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ABSTRACT

Objective: In this study we aimed to present the midterm clinical and radiological 
outcomes of low contact dynamic compression plate fixation of adult forearm frac-
tures.
Method: The study included 104 patients with adult forearm fractures who were com-
patible with the inclusion criteria and have attended the last follow up.
Results: The mean time to union was 10,82 weeks. Mean Disabilities of the Arm, 
Shoulder and Hand (DASH) score was 12.75. There were no cases with implant failure, 
mechanical irritation, refractures and radioulnar synostoses. 36 patieents were evalu-
ated as perfect, 34 patients as good, 34 patients as acceptable outcomes. No unac-
ceptable outcomes have been obtained. 
Conclusion: Adult forearm diaphyseal fractures are challenging cases in terms of treat-
ment rehabilitation and complications. In order to prevent medicolegal consequences 
soft tissues and periosteum must be handled gently and anatomic, rigid, and stable 
reduction must be obtained in primary surgery. Open reduction and internal fixation 
with LC DCP’ is the golden standart treatmen option for forearm diaphyseal fracture 
management and perfec radiologic and functional outcomes can be obtained with this 
method.
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ÖZ

Amaç: Bu çalışmada amacımız, 2009-2017 yılları arasında LC-DCP ile belirlediğimiz 
yetişkin önkol kırığı olan olgularımızın uzun dönem sonuçlarını literatürdeki diğer çalış-
malarla karşılaştırmayı amaçladık. 
Yöntem: Çalışmaya önkol diyafiz kırığı olan 104 hasta dâhil edildi. Hastaların 80’i 
(%76,92) erkek, 24’ü (%23,07) kadındı. Kırıkların etiyolojik dağılımında; 56 düşme 
(%53,84), 32 trafik kazası (%30,76), 8 iş kazası (%7,69), 8 darp (%7,69) sonucu kırık 
gelişmişti. 
Bulgular: Ortalama kaynama süresi 10,82 hafta (8-20) haftaydı. Hastaların ortalama 
Disabilities of the Arm, Shoulder and Hand (DASH) skoru ortalaması 12,75 (3,3-38,8) 
olarak değerlendirildi. İmplant yetmezliği, mekanik irritasyon, implant kırılması, ref-
raktür ve radioulnar sinostoz gelişen hasta olmadı. Grace-Eversman’nın fonksiyonel ve 
kaynama yönünden değerlendirme kriterlerine göre 36 hastada (%34,61) kusursuz, 34 
hastada (%32,69) iyi, 34 hastada (%32,69) kabul edilebilir sonuçlar elde edilirken, 
kabul edilemez sonuç yoktu. 
Sonuç: Önkol diyafiz kırıklarının rekonstrüksiyonunda tam anatomik redüksiyon önce-
likli amaçtır. Önkol kırıklarında yetersiz anatomik redüksiyon önkol rotasyonunu etkile-
yen önemli bir faktördür. Önkol diyafiz kırıklarının cerrahi tedavisinde LC-DCP belirleme 
materyalleri ile kusursuz radyolojik ve fonksiyonel sonuçlar elde edilmektedir.
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INTRODUCTION 

The forearm has a distal joint with the wrist and a 

proximal joint with the elbow. Due to the spatial 

alignment, their positions are important in both 

wrist and elbow functions. Therefore, perfect func-

tioning of the upper extremity depends on a perfect 

forearm function. Angular deformity in the coronal 

or sagittal plane of the radius and ulna disrupts rota-

tion. This has a clinically negative effect which is 

reflected in the functions of the hand, wrist and 

upper extremities. Therefore, forearm fractures 

should be accepted as intra-articular fractures [1]. 

When its functions and anatomic structure are taken 

into consideration, it could be more accurate to 

evaluate the forearm as a joint [2]. The forearm dia-

physis encompasses the area from the radius and 

ulna distal metaphyseal border in the distal and the 

area between the tuberositas radii in the radius in 

the proximal. 

In addition to weakened hand functions and loss of 

movement in inadequately treated forearm diaphy-

seal fractures, these problems can also cause psy-

chological problems [1,3]. Radius and ulna fractures 

are most often seen after a fall [2,4]. Technology devel-

oped in recent years and the increase in average life 

expectancy have increased the incidence of more 

complex forearm fractures seen in adults [2,3]. 

The radius and ulna each operate as a separate func-

tional unit within the forearm. In daily use, the radius 

and ulna are exposed to excessive torsional forces. 

Therefore, the fixation of these fractures to be 

applied must ensure the strength and stability to 

resist these forces. In contrast to the conservative 

treatment applied to pediatric forearm fractures, 

conservative approach is not an acceptable treat-

ment method in adults because of the torsional and 

shear effects of the muscles at the forearm level. 

To achieve good functional results and sufficient 

joint range of movement in the surgical treatment of 

forearm fractures, accomplishment of full anatomic 

fixation together with internal rigidity allowing early 

movement are very important considerations [2,5]. 

The provision of anatomic reduction, axial align-

ment, rotational stability and proximal-distal radioul-

nar joint integrity are the basis of fracture reduction 
[5]. Many internal fixation materials (intramedullar 

nailing, dynamic compression plates [DCP], external 

fixators, low-contact dynamic compression plates 

[LC-DCP]) are currently used for this purpose [1-3]. 

Plate-screw osteosynthesis is the most widely used 

and accepted method in the surgical fixation of dia-

physeal fracture of the forearm as it allows for full 

anatomic reduction and sufficient stability [5-17]. In 

this study we aimed to present the radiological and 

functional results of patients treated with low-con-

tact dynamic compression plate applied for a fore-

arm diaphyseal fracture. 

MATERIAL and METHOD

The study included 104 adult patients treated with 

open reduction and internal fixation with LC-DCP’s 

because of a diaphyseal fracture of the radius, ulna 

or both bones between 2009 and 2017. Patients 

with a displaced closed diaphyseal fracture or a Type 

1-2 open fracture of forearm were included in the 

study. Patients with a Type 3 open fracture, open 

epiphyseal line, concomitant ipsilateral extremity 

fracture, pathological fracture, or a defective frac-

ture requiring reconstructive procedures were 

excluded from the study. In the first evaluation of 

each patient, standard forearm anteroposterior and 

lateral X ray graphies were obtained. All of the frac-

tures were classified according to the AO/OTA clas-

sification system. Informed consent was obtained 

from all of the patients preoperatively. Ethics com-

mittee approval (decision no: B.30.2.ATA.0.01.00/92 

and dated 06. 07.2013) was granted from Ethics 

Committee of Ataturk University. 

There were 10 Type 1 or 2 open fractures and 94 

closed forearm fractures. The study population con-

sisted of 80 (76.92%) males and 24 (23.07%) females. 

Median age of the patients were 36.28 years (range, 
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18-63 years). Etiologic mechanisms of the fractures 

were determined as a fall from a height in 56 

(53.84%), traffic accidenst in 32 (30.76%), workplace 

accidents in 8 (7.69%) and assaults in 8 (7.69%). In 96 

patients there was no additional trauma. Pathologies 

concomitant to the forearm fractures were femur 

fractures in 2, acetabulum fractures in 2, mandibular 

fractures in 2, and tibial fractures in 2 patients. 

Table 1. Patients’ medical information and demographic distri-
bution.

Number of patients

Gender distribution (n)
 Female
 Male

Average age

Trauma etiology (n)
 Traffic accident
 Fall
 Work injury
 Sports injury
 Assault

Additional Trauma
 No additional trauma
 Additional fracture

Fractured bone
 Radius
 Ulna
 Both radius and ulna

Fractured forearm
 Right
 Left
 Both Right and Left

AO/OTA fracture type (n)
 Type A1
 A2
 A3
 Type B1
 B2
 B3
 Type C1
 C2
 C3

Preoperative Compartment Syndrome

Closed fracture (n)
Type 1-2 Open fracture (n)

Time Until Operation (hour)

Anesthesia Type
 Regional Anesthesia
 General Anesthesia

LC-DCP Plak

104

24 (23.07%)
80 (76.92%)

36.28 (18-63) 

32 (30.76%)
56 (53.84%)

8 (7.69%)
- (-%)

8 (7.69%)

76 (73.07%)
28(26.92%)

34 (32.69%)
34 (32.69%)
36 (34.61%)

58 (55.76%)
44 (42.30%)

2 (1.92%)

20 (19.23%)
24 (23.07%)
12 (11.53%)
16 (16.7%)
8 (7.69%)

14 (13.46%)
4 (3.84%)
2 (1.92%)
4 (3.84%)

2 (1.92%)

104 (100%)
0 (0%)

17.23 (6-48)

50 (48.07%)
54 (51.92%)

The forearm fractures involved only ulna in 34, and 

radius in 34, and both radius and ulna in 36 cases. 

The fracture was in the right forearm in 58 (55.76%), 

the left forearm in 44 (42.30%) and both in 2 (1.92%) 

patients. According to the AO/OTA classification sys-

tem, 20 patients were recorded as 22A1, 24 as 22A2, 

12 as 22A3, 16 as 22B1, 8 as 22B2, 14 as 22B3, 4 as 

22C1, 2 as 22C2, and 4 as 22C3. In the neurovascular 

examination, no pathology was determined in any 

patient. 

At the time of first presentation, closed reduction 

and plaster cast fixation was not applied to any 

patient. In the period from first evaluation to sur-

gery, a long-arm splint was applied as temporary 

fixation and during this period, as a routine practice 

anti-edema treatment, analgesic support and 

extremity elevation were applied. The median time 

to surgery was mean 17.23 hours (range, 6-48 

hours). Regional anesthesia was used in 50 and gen-

eral anesthesia in 54 patients. The demographic data 

of the patients are shown in Table 1. 

Surgical Technique

All the patients were operated in supine position with 

their arms on an arm board. For a radius fracture, the 

Henry approach was used, extending between the 

radial styloid in the forearm volar region and the biceps 

tendon felt in the antecubital region. For an, a transcu-

taneous approach was used extending along the edge 

of the ulna felt below the skin. 

In fractures of both the radius and ulna, ulna was 

fixed primarily. As the ulna is the touchstone of fore-

arm length, fixation in the practical application was 

started with the ulna. ulna fracture It was thought 

that maximum bowing and the interosseous distance 

could be created more easily when forearm length 

was achieved, so in cases with fractures of both 

bones, fixation of the ulna was applied first, regard-

less of the comminution status of the fracture. In 

multi-fragmented fractures, the length of the frac-

tured side was determined based on the radiological 

images of the unaffected extremity. 
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During fracture fixation, the periosteum was protected 

and not stripped as far as possible. Taking the AO prin-

ciples as the basis in fracture fixation, after applying the 

compression screws to the two holes closest to the 

fracture, reduction was obtained with the reduction 

clamp, the screws were tightened and compression 

was created, then fixation the bone was provided as far 

as possible with locking screws. 

For fracture fixation of both the radius and the ulna, 

3.5mm LC-DCP plates were used. The fracture was fixed 

in a way so that at least 6 cortex screws could be 

applied to the proximal and distal parts. In fractures 

with a free fragment which was large enough to be held 

with a butterfly screws, before placement of the plate, 

the free fragment was fixed with lag screws in a way not 

to obstruct the plate.

After fixation, a final check of the reduction was made 

under fluoroscopy, a negative pressure drain was 

applied to each patient and after closure of the wound, 

a long-arm splint was applied. 

RESULTS

Average follow-up period was 91.19 weeks (range, 

12-170 weeks). Average perioperative blood loss was 

36.38 ml (range, 7-150 ml). The average time to 

bone union was mean 10.82 weeks (range, 8-20 

weeks). The average operating time was 44.67 mins 

(range, 17-85 mins) and the average length of hospi-

tal stay was 3.65 days (range, 2-10 days).

Autogenous bone graft was used in 6 (5.76%) patients 

and there was no requirement for graft in 98 (94.23%) 

patients. Any iatrogenic neurovascular damage did 

not occur in any patient. All of the patients had been 

maintained in short arm splint for 3 weeks. Passive 

joint range of movement exercises were performed 

for the next 3 weeks and from the 6th week onwards, 

active exercises were allowed. 

According to the evaluation of the functional and 

bone union results using the Grace-Eversmann crite-

ria (18), the results were excellent in 36 (34.61%), 

good in 34 (32.69%), acceptable in 34 (32.69%) and 

there were no unacceptable results. The average 

DASH score (19) was 12.75 (range, 3.3-38.8). 

Complete bony union was noticed in all of the cases 

according to the Anderson Union Evaluation Criteria 

(20). Delayed union or non-union was not detected 

in any case. According to the Anderson Functional 

Evaluation Scale (20), the results were excellent in 

100 (96.15%), and good in 4 (3.84%) patients; while 

any moderate or poor results were not recorded 

(Figure 1).

Figure 1. A. Radıus, ulna comminuted fracture, B. Radius, ulna fracture with long arm splint, C. Radius, ulna union 
after treatment lateral view, D. Radius, ulna union after treatment AP view.
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There was no requirement for any additional fixation 

method during follow-up in any patient and any 

implant irritation or failure was not observed in any 

patient. After union, the implant was removed on 

request from 10 patients who had no subjective 

complaints. The implants were removed at an aver-

Table 2. Assesment of post treatment and surgery data of 
patients in our study.

Follow-up period, (week)

Surgery period (minute), (range)

Graft Need 
 No need
 Autogen Graft
 Allograft

Immobilization period (day), (range)

Grace-Eversman ratio (n,%)
 Perfect
 Good
 Acceptable
 Not acceptable

DASH score (range)

Anderson Union Assesment
 Union
 Delayed union
 Nonunion

Anderson Functional Assesment Scale
 Excellent
 Good
 Moderate
 Bad

Union period (week) (range) 

Post Follow up ROM (degree) (range)
 Supination
 Pronation

Grip strength (kgw), (range)

Bleeding during surgery (ml), (range)

Complication ratio

Elbow joint ROM (degree) (range)
 Flexion
 Extension

Wrist joint ROM (degree) (range)
 Dorsiflexion
 Volar flexion

Radiological Evaluation, (range)
 MRI
 MRIL

LC-DCP

91.19 (12-170)

44.67 (17-85)

98 (94.23%)
6 (5.76%)

0 (0%)

3.19 (1-7)

36 (%34.61)
34 (%32.69)
34 (%32.69)

0 (%0)

12.75 (3.3-38.8)

104 (100%)
0 (0%)
0 (0%)

100 (96.15%)
4 (3.84 %)

0 (0%)
0 (0%)

10.82 (8-20)

75.23 (65-80)
85.03 (74-90)

54.30 (30-110)

36.38 (7-150)

0 (%0)

142.71 (123-145)
0.69 (0-5)

78.44 (74-80)
74.5 (65-79)

14.4 (12-17)
%58.5 (52-70)

age of 16 months (range, 12-30 months) and any 

refracture was not observed in any of the patients 

where the implant was removed. 

Grip strength was measured with hand dynamome-

try, and was determined as mean 54.30 KGW (range, 

30-110 KGW) in the fractured arm and mean 59.83 

KGW (range, 35-129 KGW) in the healthy contralat-

eral hand. No statistically significant difference was 

determined between the two sides (p<0.05). 

Supination was evaluated as mean 75.23° (range, 

65°-80°) in the treated arm and mean 79.96° (range, 

78°-80°) in the healthy arm. Pronation was evaluated 

as mean 85.03° (range, 74°-90°) in the treated arm 

and mean 90° (range, 90°-90°) in the healthy fore-

arm. Elbow joint flexion was evaluated as mean 

142.71° (range, 123°-145°) in the treated arm and 

mean 144.38° (range, 143°-145°) in the healthy fore-

arm. Elbow joint extension was evaluated as mean 

0.69° (range, 0°-5°) in the treated arm and mean 

0.11° (range, 0°-3°) in the healthy forearm. Wrist 

joint flexion was evaluated as mean 74.5° (range, 

65°-79°) in the treated arm and mean 75.01° (range, 

74°-79°) in the healthy forearm. Wrist joint exten-

sion was evaluated as mean 78.44° (range, 74°-80°) 

in the treated arm and mean 79.92° (range, 78°-80°) 

in the healthy forearm. The results are shown in 

Table 2. 

DISCUSSION

The primary aim of the fixation of forearm diaphy-

seal fractures is full anatomic reduction. The radius 

curve and continuity of the interosseous distance 

must be provided in forearm diaphyseal fractures 
[2,21,22]. Insufficient anatomic reduction in forearm 

fractures is an important factor affecting forearm 

rotation [23]. There are studies which have reported 

that when the coronal curve of the radius is impaired, 

the forearm rotation movement is impaired [24-27]. So 

achieving anatomic reduction and a stable and rigid 

fixation is imperative in the open fixation of foream 

diaphyseal fractures. However, some studies where 
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intramedullar fixation has been applied have report-

ed that even if full anatomic reduction is not pro-

vided, good functional results can be obtained.

Open reduction and internal fixation (LC-DCP) is cur-

rently the most widely used and accepted fixation 

method in the treatment of forearm diaphyseal frac-

tures. Radius and ulna is curved in both the sagital 

and coronal planes. In the application of plate osteo-

synthesis, it is generally aimed to achieve alignment 

in the coronal plane, disregarding the curves in the 

sagittal plane. During the operation, if sufficient con-

tact of the plate in the distal or proximal parts may 

not achieved, then the plate may not come entirely 

in contact with the bone in the transverse axis. 

Implants can be developed suitable to the anatomic 

curvatures or the fracture level in both planes. 

There are few comparative studies in the literature 

related to the fixation of forearm fractures [28,29]. The 

majority of these comparative studies have exam-

ined and evaluated union of the fracture, the fore-

arm pronation and supination degrees obtained at 

the final follow-up and complication rates. The 

results of fixation obtained in the current study and 

the comparisons with studies in literature are shown 

in Table 3. However, there is no published study 

which explains the relationship between the extend 

of forearm supination and pronation obtained with 

the amount of anatomic reduction provided with 

adequate and necessary borders of maximum radial 

curve reconstruction. In addition, the union and 

functional evaluations made in recent studies were 

not seen to sufficiently meet the Grace-Eversmann 

and Anderson criteria which have been used in all 

the studies. As functional results are important, 

there can be considered to be a need for an updated 

evaluation system including the amount of 

interosseous membrane damage and the degrees to 

which the distal and proximal radioulnar joints are 

affected. 

The use of autogenous bone graft in the primary 

surgery for the forearm fractures is controversial. 

Some studies in the literature have recommended 

the use of non-vascularised, corticocancellous auto-

genic bone grafts for forearm fractures with a defect 

or where pseudoarthrosis has developed [30-32]. There 

are also studies which have reported that the use of 

autogenic bone graft during primary fixation of frag-

mented forearm fractures has reduced the time to 

union [33,34]. Burwell and Chaney recommended that 

autogenic bone graft should be used in cases where 

rigid fixation cannot be achieved [35]. In a retrospec-

tive study by Wei et al, which included 64 patients, 

25% of which were fragmented fractures, it was 

reported that the use of graft did not change the 

union rates or time to union in primary forearm dia-

physeal fractures [17]. There are potential risks to the 

use of autogenic bone graft, such as donor site mor-

bidity [36], late integration of the graft with the fore-

arm bone and infection [37]. In this study, autogenous 

corticocancellous bone graft was used in 6 patients 

with comminuted fractures, and it was considered 

that a rigid fixation could not be provided. 

Implant removal in forearm fracture surgery after 

union is a matter of debate [30,31]. Higher refracture 

rates have been reported in open, fragmented, frac-

tures developing after high-energy trauma, in frag-

mented fractures with insufficient compresson and 

reduction and in the presence of another fracture in 

the same extremity [38,39]. Implant removal at least 8 

months postoperatively has been reported to reduce 

the refracture rates [38,39]. In the current study, the 

implant was removed after bone union due to 

patients’ requests in 10 cases, although the patients 

had not subjective complaints. No refracture was 

observed during follow-up in any of these patients. 

Apart from the cases of pathology associated with 

the fracture (eg, irritation, infection, pseudoarthro-

sis), removal of the implant after bone union should 

not be considered necessary in forearm diaphyseal 

fractures.

 

Ethics Committee Approval: Approval was obtained 

from the Ethics Committee of Atatürk University (No: 

B.30.2.ATA.0.01.00 / 92 and 07.06.2013).



147

A. Köse ve ark., Retrospective Evaluation of Adult Diaphyseal Forearm Fractures Result In The Treatment Of Plate Osteosynthesis

Conflict of Interest: The authors report no conflict 

of interest.

Funding: No financial support.

Informed Consent: Informed consent was obtained 

in all patients preoperatively.

REFERENCES

1. Charles A. Rockwood. Rockwood and Green’s Fractures 
in Adults 6th edition. Lippincott Williams & Wilkins; 
2011.p.965-87.

2. Stannard JP, Schmidt AH, Kregor PJ. Surgical Treatment 
of Orthopaedic Trauma. Thieme; 2010;340-61.

3. Canale ST. Campbell’s Operative Orthopaedics 12 
Edition. Philadelphia: Mosby; 2013. 2887-90

4. Chung KC, Spilson SV. The frequency and epidemiology 
of hand and forearm fractures in the United States. J 
Hand Surg Am. 2001;26:908-15.

 https://doi.org/10.1053/jhsu.2001.26322
5. Markolf KL, Lamey D, Yang S, Meals R, Hotchkiss R. 

Radioulnar load-sharing in the forearm. A study in 
cadavera. J Bone Joint Surg Am. 1998;80:879-88.

 https://doi.org/10.2106/00004623-199806000-00012
6.  Andrew, H. Fractures of shoulder, arm, and forearm. 

Campbell’s operative orthopaedics. 10th ed. 
Philadelphia: Mosby; 2003;3058-66.

7.  Arens S, Schlegel U, Printzen G, Ziegler WJ, Perren SM, 
& Hansis M. Influence of materials for fixation implants 
on local infection. An experimental study of steel ver-
sus titanium DCP in rabbits. J Bone Joint Surg Br. 
1996;78:647-51.

 https://doi.org/10.1302/0301-620X.78B4.0780647
8.  Dodge HS, Cady GW. Treatment of fractures of the 

radius and ulna with compression plates. J Bone Joint 
Surg. 1972;54A:1167-76.

 https://doi.org/10.2106/00004623-197254060-00003
9.  Gautier E, Ganz R. The biological plate osteosynthesis. 

Zentralblatt fur Chirurgie. 1994;119:564-72.
10. Gautier E, Perren S. Limited Contact Dynamic Compression 

Plate (LC-DCP)--biomechanical research as basis to new 
plate design. Der Orthopade. 1992;21:11-23.

11. Miclau T, Remiger A, Tepic S, Lindsey R, McIff T. A 
mechanical comparison of the dynamic compression 
plate, limited contact-dynamic compression plate, and 
point contact fixator. J Orthop Trauma. 1995;9:17-22.

 https://doi.org/10.1097/00005131-199502000-00003
12. Maurice ME, Allgöwer M, Perren SM. Manual of inter-

nal fixation: techniques recommended by the AO-ASIF 
group. Springer Science & Business Media, 1991.

13. Perren SM. The concept of biological plating using the 
limited contact-dynamic compression plate (LC-DCP). 
Scientific background, design and application. Injury. 

1991;22 Suppl 1:1-41.
 https://doi.org/10.1016/0020-1383(91)90123-V
14. Rodriguez-Merchan EC and Gomez-Castresana F. 

Internal fixation of nonunions. Clinical Orthopaedics 
and Related Research. 2004;419:13-20.

 https://doi.org/10.1097/00003086-200402000-00004
15. Rosson JW. Refracture after the removal of plates from 

the forearm. An avoidable complication. Bone & Joint 
Journal 1991;73(3):415-7.

 https://doi.org/10.1302/0301-620X.73B3.1670441
16. Roy D, Crawford A. Operative management of fractures 

of the shaft of the radius and ulna. Orthop Clinic North 
Am. 1990;21:245-50.

17. Wei SY, et al. Diaphyseal forearm fractures treated with 
and without bone graft. J Trauma and Acute Care Surg. 
1999;46(6):1045-8.

 https://doi.org/10.1097/00005373-199906000-00011
18. Grace TG, Eversmann WW Jr. Forearm fractures: treat-

ment by rigid fixation with early motion. J Bone Joint 
Surg Am. 1980 Apr;62(3):433-8.

 https://doi.org/10.2106/00004623-198062030-00013
19. Hudak P, et al. “Development of an upper extremity 

outcome measure: the DASH (Disabilities of the Arm, 
Shoulder, and Hand).” Am J Industrial Med. 1996;29(6): 
602-8.

 https://doi.org/10.1002/(SICI)1097-0274(199606)29: 
6<602::AID-AJIM4>3.0.CO;2-L

20. Anderson LD, Sisk D, Tooms RE, Park WI. Compression-
plate fixation in acute diaphyseal fractures of the radius 
and ulna. J Bone Joint Surg Am. 1975;57:287-97.

 https://doi.org/10.2106/00004623-197557030-00001
21. Schemitsch EH, Jones D, Henley MB, Tencer AF. A com-

parison of malreduction after plate and intramedullary 
nail fixation of forearm fractures. J Orthop Trauma. 
1995;9:8-16.

 https://doi.org/10.1097/00005131-199502000-00002
22. Schemitsch EH, Richards RR. The effect of malunion on 

functional outcome after plate fixation of fractures of 
both bones of the forearm in adults. J Bone Joint Surg 
Am. 1992;74:1068-78.

 https://doi.org/10.2106/00004623-199274070-00014
23. Van Riet RP, Van Glabbeek F, Neale PG, et al. Anatomical 

considerations of the radius. Clin Anat. 2004;7:564-9.
 https://doi.org/10.1002/ca.10256
24. Köse A, Aydın A, Ezirmik N, Can CE, Topal M, Tipi T. 

Alternative treatment of forearm double fractures: 
new design intramedullary nail. Archives of Orthopaedic 
and Trauma Surgery. 2014;134:1387-96.

 https://doi.org/10.1007/s00402-014-2058-9
25. Matthews LS, Kaufer H, Garver DF, Sonstegard DA. The 

effect on supination-pronation of angular malalign-
ment of fractures of both bones of the forearm. J Bone 
Joint Surg Am. 1982;64:14-7.



148

İKSSTD 2019;11(3):141-148

 https://doi.org/10.2106/00004623-198264010-00003
26. Tarr RR, Garfinkel AI, Sarmiento A. The effects of angu-

lar and rotational deformities of both bones of the 
forearm. An in vitro study. J Bone Joint Surg Am. 
1984;66:65-70.

 https://doi.org/10.2106/00004623-198466010-00010
27. Tynan MC, Fornalski S, McMahon JP. The effects of 

ulnar axial malalignment on supination and pronation. 
J Bone Joint Surg Am. 2000;82:1726-31.

 https://doi.org/10.2106/00004623-200012000-00005
28. Behnke NM, Redjal HR, Nguyen VT, Zinar DM. Internal 

fixation of diaphyseal fractures of the forearm: a retro-
spective comparison of hybrid fixation versus dual 
plating. Journal of Orthopaedic Trauma. 2012;26: 
611-6.

 https://doi.org/10.1097/BOT.0b013e31824aee8e
29. Lee SK, Kim KJ, Lee JW, Choy WS. Plate osteosynthesis 

versus intramedullary nailing for both forearm bones 
fractures. European Journal of Orthopaedic Surgery & 
Traumatology. 2014;24:769-76.

 https://doi.org/10.1007/s00590-013-1242-x
30. Barbieri, C. H., et al. Use of a bone block graft from the 

iliac crest with rigid fixation to correct diaphyseal 
defects of the radius and ulna. The Journal of Hand 
Surgery: British & European Volume 1997;22(3):395-
401.

 https://doi.org/10.1016/S0266-7681(97)80411-1
31. Grace TG, and Eversmann WW. The management of 

segmental bone loss associated with forearm frac-
tures. J Bone Joint Surg Am. 1980;62(7):1150-5.

 https://doi.org/10.2106/00004623-198062070-00014

32. Miller RC and Phalen GS. The repair of defects of the 
radius with fibular bone grafts. J Bone Joint Surg Am. 
1947;29(3):629-36.

33. Langkamer VG and Ackroyd CE. Internal fixation of 
forearm fractures in the 1980s: lessons to be learnt. 
Injury 1991;22(2):97-102.

 https://doi.org/10.1016/0020-1383(91)90063-K
34. Ross ERS, et al. Retrospective analysis of plate fixation 

of diaphyseal fractures of the forearm bones. Injury 
1989;40(4):211-4.

 https://doi.org/10.1016/0020-1383(89)90114-9
35. Nevile BH and Charnley AD. “Treatment of forearm 

fractures in adults with particular reference to plate 
fixation.” Bone & Joint Journal 1964;46(3):404-25.

 https://doi.org/10.1302/0301-620X.46B3.404
36. Younger EM and Chapman MW. Morbidity at bone 

graft donor sites. J Orth Trauma 1989;3(3):192-5.
 https://doi.org/10.1097/00005131-198909000-00002
37. Enneking WF, Eady JL and Burchardt HANS. Autogenous 

cortical bone grafts in the reconstruction of segmental 
skeletal defects. J Bone Joint Surg Am 62.7 
1980;62(7):1039-58.

 https://doi.org/10.2106/00004623-198062070-00001
38. Deluca PA, Lindsey RW, Ruwe PA. Refracture of bones 

of the forearm after the removal of compression 
plates. J Bone Joint Surg Am. 1988;70:1372-6.

 https://doi.org/10.2106/00004623-198870090-00015
39. Labosky DA, Cermak MB, Waggy CA. Forearm fracture 

plates: to remove or not to remove. J Hand Surg Am. 
1990;15:294-301.

 https://doi.org/10.1016/0363-5023(90)90112-5


