blood loss, and relatively shorter operating time. Also IM
implants cause secondary periosteal callus formation
because of their stress-sharing behaviour.29

We achieved union in 28 out of 30 patients (93.3%)
compared to a study reporting 93% frequency of union
with the use of IM nails in forearm fixation.35> Two cases in
our series had non-union; which was managed with ORIF
with DCP with bone graft, and union was achieved at 3-
month follow-up. The cause of non-union was distraction
at the fracture site.

In a study, the mean surgery time was 65 minutes using
plate and screw fixation while it took 61 minutes with IM
nailing (p>0.05). The mean union time was 14 weeks in
plate and screw group, while it was 10 weeks in that
managed with nailing (p<0.05). According to Grace-
Eversmann criteria, there were excellent or good results in
18(81.8%) patients and acceptable results in 4(18.2%)
treated with plate screw fixation. There were 18(90%)
patients with excellent and good result and 2(10%)
patients had acceptable results in those treated with IM
nailing. Mean DASH scores between the two groups were
15 and 13 respectively. The two groups did not differ
significantly with respect to Grace-Eversmann criteria and
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DASH scores (p>0.05).17 These results were comparable to
those noted by the current study.

The union time in IM technique is low because of the
principle that unopened fracture haematoma favours
early union.

The current study's limitations included a short-term
follow-up and a lack of blinding. Studies with long-term
follow-up and blinding are recommended to validate the
findings.

Conclusion

There was no statistical difference in functional outcome
and frequency of union between the cases managed with
CRIF with Rush pin and long arm cast and those managed
with ORIF along with DCP for diaphyseal fracture of
adults. However, there was statistically significant earlier
union in the cases managed with Rush pin and long arm
cast than those managed with ORIF along with DCP.
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