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ABSTRACT

Forearm fractures continue to pose significant medical issues because they disrupt upper limb movement and require
surgical teams to restore bone structure to its original state. This study prospectively examined how intramedullary nailing
and plate osteosynthesis affected the functional and radiological results of adult patients undergoing treatment. The study
involved 68 patients who were assigned to two groups and monitored for 12 weeks while their progress was evaluated
through surgical data and their healing results and any problems they encountered and their functional progress which was
measured by the Modified Grace and Eversmann Scoring System. The study results showed that intramedullary nailing
required less time for surgery while it achieved faster fracture healing because of its less invasive design whereas plate
fixation maintained constant anatomical positioning. The two methods achieved similar functional results because their
overall score and grade distribution showed no statistically significant differences. The two groups experienced minimal
complications which showed different patterns according to the surgical methods used. The research results demonstrate
that both intramedullary nailing and plate osteosynthesis serve as effective treatment methods while clinical assessment
and fracture details and patient requirements should determine which method to use.
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to fix forearm fractures are intramedullary nailing (IMN)

INTRODUCTION

Forearm fractures pose as a major medical problem
because these fractures occur frequently in both children
and adults.! The forearm bone structure which includes
both the radius and ulna bones serves as an essential
element which allows complete upper limb movement
through its ability to enable both pronation and
supination.? The fractures happen because of high energy
traumas from motor vehicle accidents and because
osteoporotic patients experience low energy falls as
another common type of injury.® The treatment methods
for forearm fractures have changed since past times
because current medical practice requires surgical
procedures to treat displaced adult fractures which need
to restore bone alignment and achieve maximum
functional results.* The two main surgical methods used

and plate osteosynthesis, which have become the most
common choices.® The traditional gold standard for plate
fixation involves dynamic compression plates (DCP) and
locking compression plates (LCP) because these devices
deliver stable fixation while restoring bone alignment.®
The method requires surgeons to perform extensive soft
tissue dissection, which increases the possibility of
infection and delayed healing along with the risk of
refracture after removing the surgical hardware.”
Intramedullary nailing provides a less invasive treatment
option which maintains blood flow to the bone while
reducing damage to soft tissues and enabling patients to
start moving again.® The use of IMN presents difficulties
which include issues with rotation and hardware
problems that occur especially with forearm fractures in
their distal section.® The medical community has not yet
reached a conclusion about which method, plate fixation
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or intramedullary nailing, delivers better results because
different studies show different results about their
effectiveness in producing successful unions and their
rates of complications and their impact on patient
functioning. Some researchers support plate fixation
because it offers better mechanical strength, while other
researchers argue that IMN delivers similar outcomes
with fewer risks.® The primary factors that determine
treatment effectiveness at hospitals depend on three
assessments which include range of motion and grip
strength assessment and patients' ability to resume their
normal daily activities. The existing literature lacks
sufficient high quality prospective studies which directly
assess the two treatment methods through direct
comparison. The findings from previous studies have
produced conflicting results. The study conducted by
Khateeb et al. (2017) showed that patients who
underwent intramedullary nailing experienced shorter
surgery times and achieved faster bone healing than those
who received plating treatment.!* The study conducted

by Ambhore et al. (2018) showed that both surgical
methods produced good outcomes but most doctors
preferred plate osteosynthesis as their primary method to
treat forearm fractures.’> The research conducted by
Gude et al. (2019)* found that patients who received
dynamic compression plating achieved better functional
results than those who received interlocking nailing. The
research conducted by Box et al. (2024)Y used
systematic review and meta-analysis methods to show
that IMN resulted in shorter surgical procedures and
fewer total complications when compared to open
reduction and internal fixation. The current research
assessed functional results for patients with forearm
fractures treated through two distinct methods: plate
fixation and intramedullary nailing. The Modified Grace
and Eversmann Scoring System assessed functional
outcomes through its evaluation of pain and range of
motion and strength and functional ability. The study
analysed secondary outcomes through three metrics:
time to radiographic union and complication rates and
patient satisfaction. The prospective study design
established strong evidence for clinical decision-making
which led to better results for patients with forearm
fractures.

MATERIALS AND METHODS
Study Design and Setting

The study observed patients for 18 months at Ananta
Institute of Medical Sciences and Research Centre which
operated an Inpatient Department at its Orthopaedics
Department. We aimed to compare the functional and
radiological results of two treatments for forearm
fractures which included intramedullary nailing and plate
osteosynthesis. The sample size was determined using
the formula for comparative studies with the following
assumptions: 95% confidence level (Z = 1.96), power of
80%, and an expected effect size based on prior literature.
The minimum required sample was calculated to be 61
patients (30.5 per group). A total of 68 patients were
selected for the study because we anticipated 11 percent
of participants would drop out during the research
process. The study included patients who were

18 years old or above and had both bone forearm
fractures or isolated radius or ulna fractures or Galeazzi
and Monteggia fracture dislocations. The study excluded
patients who had pathological fractures, open fractures
(Gustilo-Anderson Grade I-111), or prior surgical fixation
of the affected forearm. Study participants were divided
into two separate treatment groups. The intramedullary
nailing group received treatment with titanium elastic
nails (TENS) and rigid intramedullary devices through
fluoroscopic guided closed reduction which maintained
both fracture hematoma and periosteal blood supply. The
plating group received open reduction and internal
fixation (ORIF) through dynamic compression plates
(DCP) and locking compression plates which initiated
anatomic reduction to achieve absolute stability through
compression at the fracture site. The medical staff
conducted all procedures under general or regional
anesthesia while following standard aseptic methods and
administering prophylactic antibiotics before surgery and
thromboprophylaxis protocols according to institutional
guidelines. Two methods were used to achieve radius
exposure through either the volar Henry approach or the
dorsolateral Thompson approach while using a
subcutaneous method to expose the ulnar area. The
patients received postoperative treatment through two
weeks of splint immobilization which were replaced with
active physiotherapy that allowed them to move while
they followed weight bearing restrictions based on their
fracture stability and X-ray indicators of recovery. The
assessment process for patients included multiple
evaluations that focused on two main assessment times
which occurred six weeks and twelve weeks after their
surgical procedures. The radiological assessment used
standard anteroposterior and lateral radiographs to
measure callus formation and determine fracture union
through observation of bridging callus presence on three
of four cortices at orthogonal views while verifying that
no screw loosening or implant failure occurred. The
Modified Grace and Eversmann Scoring System was
used to evaluate functional outcomes which assesses
supination and pronation range of motion and six-week
radiological union and elbow range of motion to
determine final grades of excellent good fair or poor.
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Figure A and C show pre-
operative radiographs of
forearm fractures, while
figures B and D show
post-operative radiological
fixation and clinical
outcome.

The research study followed all guidelines established by the Declaration of Helsinki. The Institutional Ethics Committee
of Ananta Institute of Medical Sciences and Research Centre (No. AIMS/IEC/2024/172) granted ethical approval for the
study after researchers obtained written informed consent from all study participants before they joined the study. It was
assured to protect the patient privacy throughout the entire study period by removing all identifying details and safeguarding

data in secure storage facilities.

RESULTS

A total of 68 patients with forearm fractures were
enrolled in this prospective comparative study, with 34
patients allocated to the intramedullary nailing (IMN)
group and 34 patients to the plating group. All patients
completed the minimum follow-up period of 12 weeks.
The demographic and baseline characteristics were

which the two study groups possessed. The nailing group
had an average patient age of 45.79 years with a standard
deviation of 11.30 years. The plating group had an
average patient age of 42.30 years with a standard
deviation of 8.75 years. The two groups displayed a
gender distribution that showed a slightly higher number
of females in both groups because 58.82 percent of the
nailing group and 55.88 percent of the plating group were
female but this difference did not reach statistical
significance (p = 0.81). The two groups displayed equal
residential distribution between urban and rural areas
because 55.88 percent of the nailing group lived in urban
areas while 47.06 percent of the plating group lived in
urban areas (p = 0.47). The two groups displayed similar

comparable between the two groups, with no statistically
significant differences observed.

Demographic and Baseline Characteristics

Table 1 presents a summary of the demographic data
together with the initial characteristics

educational distribution together with their socio-
economic status because the p-values reached 0.205 and
0.645 respectively. The nailing group had 58.82 percent
Hindu members while the plating group had 61.76
percent Hindu members (p = 0.803). The two groups had
similar fracture side distribution because 52.94 percent of
nailing group members had right-sided fractures while
44.12 percent of plating group members had right-sided
fractures (p = 0.467).

Table 1: Demographic and Baseline Characteristics of
Study Participants
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Parameter Nailing Plating p-
Group (n=34) Group value
(n=34)
Age (years) 4579+11.30 4230875  0.183
Gender 0.81
Male 14 (41.18%) 15 (44.12%)
Female 20 (58.82%)) 19 (55.88%)
Area of Residence 0.47
Urban 19 (55.88%) 16 (47.06%)
Rural 15 (44.12%) 18 (52.94%)
Education 0.205
Primary 5 (14.71%) 2 (5.88%)
Secondary 5 (14.71%) 12 (35.29%)
Higher Secondary 10 (29.41%) 7 (20.59%)
Graduate 8 (23.53%) 10 (29.41%)
Post Graduate 6 (17.65%) 3 (8.82%)
Socio-economic 0.645
Status
Lower 8 (23.53%) 7 (20.59%)
Lower Middle 6 (17.65%) 10 (29.41%)
Upper Middle 11 (32.35%) 11 (32.35%)
Upper 9 (26.47%) 6 (17.65%)
Religion 0.803
Hindu 20 (58.82%) 21 (61.76%)
Muslim 14 (41.18%) 13 (38.24%)
Side of Fracture 0.467
Left 16 (47.06%) 19 (55.88%)
Right 18 (52.94%) 15 (44.12%)

Injury Characteristics

Table 2 presents the injury characteristics of both study
groups. Accidental falls were the most common cause of
injury in both groups (32.35% in nailing group, 35.29%
in plating group), followed by assault (41.18% in nailing
group, 50.00% in plating group). The difference in the
distribution of injury causes was not statistically
significant (p = 0.426). Regarding fracture classification
according to the AO/OTA system, both groups had equal

representation of 22A3 fractures (29.41% each).
Complex 22C3 fractures were more common in the
nailing group (41.18% versus 17.65% in plating group),
while 22B3 fractures were more frequent in the plating
group (35.29% versus 14.71% in nailing group). The
overall difference in fracture classification approached
but did not reach statistical significance (p = 0.062). In
terms of the number of bones fractured, 52.94% of
patients in the nailing group had single bone fractures
compared to 47.06% in the plating group, while both-
bone fractures were present in 47.06% of nailing group
and 52.94% of plating group. This difference was not
statistically significant (p = 0.63).

Table 2: Injury Characteristics of Study Participants

Parameter Nailing Plating p-value
Group Group
(n=34) (n=34)
Cause of 0.426
Injury
Accidental 11 12
Fall (32.35%)  (35.29%)
Road Traffic 4 2
Accident (11.76%)  (5.88%)
Assault 14 17
(41.18%) (50.00%)
Fall from 3 0
Height (8.82%) = (0.00%)
Others 2 3
(5.88%) = (8.82%)
AO/OTA 0.062
Classification
22A3 10 10
(29.41%)  (29.41%)
22B3 5 12
(14.71%)  (35.29%)
22C1 0 2
(0.00%) = (5.88%)
22C2 5 4
(14.71%) (11.76%)
22C3 14 6
(41.18%) (17.65%)
Number of 0.63
Bones
Fractured
Single Bone 18 16
(52.94%) (47.06%)
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Both Bones 16 18
(47.06%) (52.94%)

Operative and Radiological Outcomes: The mean
operative time was significantly shorter in the nailing
group (60.53 £ 6.12 minutes) compared to the plating
group (72.79 £ 6.70 minutes), with a p-value of <0.001.
Similarly, the mean fracture union time was significantly
shorter in the nailing group (11.76 + 1.88 weeks) versus
the plating group (15.35 + 2.12 weeks), also with a p-
value of <0.001. Table 3 summarizes the operative and
radiological outcomes.

Table 3: Operative and Radiological Outcomes

Parameter Nailing Plating p-value
Group Group
(n=34) (n=34)
Operative 60.53 + 72.79 + <0.001
Time 6.12 6.70
(minutes)
Union Time 11.76 £ 1535+ <0.001
(weeks) 1.88 2.12

Postoperative Complications: The majority of patients
in both groups experienced no complications (64.71% in
nailing group, 73.53% in plating group). Delayed union
occurred equally in both groups (5.88% each). Surgical
site infections were also observed equally in both groups
(11.76% each). Nail impingement and olecranon bursitis
were reported exclusively in the nailing group (8.82%
each). Elbow stiffness was observed exclusively in the
plating group (8.82%), with no cases in the nailing group.
Table 4 presents the distribution of postoperative
complications.

Table 4: Postoperative Complications

Scoring System (MGESS) at the final follow-up. Table 5
presents the comparison of MGESS scores between the
two groups. The mean MGESS score was 6.79 = 1.70 in
the nailing group and 6.85 = 1.91 in the plating group,
with no statistically significant difference (p = 0.889).

Table 5: Modified Grace and Eversmann Scoring
System Outcomes

Parameter Nailing Plating p-value
Group Group
(n=34) (n=34)
Mean 6.79+1.70 6.85+191 0.889
MGESS
Score
Functional 0.648
Grade
Poor 8 (23.53%) 10
(29.41%)
Fair 15 (44.12%) 10
(29.41%)
Good 9 (26.47%) 12
(35.29%)
Excellent 2 (5.88%) 2 (5.88%)

When categorized by functional grade, the nailing group
demonstrated poor outcomes in 23.53% of patients, fair
outcomes in 44.12%, good outcomes in 26.47%, and
excellent outcomes in 5.88%. In the plating group, poor
outcomes were observed in 29.41% of patients, fair
outcomes in 29.41%, good outcomes in 35.29%, and
excellent outcomes in 5.88%. The overall difference in
outcome grades between the two groups was not
statistically significant (p = 0.648).

Complication Nailing Group (n=34)  Plating Group DISCUSSION
(n=34) There exists ongoing disagreement about how to treat
diaphyseal forearm fractures which doctors use to treat
None 22 (64.71%) 25 (73.53%) adults because plate osteosynthesis functions as the
Delayed Union 2 (5.88%) 2 (5.88%) established treatment method but intramedullary nailing
provides a less invasive treatment option. This research
Nail Impingement 3(8.82%) 0 (0.00%) study assessed the rehabilitation results of 68 patients
who suffered from forearm fractures and received
Olecranon Bursitis 3 (8.82%) 0 (0.00%) treatment through either intramedullary nailing or plate
: : fixation, with all patients undergoing assessment after at
Surglcal_Slte 4 (11.76%) 4 (11.76%) least 12 weeks. The results show that both methods
Infection produce similar functional results but intramedullary
Elbow Stiffness 0 (0.00%) 3 (8.82%) nailing requires less surgical time and achieves faster

bone healing because it has different risk factors.

Demographic Characteristics: The study examined
two groups which had an average age of 45.79 years with
an age range of 11.30 years for the nailing group and

Functional Outcomes: Functional outcomes were
assessed using the Modified Grace and Eversmann
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42.30 years with an age range of 8.75 years for the plating
group but the two groups showed no significant age
difference. The results match the findings of Gude et al.
(2019)® because both treatment groups had about 39
years as their average age while Bhutani et al. (2021)
found average ages of 39.05 years and 38.73 years for
their intramedullary and plating groups. The study found
that female participants outnumbered male participants
because 58.82% of the nailing group and 55.88% of the
plating group were female whereas Kale et al. (2021)®
and Mahendiran et al. (2023)* found that their studies
showed male dominance. The observed differences show
regional differences for work related exposure and injury
patterns which do not indicate any treatment distribution
errors. The nailing group showed higher rates of complex
22C3 fractures 41.18% than the plating group which had
17.65% while the plating group showed 22B3 fractures
at 35.29% compared to the 14.71% rate in the nailing
group. The distribution showed approaching statistical
significance with a p value of 0.062 but the absence of
significant difference indicates that surgeons selected
nailing to treat more complex fracture patterns. This
finding matches the research by Kale et al. (2021)%
which showed that complex fracture patterns needed
more surgical planning during the IMN procedure.

Operative Time: The study found that intramedullary
nailing group had an average operative duration of 60.53
minutes which was 12.26 minutes shorter than the plating
group that operated for 72.79 minutes. The finding
matches with the results from Khateeb et al. (2017)1* who
found that IMN surgery average duration was 43 minutes
while plating needed 68 minutes. The systematic review
and meta-analysis conducted by Box et al. (2024)7 found
that IMN method always produced shorter surgical times
than open reduction and internal fixation. The IMN
group achieved shorter surgical times because the
procedure required fewer invasive methods which led to
less tissue damage and did not require surgeons to
perform complete surgical field exposure and precise
plate shape matching. The advantage shows its biggest
impact in surgical facilities that treat a large number of
patients because higher surgical efficiency leads to better
patient care and lower resource consumption according
to Agrawal et al. (2024)° who identified IMN
advantages for facilities that face limited surgical
capacity.

Fracture Union Time: The research showed that
fracture healing occurred more quickly in the nailing
group which took 11.76 + 1.88 weeks to heal than in the
plating group which took 15.35 + 2.12 weeks to heal. The
study found that fractures healed more quickly in the
nailing group which required 7.8-8 weeks to heal than in
the plating group which needed 9.3-9.6 weeks to heal
according to Khateeb et al. (2017)! whereas Kale et al.
(2021)*® discovered a 3.6-week mean radiological union
time for IMN procedures. Closed nailing techniques lead
to faster union times because they maintain periosteal
blood supply better and disrupt fracture biology less than

other methods. According to Agrawal et al. (2024)°
screw nail osteosynthesis provides functional outcomes
which match plating results but it produces less blood
loss and better biological recovery. The nailing group
achieved faster healing because the fracture hematoma
and surrounding soft tissue envelope maintained their
integrity which provided a rich source of osteoprogenitor
cells and growth factors.

Postoperative Complications: Our study discovered
significant treatment differences through analysis of
complication profiles between two treatment methods.
The majority of patients in both groups experienced no
complications (64.71% in nailing group, 73.53% in
plating group), which is consistent with the systematic
review by Box et al. (2024)'", who reported a lower
overall complication rate associated with intramedullary
nailing compared to open reduction and internal fixation.
The groups showed different complication patterns
which developed through their respective treatment
methods. Nail impingement and olecranon bursitis were
observed exclusively in the nailing group (8.82% each),
while elbow stiffness was seen exclusively in the plating
group (8.82%). The findings correspond to the results of
Khateeb et al. (2017)'! who discovered that plating
caused more implant problems which included implant
failure and infection and nerve palsy while IMN caused
only slight soft-tissue damage and no cases of synostosis
or nail migration. Both groups showed identical rates of
surgical site infections at 11.76% which indicates that
infection risk linked directly to external factors like
operating conditions and patient comorbidities and soft
tissue injury severity rather than to the fixation method
itself. The pattern has shown consistent results through
previous studies which include the research conducted by
Gude et al. (2019)* and Ambhore et al. (2018)*? who
found similar infection rates that did not connect to
specific implant types.

Functional Outcomes: The study's main outcome
assessment through the Modified Grace and Eversmann
Scoring System showed no significant difference
between the two research groups. The nailing group
achieved a mean MGESS score of 6.79 + 1.70, while the
plating group achieved a mean score of 6.85+ 1.91 (p =
0.889). The plating group achieved better results than the
nailing group because 35.29% of its members reached
good outcomes, compared to 26.47% of the nailing
group. The nailing group achieved fair outcomes at a
higher rate than the plating group, which achieved
44.12% of its members reaching fair outcomes compared
to the plating group's 29.41%. The two groups achieved
identical results for excellent outcomes because both
groups had 5.88% excellent outcomes, while functional
grade distribution showed no significant difference
between groups. The findings support the Westcott et al.
(2012)® systematic review, which found that current
research shows no difference in functional outcomes
between intramedullary nailing and plate and screw
fixation. Saini et al. (2023)** found that patients who
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received plating treatment and those who received
nailing treatment achieved similar functional results,
while Agrawal et al. (2024)* found that both groups
reached good-to-excellent MGESS scores at the same
rate of 86.6%. Basha et al. (2021)* found that both
methods produced similar functional results, but they
discovered that plate fixation achieved more outstanding
results than the other technique. The present study
demonstrates that intramedullary nailing and plating
methods provide identical functional results for forearm
fracture treatment, which enables surgeons to choose
their preferred method based on fracture pattern and soft
tissue status and patient requirements.

Conclusion

The present study gently reinforces the understanding
that both intramedullary nailing and plate osteosynthesis
are dependable methods for the surgical management of
forearm fractures in adults. While intramedullary nailing
offers certain advantages such as reduced operative time
and earlier fracture union, plate fixation continues to
provide stable anatomical alignment with comparable
functional recovery. Importantly, the overall functional
outcomes between the two techniques were found to be
similar, suggesting that neither method holds absolute
superiority. Each technique carries its own set of
advantages and limitations, reflected in their distinct
complication patterns. Therefore, the selection of the
surgical approach should be individualized, taking into
consideration the nature of the fracture, soft tissue
condition, available resources, and surgeon expertise. A
thoughtful and patient centred approach may help
achieve optimal clinical outcomes and satisfactory
functional recovery.
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