
Outcome Analysis of Osteosynthesis of Complex Fractures 
of Both Bones of Forearm

Background
Forearm plays an important role in 
positioning the hand in the three-
dimensional space not only because it acts 
as a link between the arm and hand but also 
it aides in proper positioning of the hand 
due to rotational movements of supination 

and pronation. This is possible because of 
the complex interplay between both bones 
of the forearm as well the muscles which 
insert and originates from them. Both 
bones together with ligaments have 
been considered as a functional joint [1, 
2]. It is comparable to a ring structure 
akin to pelvis and mandible with 
temporomandibular joint, if it does; it 
will disrupt at two places whenever any 
injury occurs, however subtle the 
injury may be as demonstrated by the 
Goldber et al. [3]. They are virtually 
considered as equivalent to intra-
articular fractures. Hence, to get a good 

functional outcome, it becomes 
paramount importance that any fracture 
of both bone forearm has to be reduced 
anatomically with the restoration of 
length, rotation, and alignment.
Open reduction and internal fixation 
(ORIF) with plate osteosynthesis has been 
considered as the gold standard for both 
bone fractures. Many studies have proven 
the efficacy of this method using a variety 
of implants which includes dynamic 
compression plate (DCP), limited contact-
DCP (LC-DCP), point contact Fix, and 
locking compression plate (LCP). AO 
“C” type of the fractures are of special 
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interest because they represent complex 
fractures of both bones of the forearm 
which includes segmental and/or 
comminuted fractures in the diaphyseal 
region [4]. Because of the complex 
nature of the fracture pattern, plethora 
of complications are expected [5, 6]. 
There are not many studies in the 
English literature which focus on this 
complex fracture management and their 
functional outcome.
The purpose of this retrospective study is 
to evaluate and describe the clinical, 
radiological, and functional outcome of 
complex both bone forearm diaphyseal AO 
muller Type 22C fractures with ORIF with 
LCP osteosynthesis in skeletally mature 
patients.

Materials and Methods
Patient selection:
This retrospective study consists of 
consecutive 24 patients, who underwent 
ORIF with 3.5 mm LCP for acute 
segmental and complex diaphyseal 
fractures of both bone forearm at 
Orthopaedic and Traumatology 
Department of Kasturba Hospital, Manipal 
between 2006 and 2016. Institution Ethical 
Committee clearance was obtained for the 
study IEC 496/2015. Of 24 patients, 1 

patient expired during the follow-up 
period which was unrelated to the 
injury and 3 patients lost for follow-up. 
Hence, 20 patients were considered for 
analysis.

Inclusion and exclusion criteria:
Patients who were 18 years and above, 
having acute segmental and/or complex 
diaphyseal fractures of both bones of the 
forearm, AO Type 22C closed or open 

Gustilo and Anderson classification Types 
1 or 2 were included. Skeletally immature 
patients, nonosteoporotic pathological 
fractures, intact single bone, open injuries 
who required soft tissue coverage, 
injuries with dislocations of either or 
both of proximal and distal joints in 
forearm and patients with neurovascular 
injuries were 
excluded from the 
study.
At the time of the 
presentation mean 
age of the patients 
was 42.35 years 
(range 20–70 
years). There were 
16 male and 4 
female patients. 
There were 17 
patients who had 
right forearm 
involved, and 3 were 
having left forearm 
involved. All the 
fractures were due 
to the high-velocity 
injuries. Road traffic 
accident (RTA) was 
the reason in 19 

cases and fall from height was the cause 
in 1 case who had AO Type 22C 3.3 
fracture with Type 1 Open injury on the 
ulnar side.

Fracture classification:
Fractures were classified in accordance with 
AO Classification system [4]. There were 
12 cases of C1, 8 cases of C2, and 2 cases of 
C3 type fractures (Table 1). There were 
three open fractures; AO C 3.3, Type 1 
open Ulna; AO C 1.2, Type 1 open Ulna; 
and AO C 2.3, Type 2 open Radius 
fracture. 12 patients had associated injuries 
of the other regions.

Surgical method:
All the fractures were surgically fixed by a 
single trauma surgeon using 3.5 mm 
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C1.2

Bifocal fracture of the 

ulna with fracture of the 

radius, either simple or 

with a wedge

7

C1.3

Irregular fracture of the 

ulna, with fracture of 

the radius, either simple 

or with a wedge

2

C2.2

Bifocal fracture of the 

radius with a simple, or 

a wedge, fracture of the 

ulna

7

C2.3

An irregular fracture of 

the radius, with a 

simple, or a wedge, 

fracture of the ulna

2

C3.1
Both bones are fractured 

bi focally
0

C3.2

One bone is fractured bi 

focally, and the other is 

irregular

1

C3.3
Fractures of both bones 

are irregular
1

Table 1: Description of the AO classification 
and patient distribution

Table 2: Anderson's criteria

Results Union
Flexion/extension at 

elbow joint

Supination and 

pronation

Excellent Present <10° loss <25° loss

Satisfactory Present <20° loss <50° loss

Unsatisfactory Present >20° loss >50° loss

Failure
Non-union with or 

without loss of motion

Variables Radius fractures Ulna fractures All patients

Number of patients 20

Male/Female 16/4

Age 42.35 (20-70 years)

Mode of injury

RTA/Fall from height 19/1

Affected limb

Right/Left 17/3

Associated injuries
12 (one patient might have 

one or more injuries)

Femur fractures 7

Head injuries 3

Chest injuries 2

Pelvic injuries 2

Facial injuries 2

Forearm injuries (opposite side) 2

Humerus fractures 2

Tibia fractures 1

Time delay for fixation after admission 3.55 (±2.39 days)

Fracture pattern

Bifocal 10 7 17 (34 fracture levels)

Unifocal 9 7 16

Irregular 1 6 7

Mode of Plating

Bridging 30

Prox level 11 13

Distal level 4 7

Compression/Neutralisation 27

Prox level 9 7

Distal level 5 6

Total fracture levels 29 28 57

Plate span ratio 3.18 3.18 3.18

Screw density ratio 0.813

RTA: Road traffic accidents

Table 3: Demographic pattern and surgical characteristics
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titanium LCP (Synthes) having combi-
hole which were suitable for applying 
dynamic compression or for using angular 
stable locking screws.
Meantime taken for fixation following 
admission was 3.55 days (±2.39 days). 
Closed fractures received 2.25 g of 
intravenous cefoperazone preoperatively 
and continued for 48 h. Open fractures 
received inj cefoperazone 2.25 g at the time 
of the admission which was continued for 
48 h, single dose of Inj gentamicine 80 mg, 
and oral antibiotics were continued till 
suture removal.
Less complex fractured bone was 
preferably fixed first so as to regain the 

length of the forearm. Ulna was 
approached through standard 
subcutaneous approach and radius through 
volar Henry’s approach. Depending on the 
fracture pattern, fixation plan was devised 
and implemented accordingly. Simple 
transverse and short oblique fractures 
were reduced and fixed with LCP with 
combi-holes by dynamic compression 
principle so as to achieve primary 
compression. Lag screw was used in 
long oblique fracture pattern to achieve 
absolute stability. Multi-fragmentary 
fractures were fixed with bridge plating 
technique aiming for biological fixation 
with a minimal disturbance at the 

fracture site and without much 
periosteal stripping following the 
principles of LCP fixation. Wherever 
feasible single long LCP plate was used 
for spanning the multifragmentary 
region. In some cases, 2 separate plates 
were used for fixing bifocal fractures to 
achieve absolute stability by primary 
compression at both fractures. Primary 
bone grafting was not used in any case. 
Wound closed in subcutaneous and skin 
layers. Deep fascia was not sutured. 
Minimum of 6 cortical screw purchases 
was planned in the main fracture 
fragments. Plate length was decided as 
per above-mentioned criteria. 
Postoperatively active and active-
assisted mobilization of wrist, elbow 
and forearm supination and pronation 
was initiated on the post-operative day 
1. No splints or plaster immobilization 
was applied. Wound was inspected on 
post-operative day 2, following which 
patient was discharged from the 
hospital. Suture removal was done on 
the 12th post-operative day.

Follow-up:
Patients were followed up after 6 weeks, 3 
months, 6 months, and 1 year. All 
radiographs were digitally archived and 
retrieved. Bony union was considered 
when there was bridging callus, and 
continuity is seen in at least 3 cortices in 
two orthogonal radiographs. Delayed 
union was considered when fracture union 
took more than 6 months. Fractures 
which did not show any progressive 
evidence of healing for 3 months or 
fractures which needed further 
intervention for healing were 
categorized as nonunion.
Patients were assessed regarding fracture 
union, functional outcome, and 
complications. Anderson et al. criteria 
(Table 2) were used for functional 
assessment and categorized as excellent, 
satisfactory, unsatisfactory, and failure [7]. 
Mean follow-up was 49.1 months (min 
14–max 111 months).

Kulkarni M S et al www.jkoaonline.com

Variables All patients

Callus formation Level 1 Level 2 Level 1 Level 2

Nil 6 4 5 4 19

Mild 9 3 10 1 23

Moderate 4 1 3 3 11

Abundant 1 1 2 0 4

Radial bow

Mean radial bow 11.020 (±2.38) mm

Mean length of the radius 220.19 (±14.81) mm

Mean maximum radial bow 

location
131.20 (±14.83) mm

Mean maximum radial bow 

location in %
59.24 (±6.49)

Union time in months 5.85 (±3.15) 6.30 (±2.21) 6.15 (±3.43) 3.57 (±2.07)

Bifocal 6.05 (±2.04)

Uifocal 6.00 (±3.46)

Irregular 8.14 (±3.76)

Final union 7.20 (±4.06)

Anderson criteria Pt no (DASH score)

Excellent 11 (10.27 [±7.29])

Satisfactory 6 (25.00 [±4.60])

Un Satisfactory 1 (33.00)

Failure 2 (40.00 [±12.72])

DASH Mean 18.8 (±12.42)

DASH versus

Wrist flexion-extension 

range difference between 

normal and abnormal side

0.819* (P<0.01)

DASH versus

Affected wrist supination −0.498* (P<0.05)

DASH versus 0.707* (P<0.01)

Supination–pronation arc 

difference

Complications

Nonunion 2

Nerve Involvement 2

* Spearmann Correlation  ORIF: Open reduction and internal fixation, DASH: Disabilities of the arm, shoulder, and hand Score 

Ulna fracturesRadius fractures

Correlations Between DASH and ROM

Table 4: Outcome of ORIF with plate osteosynthesis of complex fractures
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Statistical analysis:
Data collected and analyzed using IBM 
SPSS Statistics version 20. Frequency 
distribution, mean and standard deviation 
was calculated for the variables. Spearman 
rho was used to evaluate correlation 
between disabilities of the arm, shoulder 
and hand (DASH), and other variables.

Results:
Patient demographics:
Our study included 20 patients who had a 
complex fracture of both bone forearm. 
There were 16 males and 4 females. 
Average age was 42.35 years (range 20–70 
years) majority being in fifth decade 7/20. 
Involvement of the right forearm (also the 
dominant upper limb) was more frequent 
than left forearm 17/20 versus 3/20.

Injury pattern:
RTA was the major cause of the injury 
pattern 19/20 when compared to fall from 
the height 1/20. There were 3/20 open 
injuries and 17/20 closed injuries. Bifocal 
fracture of the ulna with a fracture of the 
radius (C1.2) 7/20 and bifocal fracture of 
the radius with a fracture of the ulna (C2.2) 
7/20 were the most common fracture 
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Movement Normal (SD) Affected side (SD) Difference

Supination 83.40 (6.69) 70.35 (14.82) 13.05

Pronation 77.65 (7.065) 64.40 (15.85) 13.25

Sup-Pron Arc 161.05 (12.37) 134.75 (30.14) 26.3

Loss of arc in % 16.90 (17.26)

Wrist Flexion 62.90 (3.94) 54.85 (10.75) 8.05

Wrist Extension 70.65 (4.70) 59.40 (11.37) 11.25

Wrist Fl Ext Arc 133.55 (6.49) 115.00(18.69) 18.55

Elbow Flexion 144.25 (5.44) 134.75(10.69) 9.5

Elbow Extension −0.75 (3.72) 2.25 (5.25) 3

Elbow Fl Ext Arc 145.00 (7.77) 132.50 (15.17) 12.5

ROM: Range of motion, SD: Standard deviation

Authors Number of cases AO classification Anderson’s criteria Complications

Iacobellis and 

Biz 2013 [20]

47 patients 64 

fractures.

Total 3 cases

-1 C1

-1 C1 with Open 

Type 2

-1 C2

-C1: Satisfactory

-C2: Satisfactory

-C1 Open 2: Failure

-One nonunion (C1 open 

Type 2)

-One median nerve 

paresthesia (C1)

Saikia et al. 

[15] LCP versus 

LC-DCP

36 patients 72 

fractures with 18 

patients in each 

Group

LCP group-C2.2

LC-DCP Group C1.2

Details not 

available
-Osteomyelitis (-C2.2)

Goldfarb et al. 

[21]

23 patients 24 

fractures

C3.2

C3.1

C3.1

Details not 

available

No complications 

mentioned

Leung and 

Chow [22]
32 Patients

C3 , 3 patients

C2, 1 patient

C1, 1 patient

Details not 

available
Details not available

Table 5: ROM at the final follow-up Table 6: Studies which have mentioned AO C type of fractures

S. No Age Sex Side
Open/

closed

M.O. 

Injury

Time 

(days)

Follow-up 

(months)

Associate

d injury
Injury

A.O. 

subtype

Radial 

bow

Distance 

in %

Final time 

for union

Arc 

difference
Comments Result Dash

Final 

outcome

1 56 m right Closed Rta 1 34 No Nil C1.2 0.54 53.266 12 25 delayed union Satisfactoey 27 United

2 51 m right Closed Rta 4 31 Yes Facial bone fracture C1.2 1.31 51.291 3 6 Nil Excellent 0 United

3 35 m right
Type 1 

ulna

Fall from 

height
5 34 Yes

Head injury, pelvic 

fracture
C3.3 1.11 63.71 6 42

Radial nerve 

paresthesia

Un 

satsfactory
33 United

4 Pt expired

5 40 m right Closed Rta 3 93 yes
Shaft of femur, left shaft 

of humerus
C2.2 0.98 54.83 12 10 Delayed union Excellent 26 United

6 42 m right Closed Rta 2 111 No Nil C2.2 1.26 61.966 6 3 Nil Excellent 2 United

7 No follow-up

8 59 m right Closed rta 6 42 yes

Hemothorax, acetabular 

fracture, right tibia 

segmental fracture

C1.2 1.57 56.583 12 60 delayed union Satisfactory 29 United

9 41 m right Closed rta 2 30 yes

right open supracodylar 

femur fracture/right 

little finger traumatic 

amputation

C2.2 1.1 57.743 6 2 Nil Excellent 11 United

10 No follow-up

11 34 m left 
type 1 

ulna
rta 3 12 yes Left humerus fracture c1.2 0.71 55.804 Nonunion 115 Nonunion ulna Failure 49 Non-union

12 40 m right closed rta 3 27 yes Head injury C1.2 1.1 61.813 6 10 Nil Excellent 5 United

13 41 m left closed rta 3 15 No Nil C2.2 1.26 55.721 6 13 Nil Excellent 9 United

14 No follow-up

15 28 m right Closed rta 2 19 yes Hemopneumothorax C1.2 1.31 61.096 6 5 Nil Excellent 12 United

16 70 m left Closed rta 2 43 No Nil C2.2 1.36 50.262 3 25 Nil Excellent 7 United

17 54 m right Closed rta 1 63 No Nil C3.2 1.26 65.484 12 55 Delayed union Satisfactory 19 United

18 30 m right Closed rta 6 67 yes

Right femur shaft and 

neck fracture/left radius 

fracture

C2.2 0.82 55.778 6 10 Nil Excellent 16 United

19 38 f right Closed rta 2 54 No Nil C1.2 1.08 68.137 6 10 Nil Excellent 9 United

20 45 f right Closed Rta 10 68 yes
Right supracondylar 

femur
C1.3 0.98 66.649 12 50 Delayed union Satisfactory 20 United

21 48 f right Closed Rta 4 104 No Nil C2.2 0.94 67.05 Nonunion 30 Nonunion Failure 31 Nonunion

22 43 m right Closed Rta 8 107 Yes
Comminuted 

supracondylar
C1.3 1.26 53.935 6 15 Nil Excellent 16 United

23 20 f right
type 2 

radius
Rta 3 14 Yes

head injury/bilateral 

femur fracture/ left 

radius fracture/ facial 

fractures/left vision loss

c2.3 1.04 72.9 12 20 Delayed union Satisfactory 25 United

24 32 m right Closed Rta 1 14 No Nil C2.3 1.05 50.81 12 20

PIN 

involvement/d

elayed union

satisfactory 30 United

Table 7: Master Chart
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patterns. There were two cases each in 
irregular fracture of the ulna with the 
shaft of the radius fracture (C1.3) and 
irregular fracture of the radius with the 
shaft of the ulna fracture (C2.3) 
patterns. One case of each C3.2 and 
C3.3 was noted.
There were 17 bifocal and 16 unifocal and 
7 irregular fracture patterns were present 
and in total constitutes 57 fracture levels. 30 
fracture levels were treated by bridging 
mode of plate osteosynthesis, and 27 
fracture levels were treated by compression 
or neutralization mode of plate 
osteosynthesis (Table 3).
Majority of the patients 12/20 were having 
associated injuries, and 8/20 had no other 
injuries. Femur fracture was the most 

common associated injury and was present 
in 7/20, followed by head injury 3/20, 
humerus fracture, forearm fractures, facial 
injuries, chest injuries, and pelvic injury in 
2/20 each. Tibia fracture was seen in one 
patient.
For all irregular fracture patterns, bridge 
plating technique was used. Mean plate 
span ratio which was achieved was 3.18 [8]. 
Overall, mean screw density achieved was 
0.813.
Abundant to moderate callous was noted 
in 15/57 fracture levels, and nil to a mild 
amount of callous noted in 42/57 fracture 
levels suggests that construct of LCP plate 
osteosynthesis was stiff enough to allow for 
micro-motion which was needed for the 
formation of a good amount of callous and 

hence biological healing.
Being a curved bone alignment of the 
radius was evaluated by assessing the 
maxima radial bow and its location along 
the length of the radius as suggested by 
Schemitsch and Richards (Mean radial 
bow 15.3 mm, location 59.9%) [9]. In our 
series, mean radial bow achieved was 11.02 
(±2.38) mm which was located about 
59.24 (±6.49)% along the length of the 
radius.

Treatment outcome and complications:
Meantime for complex forearm fractures 
for the union was 7.20 (4.06) months. 
Unifocal fractures took less time (6 ± 3.46 
months) when compared to bifocal 
fractures (6.05 ± 2.04) and irregular 
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Figure 1: Graph showing time taken for union versus fracture 
pattern

Figure 3: Graph showing correlation between disabilities of the 
arm, shoulder and hand versus loss of flexion-extension arc of 
the wrist.

Figure 4: Graph showing correlation between disabilities of the 
arm, shoulder, and hand versus loss of supination pronation arc 
of wrist.

Figure 2: Graph showing relationship between disabilities of 
the arm, shoulder, and hand versus outcome as per Anderson 
criteria.
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fractures (8.14 ± 3.76). However, it was not 
statistically significant.
At final follow-up movements at the 
affected side wrist and elbow were found to 
be less than the normal side. Of all the 
movements’ pronation was affected more 
than supination and followed by wrist 
extension, elbow flexion, and wrist flexion 
(Table 5). We had 11/20 excellent 
outcome (Fig. 1), 6/20 satisfactory, 1/20 
unsatisfactory, and 2/20 as failures as 
per Anderson’s criteria. Mean DASH 
score was 18.8 (±12.42). Cases with the 
excellent outcome as per the Anderson 
criteria had mean DASH score of 10.27 
(±7.29), and failure had DASH score of 
40 (±12.72) suggesting good 
correlation (Table 4).
In total 4/20 had complications, 6/20 cases 
had delayed union which went on for the 
union by 12 months of follow-up. Two 
patients had nonunion. One patient had 
implant failure on the ulnar side after 6 
months of the primary fixation in C2.2 
fracture pattern. Refixation was done 
which went on for union uneventfully and 
18 months later she underwent implant 
removal due to prominent hardware. 
This patient had a reasonably good 
range of motion (ROM) with DASH 
score of 30. Other case had infected 

nonunion of ulna which was C1.2 open 
type 1 on the ulnar side. He was treated 
with implant removal and debridement 
with appropriate antibiotics. We were 
able to achieve union in 56/57 fractures 
ultimately. Two patients had 
neuropraxia of which one was posterior 
interosseous nerve and the other was a 
superficial branch of radial nerve which 
recovered with conservative 
management.

Discussion:
Reestablishing the geometrical 
configuration of the radius and ulna is of 
paramount importance other than getting 
the length, alignment, and rotation for 
functional restoration in both bone 
fractures of forearm [10]. Hence, open 
reduction and plate osteosynthesis are 
preferred a method to fix fractures of both 
bones of the forearm which is also 
considered as gold standard. Presence of 
the multifocal fractures, irregular 
comminution, and associated soft tissue 
injuries escalates the chances of 
complications such as delayed union, 
nonunion, and stiffness [11]. As 
concluded by the Grace and Eversmann 
involvement one or both bone and open 
or closed type of injury has a significant 

influence on the amount of supination 
and pronation regained [12]. 
Intramedullary nailing could be an 
attractive option due to the advantages 
of being minimally invasive with the 
possibility of closed reduction/minimal 
soft tissue stripping and preservation of 
fracture hematoma [13]. But reported 
high rate of complications of mal union, 
nonunion, failure to restore the normal 
radial bow and rotational alignment, 
requirement of immobilization for the 
initial few days and difficulty in 
maintaining the length in the cases of 
gross comminution compels us to 
search for other options [2, 14].
Using LCP over DCP in simple forearm 
fractures (AO Types A and B) has not been 
proven advantageous with reports of delay 
in union and nonunion while using LCP 
[15, 16, 17]. However, the challenge posed 
by the complex Type C fractures of both 
bone forearm can be addressed by the 
judicious use of LCP having combi-hole 
[17]. It can be used for dynamic 
compression at transverse or short 
oblique fractures [8]. LCP can be used 
for biological fixation as an internal 
fixator while bridging the multi 
fragmented or small fragment in bifocal 
fractures with sufficient stability with a 
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Figure 5: 43 years male with RTA closed AO22C1.3 
fracture having an excellent outcome with disabilities of 
the arm, shoulder, and hand score of 16 (a) pre-operative 
(b) immediate post-op operative showing bridge plating 
for ulna (c) final follow-up showing united fracture with 
consolidation. 

Figure 6: 48 years female AO22C2.2 closed fracture having failure outcome 
due to implant failure as per Anderson criteria. (Disabilities of the arm, 
shoulder, and hand score 31) (a) pre-operative (b) imm post-operative (c) 
implant failure of ulna plating during 6 months follow-up (d) Union after 
refixation (e) post-implant removal.
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minimal number of screws. The 
ultimate intention is to minimize and 
distribute strain across the fracture 
fragments while following the principles 
of strain theory [2, 18, 19].
To the best of our knowledge, this is the 
first study in which we have analyzed the 
outcome of complex AO Type C fractures 
involving both bone fractures. (Table 6) 
Iacobellis and Biz in 2013 article studied 64 
diaphyseal fractures in 47 patients [20]. 
They had 3 cases of AO Type C fractures 
involving both bones of the forearm. 2 
cases of type C1 and C2 had a 
satisfactory outcome and one failure 
which was AO type C1 with open Type 
2 injury. As per Anderson’s criteria, they 
had one nonunion (C1) and one 
median nerve paresthesia (C1) Saikia et 
al. in their study of comparison of LCP 
versus LC-DCP with 18 patients in each 
category had 1 case in C type (C2.2 and 
C1.2) fracture [15]. They had one case 
of osteomyelitis in C2.2 Type, which 
went on for healing ultimately. Goldfarb 
et al. in their article in 2005 had 3 cases 
(C3.2, C3.1, and C3.1) of complex 
forearm fractures of 24 cases of both 
bone fractures which were due to a 
motor vehicle accident [21]. They 
reported no complications. Rarity of 
this pattern of injury is evident by a low 
number of the cases in the studies 
mentioned. Many of these studies have 
case population which was not uniform.
Anderson et al. reported about 97% union 
rate for forearm fractures by ORIF with 
plateoseosynthesis with 86% of the people 
having an excellent or satisfactory outcome 
[7]. Leung and Chow in his 2006 study of 
32 patient having 45 fractures in the 
forearm had 100% union within a mean of 
20 weeks with 2 delayed unions [22]. We 
had 96.5% union rate considering the 
57 fracture levels in 20 patients with a 
mean healing time of 7.20 months. This 
slight increase in the healing time might 
be due to the disruption of endosteal 
supply for the segmental and 
comminuted fracture which would have 
impaired blood supply to the segment.

We had overall screw density of 0.813 as 
against recommended screw density of 
0.4–0.5 by Niemeyer and Sudkamp [8]. As 
at least 2 screws in each main fragment are 
minimum requirement to achieve stable 
fixation with anatomical constraints to 
apply a plate of adequate length, as well as 
the frequent non-availability of the plates 
of extended lengths, recommended 
screw density was not achievable. This 
suggests that LCP construct was stable 
as a whole. This is also evident by the 
fact that the callous formation was 
abundant to moderate callous as noted 
in 15/57 fracture levels and nil to mild 
amount of callous noted in 42/57 
fracture, even though bridging mode 
was employed in the majority of the 
fracture fixation 30/57. This also can 
explain the delay in complex forearm 
fractures union, which was 7.20 (±4.06) 
months. Similar observation of delayed 
consolidation of fracture in the forearm 
fractures while using LCP has been 
made by others as well [8]. Unifocal 
fractures took less time 6 (±3.46) 
months when compared to bifocal 
fractures 6.05 (±2.04) and irregular 
fractures 8.14 (±3.76). However, it was 
not statistically significant (P = 0.345). 
Similarly, there was no statistically 
significant difference between radius 
and ulna fracture union time.
As per the Schemitsch and Richards 
reestablishment of the maximal radial bow 
is necessary to regain the rotation [9]. 
However, in our study, there was no 
statistically significant correlation between 
the radial bow and supination or pronation 
achieved. With this regard our results are 
similar to Goldfarb et al. and Droll et al. 
[21, 23].
We have used the Anderson criteria for the 
clinical and radiological outcome in this 
study which assesses the ROM of the 
forearm and the fracture union. Claudio 
Iacobellis in his study which included all 
the AO types of fractures with the majority 
being single bone fractures has shown 
overall 78% excellent results and 12% 
satisfactory results [20]. Our study also 

shows a similar outcome. It can be said 
that the early surgery, anatomical 
reduction, secure fixation, and early 
mobilization which was followed in this 
study have resulted in the good 
outcome.
In our study, mean DASH score achieved 
was 18.2 (±12.42) which is comparable to 
other studies of forearm fractures [17, 23]. 
DASH score was correlating well with the 
Anderson Criteria. We found a statistically 
significant positive correlation between loss 
of wrist rotation movements and the 
DASH score achieved.
In their study, “Complications of plate 
fixation of forearm fractures” Stern and 
Drury, 28% had major complications such 
as non-union radioulnar synostosis and 
osteomyelitis [24]. In our study, we had 
two non-union as major complications. 
Both were on the ulnar side. One was due 
to implant failure in which DCP plate was 
used initially on the ulnar side. After 
implant removal and refixation with 
LCP, it healed uneventfully (Fig. 2). 
The other case was open Type 1 C1.2 
which got infected and treated 
accordingly. Implant removal and 
debridement were done. Once the 
infection was controlled patient refused 
any further intervention. We had minor 
complications of 6 delayed union, 
neuropraxia of superficial branch of the 
radial nerve and posterior interosseous 
nerve in 2 cases. Which were managed 
conservatively.
We did not remove implants routinely. In 
only one case implant was removed from 
both the forearm bones after the request 
from the patient due to hardware 
prominence. As shown by Mih et al. in 
their study which shows a statistically 
significant increase in the complication rate 
for the group in which forearm plates were 
removed when compared with the other 
group in which plates were retained 
following fracture union [25]. 
Recommended minimum time gap for 
implant removal is about 18 months.
Limitations of this study are that it is 
retrospective in nature with a small number 
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of patients. The strength of this study is 
relative long-term follow-up, a relative 
homogenous group of a rare complex 
pattern of injury of the forearm which is 
one of its own kind.

Conclusion
Even though complex diaphyseal fractures 
of both bone are difficult to treat with 

conventional methods, open reduction, 
and LCP osteosynthesis of multi 
fragmentary/bifocal fractures (as an 
internal fixator) is a viable option. Judicial 
use of versatile LCP following its principle 
will be rewarding and leads to the good 
functional outcome with minimal 
complications.
Our findings in this study endorse the view 

that early mobilization with stable fixation 
is the key to success. We do not 
recommend primary bone grafting and 
routine implant removal. Our findings also 
suggest that use of LCP in complex forearm 
fractures has the tendency to delay in 
fracture consolidation and union.
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