
The functional and radiological comparison of the surgical
treatment results of forearm diaphyseal fractures in adults
treated with open reduction internal fixation and intramedullary
locking nail
Nazan Çevik , Yavuz Akalın , Alpaslan Öztürk

Department of Orthopaedics and Traumatology, University of Health Sciences, Bursa Yüksek İhtisas Training and Research Hospital,
Bursa, Turkey

ABSTRACT
Objectives: The results of two different methods applied in the surgical treatment of forearm fractures in adults
were evaluated. 
Methods: Thirty-nine patients who applied to our clinic between 2016-2018 and were treated surgically were
included in the study. Twenty-three patients out of these were treated with plate osteosynthesis (group 1), and
16 patients were treated with intramedullary locking nail (group 2). While 14 of the patients in group 1 were
male, 9 were female, and the average age was 39.8 years (range; 19-74 years); and 11 of the patients in group
2 were male, 5 were female, and the average age was 36.6 years (range; 18-68 years). Patients were called for
monthly check-ups until fracture union. Then, radiographic evaluation was done at 3, 6 and 12 months. The
average follow-up time was 26 months (range;12-36 months) for group 1 and 25 months (range;12-35 months)
for group 2. The loss of the line of fracture through radiographic imaging of trabeculations or callus formation
in the cortex on the anteroposterior and lateral radiographs, and clinically loss of sensitivity on fracture were
considered fracture union. In the last controls, while the elbow was at 90 degrees of flexion, the amount of
rotation of both forearms was measured by using the goniometer. In the functional evaluation, the system
described by Grace and Eversmann and used to evaluate fracture union and forearm rotation was used. Patient
satisfaction was evaluated by using the DASH (Disabilities of the Arm, Shoulder and Hand) method. 
Results: While the union duration in group 1 was 12.3 weeks (range; 8-18 weeks), the union duration in group
2 was 12 weeks (range; 9-16 weeks). There was no statistical difference in terms of union durations (p > 0.05).
In Group 1, according to the Grace-Eversmann evaluation, 19 (82.6%) patients had excellent and good results,
three (13.1%) patients had acceptable results, and 1 (4.3%) patient had poor results. Forearm pronation of the
patient with poor results was less than 60% but his bone union was complete. In group 1, the average DASH
score was 15.04 (range; 3-28). In group 2, Grace-Eversmann evaluation showed excellent and good results in
13 (81.3%) patients and acceptable results in 3 (18.7%) patients. Average DASH score was found to be 14.6
(range; 2-34). When Grace-Eversmann criteria and DASH values were compared, no significant difference
was found between the two groups (p > 0.05). Vascular nerve injury, tendon injury, radioulnar synostosis, and
compartment syndrome were not observed in any patient. 
Conclusions: The results of the two fixation methods in terms of functional recovery and patient satisfaction
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The aim of the treatment of forearm diaphyseal
fractures in adults is to provide axial and rota-

tional stability [1]. Due to its functional and
anatomical features, forearm diaphyseal fractures are
different from long bone diaphyseal fractures, they
should be evaluated as intra-articular fractures and
treatment planning should be done accordingly [2].
The deforming muscle strength, continuity of the
radial slope, and intraosseous membrane damage are
important factors affecting the stability and reduction
continuity. Open reduction and rigid internal fixation
with plate-screw have been suggested by many
authors. However, this technique has disadvantages
such as causing soft tissue damage, damaging the
periosteal circulation due to the discharge of the bro-
ken hematoma and plate compression, especially
irritating the skin around the ulna [3]. Another disad-
vantage of the technique is that the fracture is seen
again between the rates of 11% and 20% after plate
removal [4]. The method of fixation with
intramedullary unlocking nail causes less soft tissue
damage and does not impair the extramedullary blood
circulation; however, it may be inadequate to control
rotational stability, especially in segmental and seg-
mented fractures.However, intra-canal implants share
the load on the bone and provide the formation of
peripheral periosteal callus. The superiority of
intramedullary locking nail that it can prevent short-
comings that may occur in diaphyseal fractures of the
forearm fragments, segmental fractures and meta-
physio-diaphyseal fractures [5]. In this study, the
results obtained from patients with open reduction and
plate-screw fixation, and from patients with closed
reduction and intramedullary locking nailwere com-
pared retrospectively.

METHODS

      Thirty-nine patients who applied to our clinic
between 2016 -2018 and were treated surgically were
included in the study. Patient’s medical information
and demographic distribution are shown in Table 1.

Twenty-three patients out of these were treated with
plate osteosynthesis (group 1), and 16 patients were
treated with intramedullary locking nail (group 2).
While 14 of the patients in group 1 were male, 9 were
female, and the average age was 39.8 years (range; 19-
74 years); and 11 of the patients in group 2 were male,
5 were female, and the average age was 36.6 years
(range; 18-68 years). In the fractures classified accord-
ing to AO classification, 10 patients were type A, 8
patients were type B, 5 patients were type C in group
1. In Group 2, 8 patients were type A, 5 patients were
type B, 3 patients were type C. Patients with addi-
tional injuries, pathological fractures, open fractures,
and patients without pineal plate were excluded.
Patients were called for monthly check-ups until frac-
ture union. Then, radiographic evaluation was done at
3, 6 and 12 months. The average follow-up time was
26 months (range from 12 to 36 months) for group 1
and 25 months (range from 12 to 35 months) for group
2. The loss of the line of fracture through radiographic
imaging of trabeculations or callus formation in the
cortex on the anteroposterior and lateral radiographs,
and clinically loss of sensitivity on fracture were con-
sidered fracture union.In the last controls, while the
elbow was at 90 degrees of flexion, the amount of
rotation of both forearms was measured by using the
goniometer. In the functional evaluation, the system
described by Grace and Eversmann and used to eval-
uate fracture union and forearm rotation was used [6].
Complete union of the fracture and providing at least
90% of the forearm rotation is considered excellent;
union of the fracture and providing at least 80% of the
forearm rotation is considered good; and union of the
fracture and providing at least 60% of the forearm
rotation is considered acceptable result. Non-union of
the fracture or less than 60% forearm rotation was
considered as a poor result. Patient satisfaction was
evaluated by using the DASH (Disabilities of the Arm,
Shoulder and Hand) method. In this scoring where the
functional state of the upper extremity is questioned,
while 0 points indicates a perfect extremity, 100 points
indicate that the upper extremity is completely unus-
able. 
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Surgical Technique 
      For both patient groups, surgery was started under
general anesthesia or axillary block, in the supine
position, following the necessary treatment and cov-
ering. Before the operation, patients received 1 g of
cefazolin for prophylaxis. The plate was applied by
inflating the tourniquet, the nail was applied without
inflating the tourniquet under control. 
      Radial styloid and tuberositas radii were deter-
mined for radius in patients undergoing osteosynthesis
with plate. Between the two, along the fracture line,
the incision from the volar was carried out along the
fracture line (Henry approach). After the incision was
made, the lateral cutaneous nerve of the forearm was
isolated and preserved in the superficial adipose tis-
sue. The incision was continued until fascia. The
fascia incision was made at the ulnar end of the bra-
chioradial muscle. The brachioradialis muscle was
moved and lifted. Dissection was continued by pre-
serving the radial artery and radial nerve. Radius was
exposed. For distal extending fractures, the place
where the pronator muscle was held was dissected
from the shaft and the fracture was exposed. For the
proximal fractures, the radial sensory nerve was fol-
lowed up to the point where it bifurcated with the
posterior interosseous nerve and the supinator muscle
was dissected from the ulnar side. After the fracture
reduction was done with reduction clamps, a 3.5 mm
locked compression plate was placed. 
      Olecranon and ulna styloid were determined for
ulna. An incision was made along the line of fracture
between the two (posterior approach). The incision

was deepened into the fascia. Ulna was seen distally
between the extensor carpiulnaris and flexor carpiul-
naris muscles, more proximally between the extensor
carpiulnaris and ancaneus muscles. 3.5 mm locked
compression plate was placed after reduction was car-
ried out with reduction clamps. 
      First of all, screws close to the fracture were
placed for both bones. Interfragmanter screws were
placed in patients who were deemed necessary. Then,
screws were placed on the proximal and distal sides of
the fracture and fixation was completed. According to
the type of fracture and severity of injury, the length
of the plate to be used and the number of screws were
determined, but as a general principle, 3 screws were
placed on both sides of the fracture line. After the
tourniquet was loosened and bleeding was checked,
drains were placed in both surgical sites and the layers
were closed according to the procedure (Fig. 1). 
      In patients with intramedullary locking nail, a 1
cm incision was made over olecronon while the elbow
was at 90 degrees of flexion. Under the control of the
scopy, 2 mm K wire was sent into the canal after
closed fracture reduction. Then the channel entrance
was carved up to 2 cm distance with a 6 mm reamer.
The channel diameter was extended with hand
carvers. The guide wire was left in the channel. 
      For Radius, while the forearm was in prone posi-
tion, a 2 cm incision was made by the radial side of
the Lister tubercle. The entrance was made under the
extensor carpiraldias brevis tendon at a distance of 5
mm from the joint surface. Afterwards, 2 mm K wire
was sent into the canal after closed reduction of radius
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Fig. 1. Plate osteosynthesis. (A) Preoperative radiograms; (B) Postoperative radiograms; (C) Follow-up radiograms taken
at 12th month. 
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fracture under the control of the scopy. Then the chan-
nel entrance was carved up to 2 cm distance with a 6
mm reamer. The channel diameter was extended with
hand carvers. The guide wire was left in the channel. 
Nails of suitable length and width for both bones were
placed in the canal and guide wires were drawn. For
both bones, the side close to the fastening apparatus

was first locked with a fully grooved 2.7 mm self-tap-
ping screw, then the static locking screw was not used
in any patient after stability control (Fig. 2). 

Statistical Analysis 
      Statistical analysis was performed by using chi-
square and t-student tests using SPSS 21 version for
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Fig. 2. Intramedullary locking nail. (A) Preoperative radiograms; (B) Postoperative radiograms; (C) Follow-up radi-
ograms taken at 12th month.
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Windows. Numerical variables were expressed as
mean ± standard deviation and categorical variables
were expressed as mean percentages. A p value < 0.05
was considered as statistically significant.

RESULTS

      While the union duration in group 1 was 12.3
weeks (8-18 weeks), the union duration in group 2
was 12 weeks (9-16 weeks). Grace-Eversmann eval-
uation and DASH score statistical analysis are given
in Table 2. There was no statistical difference in terms
of union durations (p > 0.05). In Group 1, according
to the Grace-Eversmann evaluation, 19 (82.6%)
patients had excellent and good results, three (13.1%)
patients had acceptable results, and 1 patient (4.3%)
had poor results. Forearm pronation of the patient with
poor results was less than 60% but his bone union was
complete. In group 1, the average DASH score was
found to be 15.04 (range 3-28). In Group 2’s Grace-
Eversmann evaluation, excellent and good results
were obtained from 13 patients (81.3%) and accept-
able results from three patients (18.7%). Average
DASH score was found to be 14.6 (range 2-34). When
Grace-Eversmann criteria and DASH values were
compared, no significant difference was found
between the two groups (p > 0.05). In group 1, two
patients developed superficial infections; both patients
were treated with one week of parenteral antibiotics
followed by one week of oral antibiotics. Deep infec-
tion was not observed in either group.Implants were
removed in 3 patients in group 1 and 1 patient in
group 1 after union. Vascular nerve injury, tendon
injury, radioulnar synostosis, and compartment syn-

drome were not observed in any patient. 

DISCUSSION

      There is consensus that the treatment of adult fore-
arm double diaphyseal fractures is surgical. The
results of these fractures with insufficient implants or
conservative treatment led to high complication rates
[7].The traditional surgical method is open reduction
and fixation with plate [8].As the treatment complica-
tions with plate developed, alternative treatment
methods were constantly sought in the historical treat-
ment process [9]. Intramedullary application was first
performed in 1913 by using K wire and Steinmann
nails (1st generation) [10]. However, the necessary
rotational stability was not achieved with these mate-
rials and it caused high non-union rates. The first nail
design considering the forearm anatomy was made in
1959 (2nd generation) [11]. However, since these nails
did not have mechanisms to prevent locking and rota-
tion, a union rate as good as plate could not be
achieved.Despite this, changes in nail design contin-
ued and 3rd generation nails which are locking
mechanisms that also provide the rotational stability
we use todaywere produced. 
      Anatomical or close reduction is obtained in frac-
tures where osteosynthesis is applied with plate.
However, impaired fracture hematoma and periosteal
integrity are factors that may have negative effects on
union [3]. During the surgical intervention, it is
expected that there will be more bleeding than nail
application. The risk of future fractures increases due
to cortical atrophy occurring in the screw application
areas. Cosmetic problems related to the surgical
approach and more soft tissue damage are other unde-
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sirable aspects of plate osteosynthesis. Intramedullary
locking nail causes less bleeding and less soft tissue
damage. Cosmetically, it provides superiority to
osteosynthesis with plate. However, in nail applica-
tions, ensuring proper rotation and anatomical
reduction can be more difficult thanosteosynthesis
with plate [4]. Also, exposure to more radiation is one
of the disadvantages of nail application [12]. 
      Anderson et al. [13] treated 330 forearm fractures
of 258 patients by using compression plates and
achieved 96.3% union in ulna fractures and 97.8% in
radius fractures.In other studies, union rates have been
reported between 87% and 98% [14]. Kose et al. [15,
16] reported that they achieved 100% union in all
cases with intramedullary locking nail. Visna et al.
[17] reported that 78 patients had union in the treat-
ment of 118 forearm fractures, while Gao et al. [18]
achieved nail union in all 18 patients. In our study,
rates of union with plate and rates of union with nail
were similar, and union was achieved in all patients. 
Anderson et al. [13] achieved a union at an average of
7.4 weeks in patients with open reduction and plate
screw fixation. Stevens et al. [14] observed union in
their forearm fractures for an average of 22 weeks in
patients using dynamic compression plates, and 33
weeks in patients who used locked compression
plates. Gao et al. [18] who used intramedullary lock-
ing nail in the treatment reported that closed fractures
united within an average of 10 weeks and open frac-
tures within 14 weeks. In addition, in the studies
comparing nail and plate applications; the average
union duration with plate was found to be 10 weeks
by Lee et al. [19] , 11.1 weeks by Kim et al. [21], 14
weeks by Özkaya et al. [22], and 13.1 weeks by Köse
et al. [20]. In the same studies, the average union
duration with nail was found to be 14 weeks by Lee et
al. [19], 13.1 weeks by Kim et al. [21], 10 weeks by
Özkaya et al. [22], and 10.8 weeks by Köse et al. [20].
In our study, the duration of union with plate was
found to be 12.3 weeks, and the duration of union with
nail was found to be 12 weeks. 
      Another criterion we compared in our study is the
DASH (The Disabilities of the Arm, Schoulder and
Hand) scores between both groups [23]. The average
DASH score in patients who were treated with plate
was found to be 9.8 by Köse et al. [20], 15.3 by Lee
et al. [19], 7.1 by Kim et al. [21], and 15 by Özkaya

et al. [22]. In the same studies, the average DASH
score in patients who were treated with nail was found
to be 18.3 by Köse et al. [20], 12.8 by Lee et al. [19],
15.1 by Kim et al. [21], and 13 by Özkaya et al. [22].
In our study, the fact that the average DASH value
was 15 in the plate group and 14.6 in the nail group,
and that the results were close to each other made us
consider that there is not any difference between the
two techniques in terms of patient satisfaction pro-
vided that it was performed according to the
technique. Another method in functional evaluation is
the system described by Grace and Eversmann, in
which fracture union and forearm rotation are evalu-
ated. In this staging system, complete union of the
fracture and providing at least 90% of the forearm
rotation is considered excellent; union of the fracture
and providing at least 80% of the forearm rotation is
considered good; and union of the fracture and provid-
ing at least 60% of the forearm rotation is considered
acceptable result.Non-union of the fracture or less
than 60% forearm rotation was considered as a poor
result. As a result, when both our study and other stud-
ies are evaluated through Grace Eversmann
evaluation, the similarity of the results between the
plate and nail application is remarkable.
      If intramedullary locking nail are not chosen in
proper length and diameter, complications may
develop during surgery. Incompatibility of nail diam-
eter and canal width can lead to rotational movements
in cases where the length of the nail is short, and if the
length of the nail is long, the fracture may break more
[5]. Careful planning is essential before surgery. An
iatrogenic bone injury was not observed in patients
who underwent surgery in our clinic. Iatrogenic pos-
terior interosseous nerve injury is rarely seen in
forearm surgical treatment. It has been reported that
this risk can be minimized especially in nail opera-
tions by keeping the proximal locking screw of the
radial nail at least 30 mm from the radius head and
keeping the forearm in neutral rotation.As the radius
fracture approaches to proximal in patients who
receive plate, more attention must be paid in terms of
nerve damage [24]. In our study, attention was paid to
these issues in patients using both plate and locked
nails, and therefore no iatrogenic posterior
interosseous nerve injury was observed. The disadvan-
tage is that the duration of union is longer than plate
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osteosynthesis and more limited allowance for mobi-
lization until bridge callus is seen in the fracture line.
However, the use of a mini-incision, the peeling of the
periosteum is the greatest advantage of the locked
intramedullary nail when it is necessary to remove it
again with a mini-incision [25]. 

CONCLUSION

      In our study comparing two techniques used in the
treatment of forearm fractures in adults, close results
were obtained with both techniques in terms of patient
satisfaction and functional evaluation.Therefore, we
think that both techniques can be used in the treatment
of forearm fractures in adults, provided that the rules
are followed. 
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