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SUMMARY

Objective: To functionally and oncologically assess the treatment 
of GCT on radius distal end (stage B3) following wide resection 
and reconstruction with avascular autologous graft from proximal 
fibular end. Methods: The residual function was assessed using 
ISOLS score, measurement of the global residual arch of the oper-
ated wrist, residual percentage of the hand apprehension strength 
between thumb and index fingers. The oncologic monitoring was 
assessed by clinical examination of the operated limb and by imag-
ing tests of the wrist and thorax. Results: 17 patients were assessed: 
10 females (58.8%) and seven males (41.2%), with aged ranging 
from 16 to 61 years (mean: 32.3 years), all of them right-handed. 
On the functional assessment (ISOLS), the results were as follows: 
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INTRODUCTION

Giant cell tumor (GCT) constitutes an aggressive benign bone 
neoplasia, first described by Cooper (1818), who named it as 
“fungus medullary exostosis”.1,2

Jaffe et al., in 1940, described its appearance on the X-ray, ana-
tomical distribution, histology and variable and sometimes locally 
aggressive clinical behavior.1,3

It more commonly affects individuals in the age group of 18 to 40 
years, with peak incidence in the third decade of life, being more 
usually found in women (1,5 - 2 : 1), being uncommon in children.
It is more frequently found in Southeastern Asia populations, ac-
counting for 21% of the benign bone tumors, while among the 
Western population, its incidence ranges from 4 to 9.5% 2. 
It affects mostly the epiphyseal segments of long bones.(3,4) In 
children (2-6% of the cases), its location can be metaphyseal or 
diaphyseal.2,3

The most frequently affected segments are, sequentially: distal 
femoral, tibial proximal and radius distal epiphyses.2,3,5-11 The radius 
distal epiphysis is affected in 10% of the cases.2,10

Although classified as a benign neoplasia, multicentre involvement 
(1% of the cases) or metastasis to lungs and mediastinum (1-9% 
of the cases) may occur, usually associated to primary injuries 
located at the radius distal segment.2,3,9

Its signs and symptoms will depend on the size, site and how 
fast the lesion progresses. Pain, either associated to an increased 

11 excellent, two good, and one poor. The three cases requiring 
arthrodesis evolved with excellent scores. The global residual arch 
was 196.2 ± 116.6º. The residual arch of the operated wrist corre-
sponded to 58.9% of the control. The “pinch” percentage was 80.6 
± 14.8 % of control. We did not find recurrences or metastasis in this 
case series. Conclusion: This technique provided encouraging func-
tional results, assuring patients’ return to their usual activities. The 
absence of local recurrence and/or metastasis found even in the pa-
tients with longer follow-up times allow us to suggest this technique, 
which seems to be safe for oncologic control of the tumor.

Keywords: Giant cells tumors; Radius/ anatomy; Surgical 
procedures.

All the authors state no potential conflict of interest concerning this article.

volume or not, is frequent. Pathologic fracture can be the first sign 
of the process, in up to 15% of the cases. Effusion and limited 
local mobility denote a lesion near a joint surface.12

X-ray findings will depend on the evolution time until diagnosis. It 
starts as an eccentric, lytic, insufflating and bone-restricted epi-
physiometaphyseal lesion and, in advanced stages, is more ag-
gressive, presenting cortical and subchondral rupture, becoming 
extra-compartmental.2

Radius GCT at Enneking’s B1 stage is classically treated with 
curettage and filling with methylmetacrylate4,12,13, allowing early 
mobilization and facilitating the visualization of recurrences on the 
bone-cement interface, if occurring. However, these lesions, of 
small size and potentially treatable by this method, are usually 
asymptomatic and, thus, undiagnosed at this initial phase.
In more advanced stages, we notice a thinner bone cortical of the 
radius distal epiphysis (Enneking’s B2 stage). With the cortical be-
ing ruptured, tumor will be found on soft parts and subchondral 
bone destruction (Enneking’s B3 stage).
Most of the patients with GCT are composed by young adults, 
in their most productive age. The purpose of treatment includes 
the full tumor removal and function preservation.8 When treating 
B3-stage tumors, curettage, with oncologic criteria, is technically 
complex. A wide resection and joint reconstruction are necessary 
in order to maintain function and minimize the potential for tumor 
recurrence.3,4
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Wrist reconstruction, due to the topographic proximity from neu-
rovascular and tendinous structures and to the limited coverage 
of soft parts, constitutes a challenge for surgeons.3,4,5,14 The tech-
niques employed for that end should provide stability and joint 
mobility enough to meet the functional demand of the distal seg-
ment of the upper limb.11,15,16 
The key solutions for joint reconstruction after oncologic resection 
of the radius distal end are: arthrodesis, in its several modalities 
(arthrodesis with autologous bone graft; ulnar centralization; dis-
tal translocation of the ulna; arthrodesis with vascularized fibular 
graft, and partial fibulo-scapholunate arthrodesis) and arthroplastic 
reconstructions (avascular or vascularized fíbula pro radio, pros-
thetic radius replacement, microvascular flap of iliac crest, and 
homologous radius graft).
The first arthroplastic reconstruction of the wrist using avascular 
fibular bone-joint graft was described by Walther in 1911, who 
employed it in the treatment of osteosarcoma of the radius dis-
tal third.16 Since then, the anatomical similarity between proximal 
fibular segment and the distal portion of the radius has been rec-
ognized by other authors, who started using this procedure to 
treat GCT at that site. 
The results of this reconstruction technique are strong, especially 
from a functional perspective, encouraging professionals to use it 
for treating lesions compromising radius distal segment.
Our study targets the evaluation of the functional and oncologic 
result when treating patients with giant cells tumor on the distal 
radius segment (Enneking’s B3 stage), submitted to wide resection 
and reconstruction with avascular autologous graft collected from 
proximal fibular segment.

CASE SERIES AND METHODS

Our study was evaluated and approved by the Committee of Ethics 
in Research of Santa Casa de São Paulo.
Between July 1985 and May 2006, 25 patients with GCT on the 
distal third of the radius were operated using the wide resection 
and reconstruction technique with avascular autologous graft from 
proximal fibula at the Department of Orthopaedics and Traumatol-

ogy, Santa Casa de São Paulo - Pavilhão Fernandinho Simonsen, 
and at the Orthopaedics and Traumatology Service, Santa Casa 
de Salvador - Hospital Santa Izabel. 
Of that total, we could contact and assess 17 patients (Chart 1), 10 
females (58.8%) and seven males (41.2%) whose ages at baseline 
ranged from 16 and 61 years (mean: 32.2 years). 
The right side was affected in eight patients (47.1%) while the left 
side in nine patients (52.9%), all of them being right-handed.
All patients presented with clinical and X-ray aspects consistent 
with Enneking’s B3 stage and none had metastasis at baseline 
screening. All patients were submitted to biopsy prior to surgery, 
confirming GCT diagnosis. 
All patients were treated with a modified surgical technique for tumor 
resection and radius reconstruction with fibular avascular autolo-
gous graft as therapy for GCT of the distal segment of the radius. 
Modifications on the technique lie on the employed access, details 
on the fibular graft uptake, and on the kind of capsuloplasty.

Description of the surgical technique

Following diagnosis, and by establishing the accurate staging, we 
proceeded with the surgical planning.
X-ray images were taken of the forearm and of the graft donator leg 
(ipsilateral), aiming to assess the integrity of the donator bone and of 
the joint surface of the proximal fibular epiphysis. X-ray images must 
be taken with rule, enabling to measure the radius segment to be re-
sected and of the corresponding fibula required for reconstruction. 
Under general anesthesia, the affected upper limb and the donat-
ing lower limb are disinquined with degerming solution. The patient 
is positioned in horizontal supination with a cushion beneath the 
gluteus region at the side of the donor end, allowing for a subtle 
internal rotation of the lower limb, facilitating graft removal.
The ends are prepared and isolated with sterilized surgical drapes. 
The upper limb must be exposed from the axil, and the lower limb 
from the inguinal fold.
Two tables are prepared; one to attend the radius segment resec-
tion and the other to uptake the fibula and reconstruct the wrist. Sur-
gical instruments exchange between the tables must not occur.

Chart 1 – Case Series

Nr. SCORE AGE GENDER SIDE DOMINANCE pROFESSION FOLLOW-up

1 EXCELLENT 22 FEMALE R R MAID 250 MONTHS

2 EXCELLENT 31 MALE R R MACHINE OPERATOR 248 MONTHS

3 EXCELLENT 61 FEMALE L R MAID 236 MONTHS

4 EXCELLENT 34 FEMALE L R SERVICES ASSISTANT 169 MONTHS

5 EXCELLENT 19 FEMALE L R ART WORKER 120 MONTHS

6 EXCELLENT 27 FEMALE L R MAID 115 MONTHS

7 EXCELLENT 31 FEMALE L R MAID 108 MONTHS

8 EXCELLENT 19 FEMALE L R STUDENT 74 MONTHS

9 EXCELLENT 41 MALE R R SHOP OWNER 54 MONTHS

10 EXCELLENT 34 MALE R R PERSONAL TRAINER 49 MONTHS

11 EXCELLENT 28 MALE L R TECHNOLOGIST 48 MONTHS

12 EXCELLENT 32 MALE L R JANITOR 46 MONTHS

13 EXCELLENT 19 FEMALE L R STUDENT 10 MONTHS

14 GOOD 16 FEMALE R R SHOP OWNER 7,5 MONTHS

15 POOR 29 MALE R R FARM WORKER 7 MONTHS

16 EXCELLENT 57 FEMALE R R PLASTIC ARTIST 7 MONTHS

17 GOOD 32 MALE R R ASSEMBLER 5 MONTHS
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Venous depletion of the forearm is conducted by lifting the limb 
or with mechanical procedures with the use of Esmarch’s band. 
Should the latter is selected, care must be taken to not to com-
press the lesion area. After depletion, a pneumatic garrote or the 
Esmarch’s band is applied. 
The surgery starts with the “in block” resection of the injured ra-
dial segment. An arch-like dorsal incision is made starting at 1.5 
cm distal to the ulnar styloid apophysis towards the radial styloid 
apophysis. At the level of the skin protuberance of the radial styloid, 
the incision is curved following the longitudinal axis of the radius, at 
a proportional length to the segment to be resected just sufficient 
for adapting the dynamic compression plate that will fixate the 
fibular graft on the proximal radius segment; Special attention must 
be paid to the exeresis of the biopsy scar, if present. (Figure 1)

graft to be used for reconstruction. The garrote is then removed 
and hemostasis is reviewed.
After venous depletion and garroting of the donor lower limb, a 
cushion is placed beneath the knee, keeping it at 45° of flexion. 
We initiate the posterolateral access at five centimeters above the 
joint interline, posterior to the crural biceps tendon, continuing at 
distal direction over the skin protuberance of the proximal fibular 
segment. (Figure 3)

Figure 3 – Access to proximal fibular segment starting 5.0 cm above the 
popliteal fold going distal to the fibular head protuberance, which is surrounded, 
following a distal orientation at the extension required for removing the graft.

Figure 1 – Arch-like access to the distal segment of the radius, starting 1.5 
cm distal to the styloid going lateral surrounding the radial styloid, continuing 
proximally at the required extension for resection with oncologic margin.

Then, the antebrachial fascia is opened, preceded by skin and 
subcutaneous tissue hemostasis. Following, the retinacula of the 
extensors and tendon sheaths of the long abductor and short 
extensor muscles of the thumb (first tunnel); short and long ra-
dial extensors of the carpus (second tunnel); long extensor of the 
thumb (third tunnel) and long extensors of the fingers and the 
index (fourth tunnel) are opened. 
Brachiostyloradial muscle tendon is identified and sectioned near 
its insertion, respecting the oncologic resection margins. The ex-
tensor tendons are medially displaced, thus exposing the affected 
radial segment. The dorsal surface of the radius distal third is dis-
sected at a sufficient length for resection, respecting the oncologic 
margins. (Figure 2)
The osteotomy site is determined according to the proximal limit 
– gross and radiographic – of the affected bone and the required 
margin for each individual case. The delimitation is performed with 
electric knife, perpendicular to the longitudinal axis of the radius. At 
this moment, with the forearm at neutral position, another mark is 
made perpendicular to the latter and located on the lateral radius 
surface. That mark will serve as a control for forearm rotation when 
fixating the graft. (figure 2)
Osteotomy is performed and the radius distal segment is grasped 
with bone tweezers and carefully lifted in order to facilitate its re-
lease. The square pronator muscle should be resected in conjunc-
tion with the bone, as an oncologic margin. (Figure 2) 
Arthrotomy of the distal radius-ulna joint is then provided with or 
without a small ulnar fragment, as well as the arthrotomy of the 
radiocarpal joint. Joint capsules are preserved as much as possible 
(meeting the oncologic criteria), facilitating capsuloplasty between 
fibular graft and the carpus. (Figure 2)
The resected piece’s length is measured. This measurement will 
serve as a control for the appropriate measurement of the fibular 

Figure 2 – Following opening and retraction of the extensor tendons sheath, 
the radius is exposed, enabling resection of the affected segment.

The fibular nerve is identified, isolated, rebated and protected. 
Fibula is dissected, releasing soleus, long fibular, long fingers 
extensor muscles and the interbone membrane long enough to 
reconstruct the resected radius. The femoral biceps tendon and 
the lateral collateral ligament of the knee are sectioned close to 
their insertions on the fibula, preserving about half centimeter of 
the length of these structures’ stumps inserted into the resected 
segment, which will serve as anchors to the remaining ligaments 
of the radiocarpal joint. It is important to protect posterior popli-
teal vessels and the anterior tibial vessels penetrating the distal 
interbone membrane to the fibular neck.
By means of blunt dissection, the posterolateral capsule of the 
knee is exposed between the lateral head of the gastrocnemius 
and the soleus muscle. Tibiofibular arthrotomy is performed by 
sectioning the origin of anterior, posterior and a portion of the 
arched ligaments. (Figure 4)
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The length required for radius reconstruction is measured, adding 
1.5 – 2 cm as adjustment margin for reconstruction. (Figure 4) 
The fibula is osteotomized, protecting soft parts with two Bennett 
retractors. After the graft is removed, fibular joint is prepared, ad-
justing it to capsulorrhaphy. A spongy graft is removed from the 
tibia through a port made on the proximal tibiofibular joint. 
The lateral collateral ligament is reinserted, suturing it to tibial 
periosteum.
The garrote is now removed and hemostasis is reviewed. The 
wound is closed by planes, and an aspirating drain and a sterile 
bandage is placed.
Radius reconstruction starts with capsulorrhaphy, suturing the 
remnants of the radiocarpal capsule to the stumps of the femoral 
biceps tendon and of the lateral collateral ligament, preserved at 
the end of the fibular graft with simple stitches using non-absorb-
able monofilament nylon 2-0. With the wrist positioned at forced 
volar flexion, the capsule is sutured by the volar surface, continuing 
in a circumferential fashion, reaching the lateral, dorsal and medial 
surfaces. The joint cartilage of fibular head is positioned so as to 
form a hinge with the scaphoid; this adaptation is made in order 
to avoid dorsal or volar carpal dislocation. (Figure 5)

After capsuloplasty, the hand is slightly pulled, forcing the radial 
displacement of the wrist and adjusting the graft proportionally 
to the length of the bone failure on the radius. The length of the 
fibular segment must provide adequate support to carpus, without 
excessive tension to the level of its attachment to the fibula.
The graft is placed with the forearm at neutral position, using the 
longitudinal mark made on the lateral surface of the radial stump 
as a parameter; once adjusted, a mark is made on the graft, 
continuous to that of the radial segment. This mark will make the 
checking of graft position easier at the moment of fixation. The 
graft is fixated on the radial segment with a dynamic compression 
plate of small AO fragments with six screws. (Figure 6) 

Figure 4 – After identifying and isolating the common fibular nerve, a fibular 
graft is removed for radius reconstruction.

Figure 5 – With the wrist at maximum palmar flexion, the proximal row of the 
carpus is exposed, facilitating the suture of capsular remnants of the wrist with 
those of the fibular epiphysis.

Figure 6 – After capsuloplasty, the adjustment of graft length and rotation, 
as well as its fixation on radius are done by osteosynthesis with dynamic 
compression plate.

Fixation can be supplemented with 2.0-mm Kirschner wire, transfixing 
the new fibuloulnar joint, when instability persists after capsuloplasty. 
At this moment, the spongy graft obtained from the tibia is placed 
on the attachment between the fibular segment and the proximal 
radius fragment. (Figure 6)
The wound is then closed by planes, paying special attention to the 
coverage of the plate with the soft parts. Whenever possible, extensor 
tunnels reconstruction is attempted, especially that of the tendon of 
the long extensor of the thumb, which loses the support of the Lister 
tubercle due to radius resection. The aspirating drain is inserted and, 
following the application of bandages, the limb is immobilized with 
axilopalmar splint, with the forearm at neutral position.
Bandages are refreshed on a daily basis, and the stitches are 
removed on the 15th postoperative day. 
The axilopalmar splint is kept for three weeks, and replaced by 
an antebrachiopalmar plastered device (plastered glove), being 
kept for three additional weeks, releasing the elbow and enabling 
exercises for prono-supination gain. 
In cases where an additional fixation of the new fibulo-ulnar joint 
with Kirschner wire is necessary, we keep the axilopalmar splint 
for six weeks, when the wire is removed and the elbow mobiliza-
tion is initiated. 
After the external immobilization is removed, motor rehabilitation is 
initiated with no load, in order to gain range of joint motion. 
After six weeks, exercises for strength gain are allowed, releasing 
full load between six months and one year, depending on each 
patient’s evolution.
The X-ray monitoring is performed on a monthly basis until the 
joint site between the fibular graft and the proximal radius seg-
ment is united.
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Functional and Oncologic Assessment

For the functional assessment, we used the wrist functional 
score standardized by the International Society on Limb Salvage 
(ISOLS).17 (Chart 2) 
The flexion-extension range and the radial and ulnar displacements 
of the wrists, as well as the prono-supination arch of the forearms 
were measured with a goniometer, including the operated and the 
intact limb. 
Hand apprehension strength has been measured with a JAMAR 
dynamometer (Sammons Preston, Bolingbook, IL) as kgf., always 
comparing it to the contralateral side, using a maximum effort 
measure as a parameter. 
The “grasp” strength between the thumb and the index finger was 
measured with a “grasp” dynamometer (B & L Engineering, Santa 
Fe, CA), as kgf., always comparing it to the contralateral side, using 
a maximum effort measure as a parameter. 
The oncologic evaluation was made upon detailed physical examina-
tion of the operated limb, pursuing to detect any residual tumor or pal-
pable masses and upon imaging tests of the operated wrist and of the 
thorax, pursuing to identify suggestive findings of local recurrence.
The classificatory variables were presented as tables containing 
absolute frequencies (n) and relative frequencies (%). Quantitative 
variables were descriptively presented as tables containing mean, 
standard deviation, median, minimum and maximum values.
The operated side and the control were compared with the Wilcox-
on’s non-parametric test of signs. P values <0.05 were regarded 
as statistically significant.

RESULTS

In the functional assessment, using the wrist functional score stan-
dardized by ISOLS, the patients in which arthroplastic reconstruc-
tion was preserved by follow-up (three were submitted to arthrod-
esis during postoperative follow-up period), we found 11 excellent 
results (Figure 7) and two good results. The patient whose function-
al outcome was regarded as poor has been scheduled for fixation 
review because of an aseptic loosening of the synthesis material.

Chart 2 – Enneking’s functional staging of the wrist adopted by ISOLS”: 

Name:________________________ HAND - WRIST - DISTAL FOREARM Qualification:___

Number: ______________________ WRIST
Score: ______

 Date: _________________________

1. Movement Combined 
action flexion, extension 

pronation, supination 
radial and ulnar deviations

2. pain 3. Stability 4. Deformity 5. Elbow flexion 
strength

6. Functional activity 7. Emotional 
acceptance

EXCELLENT > 120º No pain 0-5º radioulnar instability
normal

hilt

0-5º radioulnar contracture, 
flexion or extension; no 

shortening

Normal
5

No restraint Excited

GOOD 60-120º Mild 5-10º radioulnar instability
normal

hilt

5-10º radioulnar contracture, 
flexion or extension;

< 1cm shortening

Less than normal 
resistance

4

Restraints in 
recreational activities

Satisfied

FAIR 30-60º Moderate 10-20º radioulnar instability
failed
hilt

10-20º radioulnar contracture, 
flexion or extension;

1-2cm shortening

Only overcomes 
gravidity

3

partial disability Accepts

pOOR > 30º Severe > 20º radioulnar instability
cannot hold

> 20º radioulnar contracture, 
flexion or extension;

> 2cm shortening;
Amputation

Does not overcome 
gravidity – Cannot 

keep
(0,1,2,)

Total disability Doesn’t like

CLINICAL DATA

MOVEMENT

Insert degrees

1. Dorsal flexion

2. Volar flexion

3. Radial deviation_

4. ulnar deviation_

5. pronation____

6. Supination___

pAIN

List medications

1. No medication

2. Anti-inflammatory

3. Analgesics

non-narcotic

4. Analgesics

narcotic

5. Other_______

STABILITy

List support

1. No support

2. Immobilizer

3. Sling

4. Other_____

_____________

DEFORMITy

Insert degrees

or centimeters

1. None

2. Radial deviation ___

3. ulnar deviation ___

4. Flexion contracture

5. Extension contracture

6. pronation contracture

7. Supination contracture

8. Absence____

STRENGTH

Classification

international (0-5)

1. Dorsal flexion ___

2. palmar flexion__

3. Radial deviation ___

4. ulnar deviation ___

5. pronation _____

6. Supination _____

7. Apprehension______

ACTIVITy

List activities

limited

1. None

2. Carrying

3. Eating

4. Writing

5. Dressing

6. Hair care

7. Turn the knob 

8. Driving

CAuSES FOR REJECTION

List reason(s)

1. Appearance

2. Discomfort

3. Restriction

4. Cannot express

5. psychological

6. other____________________

___________________________

Figure 7 – Female housewife patient, followed up for 108 months, fully 
readapted to previous activities. Full integration of the fibular graft is seen, as 
well as the union between fibula and radius.
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The patients submitted to arthrodesis, after complications of the 
primary procedure, had excellent functional outcomes. Despite 
being submitted to joint fusion, they presented signs of appre-
hension strength that were similar to the rest of the individuals 
of the group, with global range of motion above 120° in the last 
evaluation visit. (Chart 3)
The comparative measures of the range of motion and apprehen-
sion strength of the hand and the grasping between index and 
thumb between the operated and the intact limbs of the assessed 
patients are presented on Table 1 and Graphs 1 to 4. 
The analysis of the residual arch measure shows mean values 
of 196.2 + 116.6 degrees, with median of 175 degrees. The as-
sessment of the residual percentage shows that, in average, the 

operated hand kept 58.9% of the range of joint motion on the 
control limb.
The residual apprehension strength percentage of the hand was, 
in average, 55.4 + 17.4%, and the grasp between the thumb and 
the index fingers of the operated hand was 80.6 + 14.8%.
The comparative analysis between genders showed that, despite 
the apprehension and grasp strength of the hand are stronger in 
males, as shown by Table 2, the residual strength percentage is 
similar for both genders.
When we compare the operated side, we can see by Table 3 that 
the apprehension and grasp strength of the hand, as well as the 
residual strength percentage are shown to be identical, regardless 
of dominance.

Chart 3 – Functional and oncologic assessment of the case series

Nº EXTENSION 
R/L

FLEXION 
R/ L

uLNAR 
DEVIATION 

R/ L

RADIAL 
DEVIATION 

R/ L

pRONATION 
R/L

SupINATION 
R/ L

RESIDuAL ARCH 
DEGREES / %

HAND 
AppREHENSION 

(KGF) R / L

GRASp 
AppREHENSION 

(KGF) R / L

HAND 
– RESIDuAL 
STRENGTH

KGF / %

GRASp 
– RESIDuAL 
STRENGTH 

KGF / %

METASTASIS SCORE
I SOLS

1 35º / 60º 50º / 75º 30º / 45º 15º / 30º 70º / 85º 10º / 90º 210º / 54.54% 10 / 22 5 / 6.5 45.45% 76.90% NO EXCELLENT

2 30º / 50º 15º / 70º 0º / 35º 20º / 20º 80º / 85º 80º / 90º 225º / 64.28% 32 / 45 9 / 8 71.11% 88.90% NO EXCELLENT

3 40º / 0º 60º / 0º 45º / 0º 30º / 0º 85º / 85º 90º / 90º 175º / 50% 20 / 8 4.5 / 4 40% 88.90% NO EXCELLENT

4 40º / 0º 60º/ 0º 45º / 0º 30º / 0º 80º / 80º 80º / 65º 145º / 40.8% 28 / 15 7 / 5 53.57% 71.42% NO EXCELLENT

5 70º / 60º 80º / 70º 60º / 50º 35º / 35º 85º / 85º 90º / 90º 390º / 62.85% 36 / 22 14 / 10 61.11% 71.42% NO EXCELLENT

6 40º / 20º 60º / 20º 45º / 20º 30º / 30º 85º / 40º 90º / 10º 140º / 40% 32 / 26 8 / 6 81.25% 75% NO EXCELLENT

7 60º / 45º 70º / 45º 20º / 5º 15º / 15º 90º / 80º 90º / 90º 280º / 81.16% 22 / 12 8 / 7 54.54% 87.50% NO EXCELLENT

8 80º / 55º 90º / 60º 65º / 45º 25º / 20º 85º / 85º 90º / 90º 355º / 81.6% 28 / 18 6 / 5 64.29% 83.30% NO EXCELLENT

9 30º / 45º 10º / 70º 30º / 45º 15º / 30º 85º / 80º 80º / 90º 25º / 68.42% 26 / 32 6 / 8 81.25% 75% NO  EXCELLENT

10 0º / 40º 0º / 60º 0º / 48º 0º / 30º 80º / 85º 80º / 90º 160º / 45.71% 38 / 57 10 / 10 66.67% 100% NO EXCELLENT

11 50º / 20º 60º / 5º 40º / 5º 20º / 20º 85º / 60º 90º / 30º 140º / 40.6% 50 / 15 8 / 6 30% 75% NO EXCELLENT

12 80º / 45º 75º / 45º 45º / 20º 30º / 20º 85º / 80º 85º / 70º 280º / 70% 45 / 30 10 / 10 66.70% 100% NO EXCELLENT

13 80º / 65º 65º / 55º 50º / 40º 20º / 20º 85º / 85º 90º / 70º 335º / 85.90% 36 / 22 8 / 7.5 61.11% 93.75% NO EXCELLENT

14 30º / 80º 5º / 80º 15º / 90º 15º / 85º 10º / 45º 10º / 20º 85º / 21.8% 7 / 14 4 / 5.5 50% 72.70% NO GOOD

15 (-) 5º / 4º 10º / 60º 0º / 45º 5º / 30º 85º / 85º (-)80º / 90º 15º / 4.3% 7 / 48 3 / 8 14.59% 37.50% NO POOR

16 40º / 70º 48º /60º 20º / 38º 12º / 22º 85º / 85º 60º / 85º 265º / 73.61% 14 / 24 5.5 / 7 58.33% 78.57% NO EXCELLENT

17 20º / 80º 15º / 90º 20º / 55º 10º / 30º 30º / 85º 55º / 90º 150º / 34.9% 25 / 60 7.5 / 8 41.70% 93.75% NO GOOD

Table 1 - Mobility and strength of the operated versus control limb.

Variable STATuS n Mean
Standard 
Deviation

Median Minimum Maximum p

EXTENSION (º)
Operated 17 28.82 21.69 30 -5 65

<0.001
Control 17 57.00 21.22 60 4 80

FLEXION (º)
Operated 17 26.65 24.25 15 0 70

<0.001
Control 17 69.71 10.53 70 60 90

ULNAR DEVIATION (º)
Operated 17 17.65 16.78 20 0 50

<0.001
Control 17 48.00 14.64 45 20 90

RADIAL DEVIATION (º)
Operated 17 14.82 9.87 15 0 35

0.003
Control 17 30.12 15.13 30 15 85

PRONATION (º)
Operated 17 70.88 22.72 80 10 85

0.010
Control 17 82.35 9.86 85 45 90

SUPINATION (º)
Operated 17 52.94 44.86 70 -80 90

0.001
Control 17 84.71 16.91 90 20 90

HAND APPREHENSION (KGF)
Operated 17 19.24 9.35 18 7 38

<0.001
Control 17 35.24 13.57 32 14 60

GRASP APPREHENSION (KGF)
Operated 17 6.50 2.22 6 3 10

<0.001
Control 17 7.91 2.10 8 4.5 14

p: significance probability (Wilcoxon’s signs test)
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Graph 1 – Mobility in extension and flexion: operated versus control limb. 

Graph 2 – Comparative mobility in supination and pronation: operated versus 
control limb. 

Graph 3 – Comparative mobility in ulnar and radial deviation: operated versus 
control limb. 

Graph 4 – Comparative mobility in hand and grasp apprehension strength: 
operated versus control limb. 

Table 2 – Variable GENDER vs. follow-up, mobility and strength of the operated and control limbs. 

Variable GENDER n Mean Standard Deviation Median Minimum Maximum p

Follow-up (months) Female 10 109.65 89.13 111.5 7 250 0.193Male 7 65.29 83.15 48 5 248

Extension - Operated (º)
Female 10 35.00 22.97 37.5 0 65

0.133Male 7 20.00 17.56 20 -5 45

Extension - Control (º) Female 10 62.00 16.87 65 40 80 0.475Male 7 49.86 25.95 50 4 80

Flexion - Operated (º) Female 10 35.30 26.50 46.5 0 70 0.161Male 7 14.29 14.56 10 0 45

Flexion - Control (º) Female 10 70.00 10.80 67.5 60 90 0.887Male 7 69.29 10.97 70 60 90

Ulnar deviation - Operated (º) Female 10 22.50 18.30 20 0 50 0.230Male 7 10.71 12.39 5 0 30

Ulnar Deviation - Control (º) Female 10 50.30 18.46 45 20 90 0.536Male 7 44.71 6.24 45 35 55

Radial deviation - Operated (º) Female 10 16.20 11.15 15 0 35 0.669Male 7 12.86 8.09 15 0 20

Radial deviation - Control (º) Female 10 32.20 19.48 30 15 85 0.887Male 7 27.14 4.88 30 20 30

Pronation - Operated (º) Female 10 70.50 25.44 82.5 10 85 0.669Male 7 71.43 20.15 80 30 85

Pronation - Control (º) Female 10 81.00 12.87 85 45 90 0.962Male 7 84.29 1.89 85 80 85

Supination - Operated (º) Female 10 58.50 35.28 67.5 10 90 0.601Male 7 45.00 58.09 70 -80 80

Supination - Control (º) Female 10 81.50 21.86 90 20 90 0.536Male 7 89.29 1.89 90 85 90

Residual Arch (º) Female 10 238.00 102.80 237.5 85 390 0.133Male 7 142.14 96.73 150 15 280

Residual Arch (%) Female 10 59.23 21.42 58.70 21.80 85.90 0.315Male 7 46.89 23.45 45.71 4.30 70.00

Hand apprehension - Operated (kgf) Female 10 15.40 6.45 14.5 7 26 0.055Male 7 24.71 10.55 26 7 38

Hand apprehension - Control (kgf) Female 10 26.20 7.15 26 14 36 <0.001Male 7 48.14 9.15 48 32 60

Grasp apprehension - Operated (kgf) Female 10 5.90 1.84 5.25 4 10 0.161Male 7 7.36 2.56 7.5 3 10

Grasp apprehension - Control (kgf) Female 10 7.45 2.58 7 4.5 14 0.043Male 7 8.57 0.98 8 8 10

Residual hand strength (Kgf %) Female 10 0.57 0.11 0.56 0.40 0.81 0.813Male 7 0.53 0.25 0.67 0.15 0.81

Residual grasp strength (kgf %) Female 10 0.80 0.08 0.78 0.71 0.94 0.364Male 7 0.81 0.22 0.89 0.38 1.00
p: significance probability (Mann-Whitney’s test).
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In all cases but one, there was fibular graft integration and con-
solidation of the attachment between the proximal radius segment 
and fibula. 
No tumor recurrence or signs of lung metastasis were documented 
in routine clinical and X-ray evaluation or in the last assessment.
Among the complications associated to reconstruction, we saw 
three cases of late infection. In the first case, surgical cleaning was 
performed five months after the procedure, with improvement of 
the infection; 11 months later, the patient was submitted to wrist 
arthrodesis, combined with Darrach procedure. In the second case, 
nine months after the primary procedure, surgical cleaning was 
provided, s well as the removal of the synthesis material, evolv-
ing to clinical improvement. In the third case, aseptic loosening 
of the synthesis material was seen three months after the primary 
procedure, in which case we decided to provide a graft review 
using the contralateral fibula; the patient evolved with infection, 

being submitted to surgical cleaning, removal of the infected graft 
and wrist arthrodesis with tricortical iliac graft combined with Dar-
rach surgery. All patients evolved with clinical improvement, with 
no signs of infection in the last assessment, and returning to their 
previous activities with no limitations.
One patient evolved with simple fall and fracture of the graft on the 
third postoperative year. She was treated with plastered cast for 
three months, unsuccessfully. She evolved with union delay and 
pain, with the wrist arthrodesis being performed combined with 
the Darrach procedure, with improvement of the clinical picture 
and return to her daily life activities.
Pseudoarthrosis on the attachment between the proximal radius 
segment and the fibular graft was seen in one case. Despite of 
the indication of review with grafting, the patient is now satisfied 
with the result, which does not imply on occupational restraints, 
and motivating him to not to undergo surgery. 

Table 3 – Variable SIDE vs. follow-up, mobility and residual strength 

Variable SIDE n Mean Standard Deviation Median Minimum Maximum p

Follow-up (months)
Right 8 78,44 107,09 28,25 5 250

0,277
Left 9 102,89 69,16 108 10 236

Extension - Operated (º)
Right 8 22,50 16,48 30 -5 40

0,277
Left 9 34,44 25,06 45 0 65

Extension - Control (º)
Right 8 53,63 25,17 55 4 80

0,815
Left 9 60,00 18,03 60 40 80

Flexion - Operated (º)
Right 8 19,13 19,10 12,5 0 50

0,423
Left 9 33,33 27,39 45 0 70

Flexion - Control (º)
Right 8 70,63 10,84 70 60 90

0,743
Left 9 68,89 10,83 65 60 90

Ulnar deviation - Operated (º)
Right 8 14,38 12,94 17,5 0 30

0,541
Left 9 20,56 19,91 20 0 50

Ulnar Deviation - Control (º)
Right 8 50,13 17,21 45 35 90

1,000
Left 9 46,11 12,69 45 20 65

Radial deviation - Operated (º)
Right 8 11,50 6,39 13,5 0 20

0,114
Left 9 17,78 11,76 20 0 35

Radial deviation - Control (º)
Right 8 34,63 20,76 30 20 85

0,481
Left 9 26,11 6,51 30 15 35

Pronation - Operated (º)
Right 8 65,63 29,09 80 10 85

0,606
Left 9 75,56 15,50 80 40 85

Pronation - Control (º)
Right 8 79,38 14,00 85 45 85

0,423
Left 9 85,00 2,50 85 80 90

Supination - Operated (º)
Right 8 36,88 55,48 57,5 -80 80

0,139
Left 9 67,22 29,06 70 10 90

Supination - Control (º)
Right 8 80,63 24,56 90 20 90

0,888
Left 9 88,33 3,54 90 80 90

Residual Arch (º)
Right 8 141,88 92,66 155 15 265

0,093
Left 9 248,89 100,31 280 140 390

Residual Arch (%)
Right 8 45,95 24,26 50,13 4,30 73,61

0,236
Left 9 61,43 19,10 62,85 40,00 85,90

Hand apprehension - Operated (kgf)
Right 8 19,88 11,97 19,50 7,00 38,00

0,963
Left 9 18,67 6,98 18,00 8,00 30,00

Hand apprehension - Control (kgf)
Right 8 37,75 17,14 38,50 14,00 60,00

0,606
Left 9 33,00 9,95 32,00 20,00 50,00

Grasp apprehension - Operated (kgf)
Right 8 6,25 2,42 5,75 3,00 10,00

0,673
Left 9 6,72 2,14 6,00 4,00 10,00

Grasp apprehension - Control (kgf)
Right 8 7,63 1,33 8 5,5 10

0,815
Left 9 8,17 2,67 8 4,5 14

Residual hand strength (Kgf %)
Right 8 0,54 0,21 0,54 0,15 0,81

0,815
Left 9 0,57 0,15 0,61 0,30 0,81

Residual grasp strength (kgf %)
Right 8 0,78 0,19 0,78 0,38 1,00

0,963
Left 9 0,83 0,10 0,83 0,71 1,00

p: significance probability (Mann-Whitney’s test).
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There was aseptic loosening of the synthesis material in one patient 
at seven months postoperatively, which evolved with significant 
functional deficit. He is now scheduled for osteosynthesis review.
Morbidity at the donor site was identified in two cases. In the 
first case, common fibular paresis occurred, with spontaneous 
recovery; in the second one, the patient evolved with restraint to 
hallux extension.
Three sub-dislocation cases were documented: two volar and one 
dorsal, evolving with subtle restraint to wrist dorsiflexion and mild 
pain at strong efforts. 
Degenerative changes on the fibulocarpal “joint” occurred in most of 
the patients with longer follow-up periods, but this did not cause bias 
to residual function or was related to complaints from the patient.

DISCUSSION

The preferential treatment for Enneking’s B3 stage GCT located on 
the distal radius third, consists of wide resection associated to fore-
arm reconstruction, targeting to preserve wrist and hand function.18

Several techniques have been developed to reconstruct the fore-
arm after oncologic resection of the distal radius third. We will 
classify these procedures concerning postoperative mobility of 
the wrist as stiff and arthroplastic.
Among the stiff procedures, the following are included: arthrodesis 
with avascular autologous bone graft; centralization of the ulna; 
distal ulnar translocation; arthrodesis with vascularized graft from 
fibula, rib or iliac, and fibuloscapholunar arthrodesis of the carpus. 
When the whole joint capsule, a portion of the carpus or the ulna 
needs to be included as surgical margin, we should not indicate 
functional arthroplasty. In this situation, arthrodesis is function-
ally superior to arthroplastic reconstruction7,11,16,19 constituting an 
alternative of choice for treatment. Some authors7,11,19 indicate ar-
throdesis in elderly patients or performing stronger activities, not 
requiring modulation of fine movements in their activities.
However, fusion and integration of a graft must occur at the ar-
throdesis site and on the transition with the bone, increasing the 
risk of developing paseudoarthrosis.12 Ben Amor et al.6, in their 
series of five resection/arthrodesis cases for treating radius GCT, 
found two pseudoarthrosis cases requiring review with grafting. 
The stiff fixation of grafts with plate and screws, especially on the 
attachment with the proximal radius segment, seems to reduce 
such possibility, but bias on extensor tendons function may occur, 
resulting in rupture by rubbing.9,13 
Graft fracture is frequent when resection/ arthrodesis are selected. 
Ben Amor et al.6 found fractures in three of their five cases; two pa-
tients were submitted to a new procedure with fixation review, while 
the remaining one decided to not to undergo surgery again.
“In block” resection brings the advantage of oncologic control 
when associated to wrist arthrodesis, but its disadvantage is the 
loss of wrist movements.12,18 
In an attempt to facilitate reconstruction, some authors decide for 
centralization or distal translocation of the ulna. These procedures 
are successful in this objective, but the inconvenience of limited 
wrist mobility remains. In ulnar centralization, flexion-extension and 
prono-supination movements of the forearm are totally lost. The 
distal translocation of the ulna preserves prono-supination, but 
flexion-extension of the wrist is lost.16

Arthrodesis with vascularized fibular graft provides the theoretical 
advantage of reducing the possibility of union and integration de-
lay, which are common complications when using avascular bone 
grafts. However, it still has the disadvantage of wrist movements’ 
loss, worsened by the need of a microsurgical technique and the 
challenges inherent to it. There are reports of pseudoarthrosis and 
local recurrence associated to the use of this technique. 

A certain joint range may be preserved after arthrodesis, since the 
midcarpal joint is saved by the exclusive fusion of the proximal 
row of the carpus to the graft.7 With this in mind, some authors 
most recently have selected partial arthrodesis of the carpus with 
the fixation of a fibular diaphyseal vascularized segment to the 
scaphoid and semilunar. After the union of the arthrodesis core, 
an increment of the midcarpal mobility is seen, which allows for 
functional flexion-extension range and radio-ulnar displacement 
of the wrist. However, residual range of joint motion is unpredict-
able, additionally to the fact that the fusion between graft and 
the proximal carpal row is more difficult, for contact limitations 
between both.7 
Among the arthroplastic procedures, the following are included: 
prosthetic replacement of radius distal third, homologous radius 
graft, vascularized iliac graft and bone-joint autologous graft, or 
avascular graft of the proximal fibula.
The use of endoprosthesis in the reconstruction of radius distal 
third presents as advantages a shorter surgical time, no postop-
erative immobilization required, and a functional outcome that is 
theoretically comparable to that of the arthroplastic reconstruc-
tion.19 However, its costs are high and, although effective regard-
ing insertion time19, it usually fails in young individuals, leading 
to discouraging results. Painful stiffness and loosening become 
frequent, demanding early review of the implant material.12,19 
The advanced orthopaedic oncology has prioritized the search 
for long-lasting solutions for bone-joint reconstruction after onco-
logic resection, which, at the same time, could provide the best 
outcomes under a functional perspective. Thus, the investigation 
of “biological solutions” has taken the lead in scientific research. 
With this in mind, the reconstruction of the affected radial segment 
may be provided with homologous radius graft, vascularized fibular 
or iliac graft, or vascular fibular graft.
The wrist has been regarded as one of the most appropriate sites for 
reconstruction with homologous graft, because it does not constitute 
a load joint7. The use of these grafts became more consistent as the 
methods employed for its preparation and preservation evolved.
This method has a number of theoretical advantages, including: 
function preservation; restoration of the anatomy, rich graft supply 
(tissue libraries), and the fact of avoiding morbidity associated to 
autologous graft uptake. There are, though, many potential prob-
lems associated to its use, including donor selection, method for 
acquiring and preserving grafts, and graft coaptation. Despite of 
the increment on midcarpal joint mobility after surgery, rehabilita-
tion process is lengthy, with a progressive apprehension strength 
reduction when compared to the intact side.18 
Homologous grafts have antigenic properties and are composed 
by totally dead bones, changed by radiation, freezing or both. After 
surgery, risks of graft infection, reabsorption and fracture must be 
considered, as well as joint collapse, longer time required for graft 
integration, and the compromising of a definitive result regarding 
wrist stability and mobility.5

The most frequent complication is fracture. The thin cortical of the 
distal radius epiphysis facilitates a strong remodeling, increasing 
the incidence of this complication. Kocher et al..5, in their series of 
20 radius GCT cases submitted to reconstruction with homologous 
graft, reviewed one third of the grafts, most of them secondarily 
to fracture.
Harness and Mankin3 reported the evolution of 15 patients treated 
with wide resection and reconstruction with radius allograft (mean 
follow-up of 19 + 4 years). Review due to local recurrence was 
reported for two cases, 16 procedures for treating different com-
plications and progressive functional deterioration in six patients 
submitted to this modality of reconstruction.
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Reconstruction using vascularized fibula presents as advantages: 
union and integration of the graft regardless of the local perfusion 
status13; enables early rehabilitation19, maintain mechanical proper-
ties and bone resistance. It is regarded by some authors as the 
technique allowing the best functional outcome.12,15 
In practice, however, final joint mobility is similar to that obtained 
when using avascular autologous fibular graft.19

When treating neoplasias located at the distal segment of the 
radius, the optimal resection margins of which exceeding eight 
centimeters from the length of that bone, there is advantage in 
using the vascularized fibula. This resource reduces the incidence 
of pseudoarthrosis associated to the use of longer avascular grafts, 
usually secondary to fracture or union delay of the transposed 
segment.19 
In the treatment of radius GCT, resecting more than eight centi-
meters of its length is seldom necessary to provide appropriate 
oncologic treatment. The resection limit is situated immediately 
proximally to the margin outlined by preoperative examinations and 
gross aspect. Thus, it is required to resect an additional length of 
the intact radius in order to adjust the vascularized fibular segment, 
since the fibular epiphysis is nourished by the shaft, being required 
at least 10 centimeters of the fibular proximal segment in order to 
provide a proper vascularization of the graft.15

Another disadvantage inherent to the method is the need of per-
forming a microsurgical technique and, as a result, a longer surgi-
cal time, thus increasing the risks of postoperative infection.19 
The collection of a vascularized fibular graft may lead to morbidity 
to the donor site16; discomfort may be experienced on the ankle 
or leg, as well as reduced muscular strength, injury of the com-
mon fibular nerve, contraction of the long flexor muscles of the 
hallux and toes with “claw” deformities, fibular osteoporosis, and 
changes on gait analysis. 
Vascularized fibula assures a feasible joint cartilage, but does not 
avoid subdislocation and degenerative arthritis associated to the 
incongruence of the “joint” between the fibula and the carpus.14

Complications such as union delay, fractures (due to a longer 
transplanted bone segment), infection, local recurrence, graft re-
absorption, early degeneration of the fibulocarpal joint, and car-
pal subdislocation have been reported and are common to this 
procedure and other arthroplastic reconstruction methods for the 
radius distal third. 
Radius reconstruction with vascularized iliac graft15 attenuated the 
disadvantages of vascularized fibular graft: there is no need of ad-
ditional resection of the radius to be reconstructed – the pedicled 
iliac graft measures between three and five centimeters; integration 
is comparably faster; shorter surgical time and lower morbidity as-
sociated to graft removal. However, it still requires a microsurgical 
technique, with the use of a graft presenting the typical curvature 
of the iliac and where joint cartilage is not available4,8, being as-
sociated to a high incidence of dorsal subdislocation.15

We routinely used the wide resection technique associated to re-
construction with avascular proximal fibular graft through dorsal 
arch-like approach for the treatment of Enneking’s B3 stage GCT 
located at the distal third of the radius.
Arthroplasty with bone-joint avascular autologous graft removed 
from proximal fibula constitutes an excellent reconstruction method 
after wide resection of the GCT on the distal third of the radius. 
In series with follow-up periods longer than five years, whenever 
employed14, constituted a long-lasting and effective solution for 
restoring mobility and strength on the wrist and hand. 
In our series, we found degeneration of the fibulocarpal “joint” 
in patients with longer follow-up periods, with no functional or 
symptomatic correlation. This change is frequent8, with no cor-

responding damages to wrist function.5,12,15 They are present in 
reconstructions with homologous and autologous grafts (either 
vascularized or not). Mattar Júnior et al.12 attribute this fact to three 
factors: 1) joint incongruence between fibula and the proximal 
carpal row; 2) avascular necrosis of the fibular epiphysis due to 
vascular failure; 3) changes caused by the absence of joint in-
nervation (Charcot joint). 
Literature describes problems associated to the fixation of a fibular 
graft on the radius18, usually related to insufficient fixation. Pseudo-
arthrosis seems to be associated to the kind of fixation employed, 
and cannot be avoided when using a vascularized graft. Although 
the union of a vascularized graft occurs rapidly, issues with the 
avascular graft may be minimized with the use of stiff internal 
fixation.14 
Aithal and Bhaskanarand14, when reviewing 30 cases of GCT on 
distal radius treated with four different fixation methods, finding 
better results with the use of stiff fixation with dynamic compres-
sion plate (DCP); only one case (6%) evolved with pseudoarthrosis 
in that group, being successfully treated with bone grafting. The 
incorporation and union of avascular grafts were found to be de-
pendent on the method of fixation employed, being lower when 
stiff osteosynthesis was used.
Maruthainar et al.20, in their series of 13 cases, used avascular 
fibular graft with stiff fixation, obtaining union in all cases within a 
period ranging from 9 to 12 weeks. Aithal and Bhaskanarand14, 
using avascular fibular graft with stiff fixation reported a mean 
incorporation time of 5.2 months. 
It is reasonable to assume that our understanding about the need 
of stiff fixation is not only globally recognized as mandatory. All 
patients in our study but one showed union at the attachment 
between the proximal radius segment and the fibular graft. All 
cases experienced incorporation of the graft. 
Graft fractures caused by stress or trauma are described in litera-
ture.12,15 A patient of ours experienced a simple fall, evolving with graft 
fracture after three years; she was unsuccessfully treated with the 
conservative approach, being therefore submitted to arthrodesis. 
We found carpal subdislocation in three of our patients, who 
evolved with limitation of the wrist flexion-extension and mild pain 
at stronger efforts. This event constitutes an inherent complication 
to the kind of reconstruction employed, once fibulocarpal congru-
ence varies according to the anatomical characteristics of each 
individual patient, not always associated to corresponding function 
changes. Aiming to minimize the potential for subdislocation, some 
authors recommend a deeper fibular joint concavity, making it more 
congruent to the convexity of the proximal row of the carpus. Aithal 
and Bhaskanarand14 decided to pass a Kirschner wire through the 
third metacarpal, transfixing the fibulocarpal joint. 
We disagree with adding further trauma to the articular cartilage 
of the graft. We decided to use the ipsilateral fibula, because it 
adjusts better than the contralateral one because of its format and 
curvature, consistently to the convexity of the proximal row of the 
carpus, as well as mimicking the styloid process of the radius and 
the Lister tubercle.
We disagree with the principle employed on “step” and oblique 
osteotomies, of which objective is to enlarge the contact area 
and/or enhance stability between the fibular graft and the proximal 
radius segment. We believe that a successful surgery lies on a 
careful capsular suture, which promotes the required stability to a 
good functional outcome. Only after suture we adjust the rotation 
and length of the graft until totally adapted, with no tension applied 
to the carpus and radius. Performing a non-transverse osteotomy 
makes the adjustment between the graft and the proximal radius 
segment after capsuloplasty difficult or even impossible.
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The reconstruction of soft parts is critical for a successful proce-
dure, since joint instability leads to deterioration of the results in 
the long term. Although most of the authors do not mention re-
construction of soft parts, some report capsule or radial collateral 
ligaments repair, associating extrinsic tendons on capsuloplasty. 
Radial collateral ligament repair is the minimum requirement for 
joint stability. 
GCT on the distal segment of the radius presents the strongest 
potential for local recurrence, with a risk rate of approximately 25%. 
Recurrence occurs early, usually within the first two years in 95% of 
the cases2, which increases the risk of metastasis by about six fold. 
Such risk may be associated to repeated attempts of local control 
after primary treatment failure.9 It occurs previously in 54-83% of the 
patients presenting lung metastasis, and the distal segment of the 
radius is the most common primary site of a metastatic tumor.2 
We didn’t find local recurrences or metastasis in our series, which 
can be attributable to the modality of resection employed on the 
affected segment. Radius excision with large margins, including 
the squared pronator in its volar surface11 and the extraperitoneal 
incision of the extensor tendons’ sheaths, keeping peritentinous 
structures close to its dorsal surface avoids recurrences.8 
The arched access port allows for an excellent exposure of the 
wrist. The distal curvature of the incision enables an easier access 
to the distal segment of the radius, especially in larger tumors, 
thank to the distribution of repairs for skin incision (ulnar and ra-
dial styloid apophyses), which facilitates the reproduction of this 
technique, even when local anatomy is deformed. 
According to Ihara et al..7, preserving more than 50º of range of 
motion without instability imply in superior results compared to 
arthrodesis. There is a consensus regarding excellent mobility, 
when this exceeds 120º of range of joint motion.
We had encouraging results concerning our patients’ function. In 
cases where arthroplastic reconstruction was preserved throughout 
the follow-up, 11 functional results were regarded as excellent, two 
as good, and only one poor result. Even in patients submitted to 
arthrodesis, functional results were regarded as excellent, with 
global range of motion above 120º in the last assessment. The 
median for residual range of motion was 175º, with 55.4 + 17.4 

% of the hand apprehension strength and 80.6 + 14.8 % of the 
“grasp” apprehension being preserved. 
Finally, we suggest the technique described here for the treat-
ment of B3-stage GCT of the distal radius epiphysis for being 
reproducible, providing an excellent exposure of the segment, 
even when a larger local compromise is seen, and for providing 
a favorable and long-lasting functional outcome, not compromis-
ing the prognosis.

CONCLUSIONS

The functional evaluation of patients submitted to reconstruction 
of the distal segment of the radius shows encouraging results, 
assuring the return of patients to their previous activities and daily 
activities, as evidenced by our findings:
a) In the group where arthroplastic reconstruction was preserved, 
we had, according to the functional criteria by ISOLS, 11 excellent 
results, 2 good results and one poor result.
b) The analysis of global residual arch angles shows mean data of 
196.2 + 116.6º, with 175º as median, and a mean value of 58.9% 
for joint range of motion on the control limb.
c) The residual hand apprehension strength percentage was, in 
average, 55.4 + 17.4 %, while the residual “grasp” percentage 
between the index and the thumb was 80.6 + 14.8 %. 
We achieved oncologic control in all patients, which was enabled 
by the arch-like access, providing an extensive exposure of the 
lesion, allowing for a better control of surgical margins and repro-
ducibility even in the presence of large anatomical distortions. 
Although the follow-up of five of our patients is below 2 years, 
the oncologic outcome achieved in the remaining 12 cases – the 
follow-up of which ranged from 46 and 250 months – allow us 
to suggest that the technique seems to be safe for local control 
of the tumor. 
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