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Abstract

Background: “Natural forces within us are true healers of désSaHippocrates Diaphyseal fractures of forearmesoare very common
orthopaedic injury. A range of products are avaddbr its internal fixation. This study was conteat with an aim to determine whether
ORIF with plates or intramedullary nailing, is altdteproduce better clinical outcome. The outcoms assesed on the basis of operating
time, union time, functional recovery, complicatiand cost to patienSubjects and Methods:The study was conducted in Muzaffar Nagar
medical college, Shyamal Trauma & child care andargi Hospital Muzaffar Nagar (U.P.), from 2009Jitne 2017Results:In all 117
patients were treated with intramedullary nailingptating of adult diaphyseal fracture of fore abwth bone and single bone. Of this 17
were discarded for various reasons and 100 wersidened for the present study. Biomechanicallypcked intramedullary nail (IM) attain
stability by a curvature mismatch between bone taednail, inducing a longitudinal interference fitcurvature misfit is large reaming is
required.Conclusion: Open reduction and internal fixation (ORIF) at presis thought to be superior method to treat dtattures. We

have used commonly available locking compressiatepland square intramedullary nail of various éians.
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Introduction

“As to the disease make a habit of two things: etpfor to
do at least no harm.”

Hippocrates

Recent advances in fracture management in fraBBfeA
(both bone forearm) have focused on minimally invas
fracture stabilization techniques. As forearm sapon and
pronation movements are initiated from the proxiraad
distal radioulnar joints, therefore Radius and Ufrzare an
important role in the movement of not only foreabut
whole upper extremit{} Over the last 40 years, anatomical
reduction with plate stabilisation has become thadard in
adult patients with diphyseal fractures of Radind &lIna.
When operative fixation has been indicated in dkéie
mature patients with these fractures a varietyeohmiques
have been reported with Intramedullary Nail (IM)&iion
becoming increasingly acceptaffe.

There is currently significant variability in treaént of
adolescent with fore arm fractufé.

Fracture of forearm are classified according toeleof
fracture, the pattern of fracture, the presencabsence of
comminution or segmental, and whether they are apen

close. Each of these factors may have some bearirtge
type of treatment to be selected and ultimate prsigf’

For descriptive purposes, it is useful to divideeborm into
thirds, based on linear dimension of Radius andaUln
Disruption of proximal and distal radioulnar jointgith
diphyseal is of greater significance to treatmemid a
prognosis but were not taken into consideratiopriesent
study and were discarded.

Conservative methods are not recommended for these
fractures. The deforming effect of muscle strength,
continuity of Radial incline and interosseous mesmier
damage are significant factors that affect theiktation
and maintenance of reductibhlt is almost impossible to
achieve sustainable and stable fixed reduction in
conservative treatment. If there is rotatory mglatent it
restricts forearm rotation, simultaneously wrisd aglbow
joint movement are affected negatively. So due to
functional and anatomic features, forearm diphyseal
fractures are different from diphyseal fractureotifer long
bones, and must be evaluated as intra articulatuira with
treatment planned accordingty.

Open reduction and internal fixation is a widelyedsand
accepted treatment method that is associated wgth fate

of union and satisfactory functional results. HoaeWRIF
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has some pitfalls. Problems of incision scar mark has
cosmetic issues , drainage of haematoma , risk of soft tissue
and periosteal damage , skin irritation of implant specially
in Ulna due to its subcutaneous nature have been reported.
The critisized aspect of ORIF has made it controversial as a
standard  treatment method. Generally nonspecific
Intramedullary nail (IM) implant have been used as an
alternative method, but they do not have locking and
compression features.*”!

In this study we conducted a comparison between
effectiveness of locking compression plating versus
intramedullary nail in treating adult diphyseal fracture of
both bones of forearm based on operating time, union time,
functional recovery, complication and patients satisfaction
as to cost.

Subjects and Methods

“He Will Manage the Cure Best, Who Has Foreseen What
Is To Happen From the Present State of Matters”

Hippocrates
Study was conducted from 2009 to June 2017 at three

centres mentioned. 117 patients were operated out of which
17 patients did not turned up for adequate follow up hence
were not included in study. One team operated for ORIF
and one team performed IM nailing. Patient were selected
for surgery randomly and due consent was taken.

Fractures with joint injuries were not taken up as were
pathological fracture and skeletally immature patients also
did not found place in our study .In adequate follow up
were also not taken into account. Gustilo type 1 and type 2
fracture were admitted and sufficient irrigation was done
before doing emergency surgery. Type 3 fractures were not
taken into consideration. So a series of 100 patients was
taken up for statistical purpose. 50 were of plating group
and 50 were of IM naling group.
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Graph 1: Distribution of Cases by Fracture Type

Blue bar shows ORIF group and red IM group.IN ORIF
group 20 (40 %) patients were closed fracture BBFA (both
bone forearm), 20 (40 %) patients were open type 1, and 10
(20 %) patient were open type 2 out of a total of 50 cases

and in IM nailing group 30 (60%) patients were closed
fracture and 15 (30%) were open type 1 and 5 (10 %)
patients were open type 2 fracture of BBFA.

Dynamic compression locking plates were used in ORIF
group and square nail were used in IM group. Union was
evaluated radiologically as bridge callous formation or
absence of fracture line and clinically as lack of pain on the
fracture line. Nonunion was considered after 6 months of
follow up if no bridge callous formation is seen. Functional
results and union evaluation were made according to the
Grace — Eversman criterion.”®! Patients satisfaction was
evaluated with the Disabilities of Arm, Shoulder and Hand
(DASH) score.”’) Questionnaire on the basis of physical
activity in the previous week and satisfaction levels.

Joint range of movement was evaluated goniometrically,
with elbow in 90 degree flexion, the forearm pronation and
supination angles were measured.

Data related to operating time, amount of blood loss,
fluoroscopic time and complication were duly noted.
Radiological data were evaluated using radiographs taken at
regular interval of I month in follow up examination up to 1
year. Union was evaluated on AP and LATERAL
radiographs .Callus formation in four cortices were
evaluated as union. The Grace — Eversman criterion, joint
range of motion (ROM) measurement were obtained from
all patients in 1 year follow up period.

Surgical Technique

All patients were treated with in 1-7 days of presentation
(mean 4.5 days) in ORIF group and within 3 days (mean 2.1
days) in IM nail group. All patient received 1 gm.
Ceftriaxone and Amikacin 500 mg. Intravenously
preoperative. Patient was put supine for both types of
surgery and tourniquet was not used in ORIF but was used
in IM nailing group.

Closed reduction was attempted in IM nailing group on
fluoroscopy compatible [Table]. With forearm in neutral
position incision was made on Olecranon to introduce nail
in it as Ulna was fixed first keeping elbow in 90 degree
flexion .After making an opening in Olecrenon with trocar,
rimmer were introduced till fracture site. After obtaining
reduction rimmer was passed in distal fragment till
appropriate distance and measurement of length was taken
and rimmer diameter as guide of marrow thickness.
Appropriate square nail was taken and put inside Ulna. The
same procedure was applied for Radius and entry was made
through Radial styloid.

In ORIF group appropriate incision was made depending
upon level of fracture. Care was taken not to strip
periosteum excessively. Plate used as fixation material was
3.5 mm locking compression plate. A plate of appropriate
size was selected according to fracture type and degree of
fragmentation. We applied compression AO principle based
on the fracture line. Fixation was made with a minimum of
two screw holding four cortices proximal to fracture and
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two screw distal to it. Following fixation and bleeding
control an aspiration drain was placed in surgical area and
wound closed. Drain was removed on 2-5" postoperative
day. No graft was used in primary surgery in either ORIF or
IM nailing group. In patients undergone IM nailing early
stage ROM exercises started after keeping part in slab for
15 days. In ORIF group also exercises started in 15 days but
arm was not supported in slab for any duration.

Table 1: Site Distribution of Cases

S.NO Fixation R Side % L side %
1 ORIF 27 54% 27 46 %
2 IM 24 48 % 26 52%

Table 2: Etiology of Fracture

S. No Cause No. Of Cases %

1 Traffic Accident 52 52 %
2 Fall 24 24 %
3 Sporting Injury 7 7%

4 Industrial Accident 12 12 %
5 Impact 5 5%

Table 3: Fracture Both Bone / Single Bone

Figure 4 & 5: IM nail in both bone fore arm and lower end of
both bone after nailing

S. No Fixation Fracture Fracture Fracture
Bb Radius Ulna

1 ORIF 32 8 10

2 IM Nailing 36 il 7

Figure 1: Preoperative fracture both bone forearm

Figure 6 & 7: Another case of both bone fracture forearm with
segmental radius and Nailing team with both bone forearm
fracture

Figure 2: Rimmer Being Used Inulna

Figure 8 & 9: Rimmer IN Ulna and Trochar IN Ulna

Figure 3: Intramedullary Nail In Ulna

i)

Figure 10 & 11: Nail in Ulna & Radius Marrow Being Opened
UP

Figure 12 & 13: Rimmer in Radius & Nail In Both Bone
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Figure 14 & 15: Nail In Both Bone, Both Bone Fracture

Figure 16: Nail in Ulna, Rimmer In Radius

Figure 17: Nail in Both Bone

Figure 19: Preoperative and Postoperative X-Rays of Fracture
Both Bonr Forearm

Results
“Cure Some Time, Treat Often, and Comfort Always”

HIPPOCRATES

According to Gustilo — Anderson, 10. Open fracture
classification in ORIF group 20 patients were suffering
from type 1 fracture and 10 were suffering from type 2
fractures and rest 20 patients were closed fracture and in
IM nailing group 15 suffered from type 1 and 5 from type 2
fracture and rest 30 were closed fractures.

The mean time to union was 14.1 weeks ORIF group (range
from 12 to 22 weeks) and 10.75 weeks (range 8 — 18
weeks) in IM nail group.

A statistically significant determined between two groups
that bone union was achieved in 100 % patients in IM
nailing group and 96 % in the ORIF group. Mean operating
time was 66.34 minutes in ORIF group 39.08 minutes in IM
nailing group.

Also DASH score were different in both group less in ORIF
group (10.9) and 12.88 in IM nailing group.According to
Grace — Eversman criteria results were excellent in 70 %
patients (35) good in 14 % cases (7) and acceptable in 16 %
cases (8).In IM nailing group excellent results were seen in
84 % cases (42 ) and good in 16 % cases (8).

No statistically significant difference was determine
between DASH score in two groups at one year period.
Data presented was after 6 months of follow up and no
difference was observed between groups with respect to
measurement of degree of supination and pronation and at
one year were identical. Bleeding amount was significantly
lower in IM nailing group (22.2 ml) than ORIF group
(80.89 ml). The two group were not significantly different
in terms of fracture type, open fracture, wrist ROM. In IM
nailing group duration of hospitalisation was average 3 days
(range 2- 7 days) and for ORIF group was average 5 days
(range 3 — 12 days). Time spent under surgery was less in
IM nailing group than ORIF group. Though it was not
significant but all values were on the lesser side in IM
nailing group.

Fluoroscopic guidance was used more in closed IM nailing
and quite less in ORIF were it was done to check length of
screws and bone plate relation. So nailing required more
Fluoroscopic time.

No iatrogenic bone, tendon, vascular or nerve damage
developed in any patient in either groups during operation.
Post-operative superficial infection developed in two patient
in ORIF group which subsided with antibiotic therapy
guided by culture sensitivity .In the same group two cases
of nonunion were seen at 6 and 9 months. So autogenous
bone grafts taken from iliac wing were applied. Both united
well but as they required second surgery so primary surgery
union rate was taken as 96 % in Plate Osteosynthesis.
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Table 4: Results on Different Parameters

S. Parameter Orif Group Im Nail
No Group
1 Flouroscopy Less Than 2 6.7 Minutes
Minutes
2 Surgical time avg 66.34 Minutes 39.08 minutgs
3 Union Time Avg. 14.1 WEEKS 10.75 Weeks
4 Bleeding During Surgery 80. 89 ML 22.2 ML
5 Dash Score 10.90 12.88
6 Grace — Eversman Ratio |( 35 CASE (70 %) | 42 CASE (84
%) 7 CASE (14 %) | %)
A-Perfect 8 CASE (16 %) | 8 CASE (16%)
B-Good NO CASE NO CASE
C-Acceptable NO CASE
D — Unacceptable
7 Post-Operative ~ Rom
Supination
Pronation 76.18 78.09
86.02 87.92
8 Elbow Joint Rom 14417 Degree| 148. 63 Degree
Flexion Avg. Avg .
Extension 82 Degree Avg. 1.58 Degree
Avg.
9 Wrist Joint Rom 80.08 Degree| 79.7  Degree
Dorsiflexion Avg. Avg.
Palmar Flexion 73.07 Degree| 75.64 Degree
Avg . Avg.

In IM nailing group one case developed superficial
infection which healed without any further untoward
complication. At least 4 cases in this group touke than

4 months but bone eventually united without swalic
intervention so union rate was 100 %.At the fir@ldw up
the patients had no subjective complaints.

No mechanical irritation, implant failure, synossosor
compartmental syndrome developed in any patieeithrer
group .In 6 patient in ORIF group and 2 patientsiNh
nailing group implant was removed at patients retjaéer

a period of more than 1 and ¥z year.

Discussion

“l Have Clearly Recorded This ; For One Can Leaono
Lesson Also From What Has Been Tried But Clearlyt No
Succeeded , When It Is Clear Why It Has Not Sucegéd

HIPPOCRATES

The current treatment for adult diaphyseal fractise
surgery as conservative management did not yietpbexd
results. Many aspects of ORIF have been criticiaed
there are complication so this is also not a preemethod
to treat alway$” The search for alternative method to
ORIF has been in the due process .

Plate fixation or ORIF can achieve recovery of anat
relationships such as length of both bones, ratatio
alignment , radial bowing and interosseous spatedsn
Radius and Ulna as it gives chance to reduce fradtu
most precise manner. Also because fractures amrd fix
rigidly early motion of the forearm can be allowedwhich

is helpful in
Disadvantage are large skin incision, disruptionbtzfod
supply caused by extensive soft tissue dissection o
refracture after plate removal.

Although IM implant have been attempted from tinoe t
time as an alternate treatment .Intramedullary wa# first

recovery of the function of forearm.

reported in 19182 Using nonspecific material  (first
generation) such as k wire , Rush pin, and Steinpian
Sufficient rotational stability could not be achéel with
these materials. Intramedullary treatment causel fate

of non-union. The first nail design which took tfegearm
anatomy into account (second generation) was by $ag
1959™ The nail was design with anatomic features that
enable it to maintain rotational stability . Howeewthere
was no locking or compressive features. As fracture
stability could not be achieved so additional figat
material were required and nonunion were seen. TWis
implant did not find a place of sufficient use nedatment.
Just as it is today ORIF has always been an addepta
method for treating adult fracture both bone fomear
However this did not prevented researchers from
developing new IM implants with anatomic and
biomechanical analysis of the forearm bones aseaefe
(third generation). The possibility of stronger atnal
stability is provided with anatomic design of third
generation nail8** We have used square ulna nail and
bevelled square Radius nail. Which was moulded to
provide 3 point fixation .More over interest in INRiling
renewed because of Image Intensifier which has ddde
advantages of closed reduction with internal fiosati

The basic aim of surgical treatment of forearm diseal
fracture is to provide stable axial and rotatiostability. To
achieve excellent rotational results, the acceptabtial
angulation must be > than 10 degree. 16. Evendfata
bowing and interosseous gap are fully restoreda& been
reported that rotational functional results coulce b
limited*” Anatomic reduction is obtained with open
reduction which results in optimal repair of axdiignment

, radial incline and interosseous gap . Forearmnkiling
treatment differs from all nail application in othing
bones, as there are no anatomic land marks prayvidin
guidance for rotational alignment.

In fluoroscopic imaging of rotational reduction, eth
continuity of the cortical distance in the distadgproximal
area of the fracture can be evaluated. There te lit
subcutaneous tissue support of the Ulna so whilegdid/
nailing axial and rotational alignment can be cleecly
palpation. However, in ORIF it may be necessaryowsn
the implant because of mechanical irritation oftgland
screws .Greater soft tissue support in the Radiakes
correction of reduction and Radial bowing moreidifft.*®!
There are two curvatures one in coronal plane dheran
saggital plané!

It is necessary to take these curvatures into atcatien
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the nails to

preoperatively
intramedullary anatomy. In the current study Radiafis
were shaped parabola. Elasticity of nail and 3 {pixation

shaping appropriate

principle of parabolic shape rotational stabilityasw
achieved. In addition, by conforming to the Radiailving
the optimal intesosseous space was formed.

Few studies have compared ORIF and IM nailing tneat
results in forearm diaphyseal fractures. Theseiasuldave
compared, in particular, union status, time to onand
functional evaluation criteria. Anatomic and close
anatomic reduction is obtained with ORIF. Axial and
rotationally rigid stable fixation is obtained. Hewer
drainage of fracture haematoma has negative effect
union and it has been reported that excessivetisstte and
periosteal stripping could cause union problemsse0ss
feeding is impaired due to super periosteal pressifr
conventional plates and effects negatively on uniRiek of
refracture is increased due to cortical atrophy ciwhi
develops in  the screw application areas. lteisessary to
apply immobilisation, regardless of the stability the
fixation. Cosmetic problems may also develop witlggcal
approach®®® ORIF causes more bleeding but there is no
fluoroscopic guidance required for open surgical
intervention is an advantage. If used at all foeaking
length of screw and plate placement on bone ithmsaid
that exposure to radiation is drastically less thdrgroup.
Despite of these advantages / disadvantage of gthoah
union rate of 96 % was achieved in this seriesg@adi7 %

to 98%)“®?ITime to union has been reported between 14
weeks to 33 weeks. We had average union time tkeks
taken radiologically. Functional evaluation resgjenerally

at satisfactory levelé?% Bleeding time in the plate group
was measured 80.89 ml (range 38 ml to 252 ml). mkan
operating time was 66.34 minutes (range 37 to 109
minutes).

Im nailing very little soft tissue damage in sudjic
application and provide cosmetic superiority aneebing is
much less 22.2 ml average. IM implant generally ehav
property of stress distribution and stronger catiasue is
formed. An important cosmetic advantage is that the
implant can be removed from the same incision. Lerg
protected in segmental forearm fracture. Howevgosure

to radiation is a significant disadvantage. Immishtion
period is shorter due to more soft tissue suppmtduse of
less requirement of tissue dissection). Nailingtiment is
contraindicated in patients who have open epiphylges
when there is infection and if marrow is less tBgmmm in
diameter.

In IM nail application , union rate of 94 % - 100&nd time

to union 10 weeks to 4.4 months have been rep8ft&d*!
Good functional have been reported similar to plate
osteosynthesis . In the present study 100 % unies w
achieved at a mean time period of 10.75 weeks é&dhg
weeks to 22 weeks). The amount of bleeding in IMugr
was 22.2 ml (range 10 ml to 78 ml.) The mean dpeya

time was 38.08 minutes (range 25 minutes to 68 teg)u

A statistically significant difference was determih
between two groups with respect to time for surgenye to
union and amount of bleeding. No significant difiece
was determine with respect to radiological and tiomal
outcome (Grace — Eversman criteria), DASH scora an
functional joint range of movement [Table 4). Theer
time to union of IM group compared to ORIF couldvda
been due to not draining the fracture haematomaeanigt
mobilisation. As IM method is less invasive, thecamt of
bleeding is reduced. As no dissection of soft #sssl
required body has less to heal. Controlled exposu@RIF
was thought to have prolonged the operating time.

The areas of application of both treatment methcaisy
potential risks. In the proximal Radial diaphysé&aktures
the Posterior Intreosseous Nerve is at fi8kThere is risk
of damage in open reduction during surgical exposurd

in IM nailing during locking. But in current series no
locking was done and due to careful dissection awnhto
nerve was done during ORIF. In the area of nailiagfion

in Radius Extensor Pollicis Longus tendon and digial
branch of Radial nerve are at rfé%.No such complication
were seen in present study even in followup up yeds.

The removal of the internal fixation material usefier
union is controversial. In open or fragmented fuees or
those that have resulted from high energy traumtaenw
there is insufficient compression or reductionragimented
fracture and when there is another fracture in same
extremity, the rate of refracture has been reported
increasé?” In current study implant were removed after at
least one year after surgery on patient requepati&nt in
ORIF group and 1 patient in IM group implants were
removed.

Conclusion

“The Life So Short; the Craft So Long To Learn”

HIPPOCRATES

The current treatment method for adult diaphysesdtéire

is ORIF. The results of present study showed IMingi
treatment to be superior to ORIF with respect tesle
operating time, less blood loss, early union anebdgo
functional results. However no difference betwelea two
methods was found at the end of one year. Due ddesh
operating time, shorter time to union and cosmetic
advantage IM nailing treatment can be considereddgo
alternative method to ORIF in the treatment of adul
forearm diaphyseal fracture.

As we had two surgical team separately for eadhetwo
surgery their expertise lead to no iatrogenic cacagibns.
This also shows that one particular surgical ted&mukl
devote itself to one type of surgery to excel inthts
providing much relief to patients.

Though cost did not matter in treatment but IM ingil
costed much less than plating.
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