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Objective: To provide an accurate harvesting guide to maintain the maximum possible safe dimensions of the
radius for orofacial reconstruction using the osteocutaneous radial forearm free flap.
Material and Method: Two hundred radii of 100 adult formalin-embalmed cadavers (52 males, 48 females)
were measured.
Results: The mean minimum circumference of the radius measured between the pronator teres and
brachioradialis insertions was 41.0 + 4.3 mm. At this point, the mean medio-lateral diameter was 13.4 + 1.6
mm. The mean of the maximum harvested length of the radius between the pronator teres and brachioradialis
insertions was 81.3 + 10.4 mm. On the average, the maximum harvested length of the radius was 34.9% of its
total length. The minimum medio-lateral diameter of the radius was consistently 1-5 mm less than 40% of its
minimum circumference. There was no significant dimensional difference between sides but gender difference
existed in all measurements (p < 0.001), except the maximum harvested length of the radius.
Conclusion: The present study may be helpful to guide reconstructive surgeons for safer harvesting of the
radius using the osteocutaneous radial forearm free flap to repair orofacial defects.

Keywords: Radius, Osteocutaneous radial forearm free flap, Dimension, Orofacial reconstruction

The osteocutaneous radial forearm free flap
(ORFFF) is considered as a useful source of vascu-
larized skin, fascia, and bone for the reconstruction of
orofacial defects following ablative surgery(1-15). The
ORFFF provides a reliable long pedicle, good pliable
skin amenable to sensate reconstruction, and easy
repair for donor site defect(2,16). Reliance on the radial
artery, this flap may be transferred as a composite flap
containing a segment of the underlying radius for
restoring the function and appearance in the orofacial
region. Owing to the muscle attachments, only a
limited segment of the radius between the insertions of
pronator teres (PT) and brachioradialis (BR) muscles
can be harvested with the flap(5) (Fig. 1). A bone length

of 10 to 16 cm(7) or up to 16 cm(9) can be taken and
approximately either 40% of the total circumference of
the radius or 40% of the diameter may be safely
removed(7,9) (Fig. 1).

It is difficult to measure the dimensions of the
radius during the operation because most of the bone
is covered with muscles and their periosteum, which
preserves its blood supply(15). A deficient or super-
fluous amount of radius harvesting is possible. An
excessive amount of the harvested bone can increase
the risk of postoperative fracture which is the greatest
complication at the residual donor site and varies
from 17 to 43%(1,12,17-19). Fractures of the radius have
been virtually eliminated by minimal bone removal
with keel-shaped osteotomies and prophylactic
plating(6,10,11,13,20).

Adequate knowledge of the dimensions of
the radius is important for the surgeon to prevent
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possible complications to the donor but a relative
paucity of studies has been reported on a dimensional
guide to harvesting the radius for the orofacial recon-
struction using the ORFFF(21). No such study has ever
been reported in Thais. Possible gender differences in
these parameters were taken into consideration and
compared with the findings in the former literature.
Therefore, the present study aimed to provide an
accurate guide to harvesting the maximum possible
safe dimension of the radius for the reconstruction of
craniofacial defect and intraoral implants using the
ORFFF.

Material and Method
Two hundred radii from both sides of 100 adult

formalin-embalmed Thai cadavers were investigated in
the present study. These subjects had been partially
dissected in the gross anatomy laboratories by medical
students at the Department of Anatomy of the Faculty
of Medicine Siriraj Hospital and the Faculty of Science
at Mahidol University, and dental students at the
Department of Anatomy of the Faculty of Dentistry at
Chulalongkorn University.

Upon dissection of the forearm, the radial
head, the styloid process, and the insertions of both
muscles were identified (Fig. 2).

The minimum circumference of each radius
between the insertions of PT and BR was measured. At
the point of minimum circumference, the medio-lateral
and the antero-posterior diameters of the radius were
measured. The maximum theoretical length of harvested
bone was also measured as the distance between the
insertions of PT and BR (Fig. 2). The total length of
the radius was measured from the highest point of the
radial head to the lowest point of the styloid process
(Fig. 2).

All measurements were made using sliding
calipers (Mitutoyo®, Japan) capable of measuring to
the nearest 0.01 mm, except for the minimum circum-
ference and total length of the radius, which were
measured by using a measuring tape.

Overall, the complete data of measurements
were tabulated and separated according to side and
gender. The Statistical Package for Social Science
(version 11.5) was used for the analyses. The mean,
standard deviation (SD) and range for each of the
measurements were assessed. The maximum length of
harvested bone of the radius was compared with its
total length as percentage. Comparisons of the values
of all measurements were made between the sides of
each subject and genders using paired and unpaired

Fig. 1 Diagram showed the possible harvested area of the
radius. The length of the harvested radius is the
distance between the insertions of pronator teres
(PT) and brachioradialis (BR) muscles. The width
of harvested area is limited to 40% of the minimum
circumference of the radius between the insertions
of the PT and BR muscles or 40% its medio-lateral
width in the same area

Fig. 2 The dissection of the radius. Distance A is the length
of the harvested radius between the insertions of
pronator teres (PT) and brachioradialis (BR) muscles,
while distance B is the total length of the radius
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t-tests, respectively. The differences between groups
were considered significantly at p < 0.05.

Results
Fifty-two subjects were males and 48 females.

The mean age of the subjects was 70.5 + 12.4 years and
ranged between 39 and 96 years with no significant
age difference between the genders (p = 0.255).

The dimensions of radii relevant to the bone
harvest for orofacial reconstruction and intraoral
implants using ORFFF are shown in Table 1. The mean
value of the minimum circumference of the radius
between the PT and BR insertions was 41.0 + 4.3 mm.
At the point of minimum circumference, the mean
medio-lateral diameter was 13.4 + 1.6 mm. The mean
value of the maximum length of the harvested bone
measured as the distance between the insertions of  PT
and BR was 81.3 + 10.4 mm. The maximum harvested
bone length of the radius as compared with its total
length was 34.9% (Table 1).

A dimensional comparison between the
sides indicated no significant difference but gender
difference existed in all measurements (p < 0.001),
except for the distance between the insertions of PT
and BR (p = 0.150) (Table 1).

Fig. 3 demonstrates the close relation between
the minimum medio-lateral diameter measured between
the insertions of PT and BR muscles and 40% of the
circumference at this point of each radius (r = 0.915).
The minimum medio-lateral diameter of the radius was
consistently 1-5 mm less than 40% of its minimum
circumference.

Measurements of radii (mm)           Total (n = 200)          Males (n = 104) Females (n = 96)

 Mean + SD      Range  Mean + SD      Range  Mean + SD Range

Minimum circumference   41.0 + 4.3   32.0-53.0   43.8 + 3.6   34.0-53.0   38.0 + 2.8*   32.0-45.0
Medio-lateral diameter   13.4 + 1.6   10.2-19.0   14.3 + 1.4   10.8-19.0   12.3 + 1.1*   10.2-15.6
Antero-posterior diameter   11.1 + 1.2     8.9-14.3   11.9 + 0.9     9.8-14.3   10.3 + 0.7*     8.9-12.6
Distance between PT   81.3 + 10.4   60.0-109.1   82.3 + 9.6   65.3-109.1   80.2 + 11.0   60.0-108.9
  and BR insertions (A)
Total length (B) 233.0 + 16.7 186.0-280.0 243.2 + 13.0 216.0-280.0 220.0 + 12.7* 186.0-249.0
40% of circumference   16.4 + 1.7   12.8-21.2   17.5 + 1. 5   13.6-21.2   15.2 + 1.1*   12.8-18.0
Difference between 40%     3.1 + 0.7     0.8-4.9     3.2 + 0.7     1.4-4.9     2.9 + 0.6*     0.8-4.5
  of circumference and
  medio-lateral diameter
A/B (%)   34.9 + 3.9   24.9-45.2   33.9 + 3.7   24.9-45.1   36.1 + 3.8*     2.4-45.2

Table 1. Measurements of 200 radii from 100 subjects and their comparison between genders

PT, pronator teres muscle; BR brachioradialis muscle
Statistical evaluation with the unpaired t-test: * p < 0.001 between males and females

Fig. 3 The close relation between the minimum medio-
lateral diameter and 40% of the circumference at
that point of each radius

Discussion
Since the ORFFF was first described in China

by Yang et al., in 1978, it has become widely accepted
as a reliable flap in many areas of reconstructive
surgery for restoring the orofacial defects and intra-
oral implants(1-15) However, early clinical studies have
reported high rates of donor site complications(4,8,12).
The main criticisms are associated with the postopera-
tive fracture risk of the residual radius and inadequate
harvested bone(4,8,12).

The dimensional study might be a guide to
harvesting the maximum possible safe width and
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length of the radius for orofacial reconstruction
using the ORFFF. The present study is unique in that
the material was harvested from known races and
genders. It was therefore possible to investigate
sexual dimorphism.

The diameter of the radius varies depending
on the plane in which it is measured. The mean
theoretical length of the harvested bone measured
between the insertions of PT and BR in the present
study was 81.3 + 10.4 mm (range, 60.0-109.1 mm). The
harvested radius length was shorter than those in the
previous reports(7,9,21). Collyer and Goodger(21) studied
100 dried cadaveric radii and indicated that the mean
distance between the PT and BR insertions was 110
mm (range, 90-130 mm). Urken(7) stated that a total of 10
to 12 cm and up to 40% of the circumference of the
radius could be harvested. Even after stripping the part
of the insertion of PT and distracting osteotomy sites
of the graft, it would be unusual to obtain the 160 mm
span that has been recorded by Vaughan(9). The
difference in the radius length is partially due to the
race. However, it is sufficient to use the radius with
90-130 mm for the orofacial reconstruction of defects
from cancer and trauma as previously reported by Kim
et al(2) that the mean length of the harvested radius in
52 patients was 63 mm with a range of 25 to 110 mm.

The length of the harvested bone varies in
the wide dimensional range among the individuals.
Total length can be assessed by using preoperative
radiograph, therefore the relative ratio between the
maximum harvested bone length and total length of the
radius should be a more reliable parameter for clinical
use. The ratio was 34.9% in Thais.

The present result shows that the minimum
diameter of the radius from the medial to the lateral
border corresponds closely to 40% of the circum-
ference of the radius. This particular clinical interest
is consistent with the previous study of 100 dried
cadaveric radii(21). The minimum medio-lateral diameter
of the radius was consistently 1-5 mm less than 40% of
its minimum circumference. Therefore, it is suggested
to use the minimum medio-lateral diameter of the radius
to estimate its harvested width.

The mean of the total length of radius
reported in the present study (233.0 + 16.7 mm) was
nearly equal to the previous study in another racial
population (231 mm)(21). Significant difference between
genders was also found in the present study as was
the case in the previous study(22).

The results from the present study show
gender differences in the minimum circumference of

the radius, medio-lateral diameter, antero-posterior
diameter and total length. They were significantly
longer in males than in females (p < 0.001) but the
distance between the insertions of PT and BR was
not different (p = 0.150). Gender variation should be
taken into consideration when the measurements
related to the ORFFF are performed.

In conclusion, the maximum possible safe
length of the harvested radius was 34.9% of its total
length. The minimum medio-lateral diameter of the
radius corresponds closely to 40% of its circum-
ference. The present study may be helpful in guiding
reconstructive surgeons in the safer harvesting of
the radius for the reconstruction of orofacial defect
and intraoral implants using the ORFFF.
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คำแนะนำทางมิติของการเก็บกระดูกปลายแขนท่อนนอกสำหรับการบูรณะช่องปากและใบหน้า

วันดี  อภิณหสมิต, สุพิน  ชมภูพงษ์, ดอลล่ี  เมธาธราธิป, ณัชยา  อมรเมตตาจิต

วัตถุประสงค์: เพื่อหาคำแนะนำที่แม่นยำในการเก็บกระดูกปลายแขนท่อนนอกให้ได้ความกว้างและความยาว
ของกระดูกมากที่สุด และปลอดภัยต่อกระดูกปลายแขนท่อนนอกส่วนที่เหลือ สำหรับการบูรณะช่องปากและใบหน้า
โดยใช้แผ่นเนื้อเยื่อปะปลูกชนิดอิสระออสซิโอคิวทาเนียสเรเดียลฟอร์อาร์ม
วัสดุและวิธีการ: วัดกระดูกปลายแขนท่อนนอกจำนวน 200 อัน จากศพดองฟอร์มาลินผู้ใหญ่ 100 ศพ เป็นเพศชาย
52 คน และเพศหญิง 48 คน
ผลการศึกษา: ความยาวรอบกระดูกปลายแขนท่อนนอกที่น้อยที่สุด ซึ่งอยู่ระหว่างที่เกาะปลายของกล้ามเนื้อ
โพรเนเทอเทเรส กับ เบรคิโอเรเดียลลีส มีค่าเฉลี่ยเท่ากับ 41.0 + 4.3 มม. ณ จุดนี้ เส้นผ่าศูนย์กลางในระนาบ
กลาง-ข้าง มีค่าเฉลี่ยเท่ากับ 13.4 + 1.6 มม. ความยาวมากที่สุดของกระดูกที่สามารถเก็บมาใช้ได้ ซึ่งวัดจากระยะ
ระหว่างท่ีเกาะปลายของกล้ามเน้ือโพรเนเทอเทเรสกับเบรคิโอเรเดียลลีส มีค่าเฉล่ียเท่ากับ 81.3 + 10.4 มม. ความยาว
มากที่สุดของกระดูกปลายแขนท่อนนอกที่สามารถเก็บมาใช้ได้มีค่าเฉลี่ยเป็นร้อยละ 34.9 ของความยาวกระดูกท่อนนี้
นอกจากนี้ยังพบว่าเส้นผ่าศูนย์กลางในระนาบกลาง-ข้างของกระดูกปลายแขนท่อนนอกมีค่าน้อยกว่าร้อยละ 40
ของความยาวโดยรอบกระดูกปลายแขนท่อนนอกระหว่าง 1-5 มม. เมื่อทำการเปรียบเทียบระหว่างด้านจะไม่พบ
ความแตกต่างกันของค่าที่วัดได้ แต่พบความแตกต่างระหว่างเพศในทุกค่าที่ทำการวัด (p < 0.001) ยกเว้นระยะ
ระหว่างที่เกาะปลายของกล้ามเนื้อโพรเนเทอเทเรสกับเบรคิโอเรเดียลลีส
สรุป: การศึกษานี้ให้ข้อแนะนำทางมิติที่เป็นประโยชน์ต่อศัลยแพทย์ในการเก็บกระดูกปลายแขนท่อนนอกอย่าง
ปลอดภัย เพ่ือใชแ้ผ่นเน้ือเย่ือปะปลูกอิสระออสซิโอคิวทาเนียสเรเดียลฟอร์อาร์ม สำหรับการบูรณะช่องปากและใบหน้า


