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Abstract. A greenstick fracture is an incomplete fracture 
where the compressive side of the cortex is still intact but plas-
tically deformed. The incidence of poor results following the 
closed treatment of greenstick fractures in children >10 years 
of age is seriously underestimated. Therefore, fixing the posi-
tion of the forearm is important for initial treatment. In cases 
of greenstick fracture, the possibility of inadequate remodeling 
of angulated deformities during growth, and in particular, the 
lack of correction between rotational malalignment and growth 
when the diaphyseal forearm is involved in the fracture, should 
be considered. A male, 10‑year‑old, left hand‑dominant, Asian 
patient fell while playing in the garden and was immediately 
assessed by an orthopedic doctor at an Emergency Orthopaedic 
Clinic. Initial examination revealed a deformity of his dominant 
left forearm and an angulated greenstick fracture of the radius. 
However, after 3 months, he developed loss of supination of 
his left forearm and complained of limitation of left forearm 
supination. Radiography demonstrated a volar angulation of 
20 .̊ The patient underwent open reduction, internal fixation 
and 10˚ bending with a plate for correction without corrective 
rotation. At 12 months after injury, the patient did not exhibit 
pain or limitation of the elbow and wrist. After follow‑up for 
7 years, the patient was able to perform normal day‑to‑day 
activities with no adverse symptoms. The present case indi-
cated that corrective osteotomy is required following the loss 
of supination after a greenstick fracture of the diaphysis of the 
radius. The patient of the current study exhibited rotation due 
to the central band of the interosseous membrane. In the treat-
ment of greenstick fractures, a radius apex angulation of 20˚ 

must be corrected via osteotomy due to loss of rotation. The 
present case indicated that corrective osteotomy of the radius 
apex alone without rotational correction, in combination with 
plate bending improved the loss of forearm rotation.

Introduction

The shape of the radius is important for normal forearm rota-
tion. A forearm fracture is the third most common pediatric 
fracture (1‑3), probably because the bones are weaker, and 
the gold standard for such fractures remains closed reduction 
and casting (2). These fractures are classified as greenstick, 
complete, or plastic deformation; 82.5% of forearm fractures 
are greenstick fractures (4). Rotational deformity occurs more 
often in greenstick fractures than in complete fractures, and 
the radius deformities are the direct effect of forearm rotation. 
Moreover, the diaphysis has less self‑correction ability, and 
the rotation transposition is not corrected (2). Such fractures 
are treated by correcting the rotational and angular malalign-
ments simultaneously by reversing the mechanism of injury, 
with follow‑up radiography at >6 weeks (3). On the other hand, 
malunion of pediatric forearm fractures can cause permanent 
functional disability with limitation of forearm rotation. In 
children with functional disability, corrective osteotomy is 
indicated when there is malunion of a fracture in the midshaft 
of the forearm (5).

In this study, malrotation of the forearm that resulted in 
a malunion of a diaphyseal fracture of the radius 3 months 
after injury is presented. Radius apex angulation was 
improved by corrective osteotomy. This study suggests that 
the anatomic characteristics of the interosseous membrane 
affect forearm greenstick fractures. The interosseous 
membrane contributes to forearm stability, especially the 
central band (CB), which consists of a thin membranous part 
and a thick ligamentous part, that interferes with rotation 
after a forearm fracture (6,7). Based on the literature, we 
suggest that the fixed position of the forearm is important 
for the initial treatment of greenstick fractures, and radius 
apex angulation of 20˚ must be corrected by osteotomy due 
to loss of rotation. In the present case, follow‑up at 7 years 
demonstrated full range of wrist and elbow movement and 
no adverse symptoms, and no malunion was observed on 
radiographs of the forearm.
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Case report

A 10‑year‑old, left hand‑dominant, Asian boy fell from a 
height of 1 meter playing in the garden. He noticed pain and 
swelling around his forearm and presented immediately to a 
nearby emergency department. Initial examination showed 
deformity, tenderness, and swelling of his left forearm. 
Full‑length forearm radiographs were performed, confirming 
an angulated greenstick fracture of the middle third of the 
radius (Fig. 1). The radiographic diagnosis was incomplete 
fracture of the diaphysis of the left radius. The limb was 
fixed by a plaster slab with the forearm in the neutral position 
without repositioning. Three weeks after the injury, follow‑up 
radiographs were taken (Fig. 2). However, after 3 months, loss 
of supination of the left forearm appeared, and he presented to 
our emergency department with limitation of supination of the 
left forearm. The left forearm range was 45˚ with the forearm 
in supination and 100˚ in pronation (Fig. 3). Range of motion 
of the elbow and wrist was unlimited, and there was no tender-
ness at the fracture and interosseous membrane. Radiography 
showed volar angulation (20 ;̊ Fig. 4).

The following day, the injury was treated surgically under 
general anesthesia. Written, informed consent was obtained 
from the patient and the patient's legal guardian for publica-
tion of this case report and any accompanying images. A 
copy of the written consent is available for review by the 
Editor‑in‑Chief of this journal. Open reduction and internal 
fixation of the radial shaft fracture were performed using a 
1/3 tubular plate with 4 holes with screw diameters of 3.5 mm 
(standard cortical screws; Synthes, Paoli, PA) (8,9), which were 
bent 10˚ for corrective fixation (Figs. 5 and 6). Rotation was 
not corrected; only the apex angulation was corrected through 
an anterior approach to the radius.

At 12 months, the patient had no pain or limitation of the 
elbow and wrist and could carry out his normal day‑to‑day 
activities. The range of motion was 0‑130˚ at the elbow, exten-
sion of 70˚ and flexion of 80˚ at the wrist, and supination of 
85˚ and pronation of 90˚ at the forearm, although the radius 
showed a volar angulation deformity of 10˚ on radiographic 
examination (Fig. 7).

The patient had full range of movement of his left forearm 
and underwent plate removal from the left radius under general 
anesthesia 2 years after the corrective surgery. Moreover, 
follow‑up at 7 years demonstrated the full range of wrist and 
elbow movements and no adverse symptoms. Postoperative 
radiographs at the 7‑year follow‑up evaluation (Fig. 8) demon-
strated improved radiographic parameters, including improved 
alignment of the hand and elbow.

Discussion

A greenstick fracture is an incomplete fracture in which the 
compressive side of the cortex is still intact but plastically 
deformed. The incidence of poor results from closed treat-
ment of such fractures in children greater than 10 years of 
age is seriously underestimated (10‑12). Therefore, the fixed 
position of the forearm is important in the initial treatment of 
greenstick fractures, and in a case with radius apex angulation 
of 20 ,̊ we suggest that osteotomy must be performed for loss 
of rotation. The point of this study is that attention should be 

paid to the position of fixation in conservative treatment and 
that the rotational limitation of the forearm recovered without 
correcting the rotation of the radius with only correction of 
apex angulation by corrective osteotomy. Although it has been 
an issue in the past, this is not well known in actual clinical 
practice. In fact, even in this case, a mature orthopedic surgeon 
had developed rotational deformation due to the insufficiency 
of the fixed position in conservative treatment. We need to 
reconfirm it as a warning to orthopedic surgeons including 
us. Although fractures in children are neglected, I think it 
is crucial in that there are few articles that report cases of 
indications for corrective osteotomy of diaphyseal forearm in 
children (13). In addition, I think that it is rare to observe cases 
up to 7 years after surgery.

It has been previously reported that adequate remodeling 
of angulated deformities in children did not occur with growth, 
particularly when the diaphyseal forearm was involved in the 
fracture, and there was also no correction of rotational malalign-
ment with growth  (14,15). Permanent functional disability 
with limitation of forearm rotation can occur in children with 
malunion of forearm fractures. A previous study showed that, 

Figure 2. Radiographs demonstrating the displacement of both forearm bone 
fractures two months after the injury occurred. The fracture appears reduced 
in the neutral position. Bowing apposition with minimal angulation and rota-
tional malalignment was accepted in the first orthopedic clinic. The fracture 
healed in this position.

Figure 1. Initial radiographs at the previous orthopedic clinic revealed 
diaphyseal fractures of the radius. Full‑length forearm radiographs were 
requested, which confirmed fracture of the middle third of the radius. An 
angulated greenstick fracture of the radius is presented.
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for pediatric forearm fractures, the age of 10 years was the 
limit for conservative therapy, because self‑correction ability 
starts to decrease at ≥10 years, and it then disappears between 
12 and 13 years (8). Furthermore, the self‑correction ability of 

the diaphysis is less, and there is no correction of the rotational 
transposition. Forearm diaphysis fractures are unforgiving, and 
because diaphyseal bone has less remodeling capacity, less 
angulation is acceptable (16). Therefore, when stable fractures 
or displaced fractures can be anatomically reduced correctly, 

Figure 4. Radiographs obtained at the patient's initial visit to Juntendo 
University Shizuoka Hospital (Shizuoka, Japan) during which he exhibited 
imitated supination of the left forearm. Radiography revealed a volar angula-
tion of 20˚ (horned transformation) and malrotation.

Figure 3. The patient was admitted to the Emergency Department of Juntendo 
University Shizuoka Hospital (Shizuoka, Japan) after exhibiting limitation of 
supination in the left forearm. The left forearm range of motion was 45˚ in 
supination and 100˚ in pronation. The red line indicates malalignment of the 
forearm with rotation and limited supination.

Figure 5. Surgical results. Bone osteotomy was performed at the fracture 
line. The malunion of the fracture was corrected via angulation and fixation 
(A) with a 10˚ bent plate (B) without overcorrection and rotation.

Figure 6. Postoperative antero‑posterior and lateral radiographs of the 
forearm. (A) The postoperative antero‑posterior and lateral radiographs 
of the forearm. (B) Angular deformation of 10 .̊ The range of motion was 
improved to 90˚ in supination and 85˚ in pronation, with no difference 
compared with the right forearm.

Figure 7. Images obtained at the last clinical examination, 12  months 
following injury. Follow‑up clinical images obtained 12 months after injury 
revealed full elbow flexion/extension and full forearm supination/pronation.
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conservative therapy with a long arm cast is the first‑choice 
therapy. In patients 0 to 8 years of age with fracture angulation 
>20˚ and malrotation >45 ,̊ closed reduction is indicated. Similar 
studies have reported that sufficient remodeling of malunion of 
20‑30˚ is unlikely after 9 years of age, and that such cases require 
correction as soon as soft tissue recovery from the initial immo-
bilization has occurred (13). Moreover, patients 8 to 14 years of 
age with fracture angulation >5˚ and malrotation >30˚ require 
closed reduction (17). In clinical practice, the forearm rotation 
range is 145‑170 ,̊ and 50% restriction of excursion is accepted. 
On the other hand, function is not impaired with loss of 20‑30˚ 
of rotation; moreover, loss of supination presents more problems 
than loss of pronation (18). A previous study showed that, in 
forearm diaphyseal fractures, loss of rotation can occur with 
angulation of 15‑20˚ (16).

It has previously been shown that excellent functional results 
can be obtained with a corrective osteotomy technique with 
few complications. Therefore, corrective osteotomy should be 
performed at the earliest opportunity (19). In recent studies, 
three‑dimensional‑planned, patient‑specific guides and implants 
have been shown to facilitate precise corrective osteotomies of 
complex multiplanar forearm deformities, and the preliminary 
results have been satisfactory (20‑22). However, another study 
indicated that, with an accurate understanding of forearm 
anatomy and appropriate X‑ray views (with the tuberosity of the 
radius approximately on the opposite side of the radial styloid 
process), the corrective osteotomy procedure can be simplified 
and performed with fluoroscopy alone, without the need for 
computed tomography (13). Osteotomy was performed in the 
present patient only with correction of apex angulation, based 
solely on knowledge of the anatomical structure of the forearm 
and fluoroscopy.

The radius bent anatomically in our patient, with a possi-
bility that rotational malalignment occurred at the same time 
as the apex deformity, but our concern was about dissection and 
the function of the interosseous membrane. A previous study 
suggested that rotation caused the apex to remain anterior (23). 
In addition, when there are angular deformities of the radius 
and ulna, tension is produced in the interosseous membrane, and 
this tension impairs the radius's rotation around the mechanical 
axis of the forearm (24).

Angulation of the apex in this case increased from 10˚ 
to 20˚ due to the interosseous membrane, which consists of 
a thin membranous part and a thick ligamentous part, the 
CB, which has 2 to 3 times the thickness of the membra-
nous part, is responsible for 71% of interosseous membrane 
stiffness, and is the second principal stabilizer of the radius. 
The CB contributes to the stability of the radius (25). The 
CB leads to the ulna from approximately 62% of the distal 
radius (25). In the present case, radius fracture lines may 
have been proximal to the footprint of the CB band, so that 
the X‑rays indicated horned transformation of the fracture 
with the pronated position short arm spica cast and the distal 
fragment pulled by a distal CB band. Therefore, the radius 
appeared to be pronated through the CB of the interosseous 
membrane because this was a greenstick fracture, and the 
radius changed onto the palm side, with loss of supination. It 
seems that the width of the interosseous membrane is smallest 
in pronation (radius and ulna closer) due to an anatomical 
feature of the interosseous membrane related to the supina-
tion limit; the interosseous membrane width is greatest in 
the middle rank (radius and ulna far) in a neutral or slightly 
supinated position (approximately 30˚), but the repositioning 
suggested of forearm fractures in this position is unstable.

Although the possibility of contracture of the interos-
seous membrane was considered in the present case, the 
patient complained of loss of supination of the left forearm 
without tenderness or induration. In the surgery, pronation 
became smoother with osteotomy of the fracture region, 
and contracture of the interosseous membrane seemed 
unlikely. Of note, the rotational limitation of the forearm 
recovered without correcting the rotation of the radius with 
only correction of apex angulation by the plate that was bent 
10˚ by corrective osteotomy. Taking into account previous 
studies (16,17), it was necessary to correct apex angulation 
less than 15 ;̊ therefore, including the correction that would 
occur by remodeling, it was decided to correct the angle at 
10 .̊ This study was similar to and consistent with a previous 
study (23).

Thus, apex angulation of pediatric forearm bone frac-
tures of 20˚ cannot be permitted, and the deformity must be 
reduced at the patient's first visit, if possible. It is also neces-
sary to consider changing the plan if the forearm deformity is 
greater than 20˚ during conservative treatment.

In conclusion, this case suggests that corrective osteotomy 
was needed for loss of supination after a greenstick fracture 
of the diaphysis of the radius. In the present patient, there was 
rotation due to the CB of the interosseous membrane. In the 
initial treatment of greenstick fractures, the fixed position of 
the forearm is crucial, and radius apex angulation of 20˚ must 
be corrected by osteotomy due to loss of rotation. This case 
indicates that the corrective osteotomy of the radius apex 
alone, without rotational correction, with bending of the plate 
improves the loss of forearm rotation. Follow‑up at 7 years 
demonstrated the full range of elbow and wrist movements 
and no adverse symptoms, and no malunion was observed on 
radiographs of the forearm.
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