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Abstract
Background Vascular patency of free vascularised fibula grafts can be postoperatively assessed by
island flap which is not always possible or angiography which is invasive. Bone healing is examined
based on radiographs with scoring systems. We present data on MRI with contrast agent and a
comparison of the Giessler bone healing score by X-ray and MRI and clinical scores in patients with
operation on the upper extremity.
Methods We reviewed the clinical and radiological outcome of 13 patients with a follow-up of at least 1
year after free vascularised fibula graft of the upper extremity. The examination included the DASH,
MSTS, SF-36, Rosén-Lundberg-scores and MRI with contrast agent. We determined the Giessler bone
healing score by most recent x-ray and MRI and the Weiland score and its modification for the upper
extremity. For statistics, we used the Wilcoxon test and Pearson correlation.
Results Vascular patency was directly or indirectly detectable all cases in the MRI with contrast agent. 5
patients did not return to work and 5 patients had ongoing pain medication. Median DASH was 21.7,
MSTS of the upper extremity 76.7, of the lower extremity 93.3, the Rosén-Lundberg score for median
nerve 2.43, for ulnar nerve 2.32. Giessler score for x-ray and MRI showed no significant difference for
proximal or distal junction.
Conclusions We could prove with MRI that it was indeed a vascularised graft and its vitality at time of
follow-up by assessment of vascular patency, and that MRI can be used to determine the Giessler score
similarly to X-ray.

Background
After surgical treatment of osteomyelitis, bone tumours or pseudarthrosis, the resulting bone defect may
be filled with a vascularised fibula graft (1, 2). This has been shown to be effective for defects of the
femoral shaft (3) and after resection of giant cell tumour of the distal radius (4). But compared to the
lower limb or shoulder, there less information on free vascularised fibula grafts of the forearm (5, 6).
The value of preoperative MRI imaging for identification of the peroneal artery has been shown (7). The
postoperative controls usually include plain X-ray for determination of bony consolidation and
hypertrophy (7). Postoperative control of vascular patency can be performed by an indicator flap (8) or by
angiography.

Methods
We searched our electronic database for patients who received a free vascularised fibula bone graft for
the upper extremity without shoulder between January 2002 and September 2018 in the
Universitätsmedizin Greifswald (Germany) and Unfallkrankenhaus Berlin (Germany) and invited them for
follow-up with MR-angiography.
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We documented sex, age at follow-up, date of first operation, fibula graft operation and follow-up,
indication for fibular graft transplantation, duration of hospitalization, side of operation, hand dominance,
complications, occupational status, current pain medication, graft receiving area, donor side, length of
graft, type of vascular connection, and type of additional operative procedures.
Clinical examination included range of motion and items for the Rosén-Lundborg-Score (table 1) (9).
We determined the DASH score using the local translation, the MSTS/Enneking-Score, SF–36, and pain at
rest and during exercise on a 11 point scale (10–13).
We averaged force grip (Jamar dynamometer), two-point pinch force between tip of thumb and index
(Pinchmeter) from three trials alternating between operated and contralateral hand as part of the RosénLundborg-score.
Most recent X-ray images and MRI with and without contrast agent were assessed for bony
consolidation, calculation of the bone hypertrophy index after de Boer and Wood, and bone healing using
the Giessler modification of the scale published by Taira, the original Weiland score and its modification
by Höpfner (14–18).
MRI was assessed for bony consolidation, periosteal fluid accumulation and vascular patency.
Metric values are rounded and shown with median and range as the statistic tests are based on them in
addition to mean and standard deviation.
Clinical function comparison was performed using the contralateral hand as control. Here, we present
data only for patients with a follow-up of at least 1 year but show imaging of a patient with more recent
MRI. Values were rounded according to the relevance of decimals. Due to the small sample size, we used
the Wilcoxon-test for comparison of paired quantitative variables. The Pearson correlation coefficient was
used to show the degree of linear correlation. Significant differences were assumed for p < = 0.05.

Results
We identified 24 patients who received a vascularised fibula graft for the upper extremity. Eleven patients
were lost to follow-up. Of the presenting 13 patients, two patients had a contraindication for MRI
diagnostics. Two patients had claustrophobia, resulting in 9 MRI examinations.
Table 2 and 3 show information on the nine male and four female patients. Table 4 shows clinical scores
at follow-up. Relevant time intervals and age of the patients as well as status of bony consolidation, type
of vascular anastomosis, additional procedures, complications, number of follow-up operations are
provided in the Tables, Supplemental Digital Content 1–3.
5 patients had ongoing pain medication on follow-up. Under treatment, resting pain of the donor site was
median 0 (0–2), of the receiving site median 0 (0–6). Patient 4, 6, 8, 12, and 13 did not return to work. On
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stress, pain of the donor site was median 0 (0–5) and of the receiving site median 3 (0–10). Of 11
patients with available follow-up x-ray, three patients (5 to 7) showed a relevant bone hypertrophy of > =
20 % (41 %, 23 %, and 56 %). Radiographic scores are shown in table 5. In MRI, the susceptibility artefact
showed the location of the anastomosis (Fig. 1–3 and Supplemental Digital Content 4–6). A contrasted
vessel next to that artefact represented the fibular artery which was seen in eight of nine patients. One
patient with undetectable fibular artery showed early venous contrast enhancement (Fig. 4 and
Supplemental Digital Content 7). This was considered to show open anastomoses from artery through
graft to vein.

Discussion
We could show direct or indirect patency of the vessels supplying the fibula grafts in MRI. Therefore, we
can conclude that it was indeed a vascularised graft in all cases. The advantages over non-vascularised
grafts are assumed to include more rapid healing, reduction of non-union, fatigue fracture and infection
(17, 19).
For postoperative monitoring of the vascularity, scintigraphy has been used but may give false-positive
results (20–22). Angiography or indicator flaps are other possible methods (8, 23). In cases of arterial
interposition, doppler analysis of blood flow distally would prove patency of the anastomosis (24).
Biopsy of live osteocytes is an invasive method that shows viability of the graft (22, 25).
In a postoperative angiographic control of vascular patency at 13.9 weeks, 3 out of 74 patients showed a
occlusion of the anastomosis (26). Angiography up to six weeks postoperatively were performed by
Moore and Weiland but not continued due to potential morbidity (19, 25). Additionally, the radiation dose
would not permit frequent repeats of the angiography.
Viability of the graft is assumed in cases with evident union (27). It is assumed that bony union will occur
within 12 months when vascularity is retained (28). But this was not yet proven. In children, failure of
revascularization would lead to premature fusion of the growth plate (29).
Compared to conventional angiography, MRI offers a radiation free tool. The postoperative confirmation
of vascular patency in addition to conventional x-ray would help decide on the treatment regarding load
bearing, especially after further revision operations. Further advantages include the possibility of
retrospective assessment of imaging data which may not be given for ultrasound examinations in all
cases.
Complications can range up to 52 % in fibula grafting for tumour resection (30, 31).
The low number of hypertrophies in the upper extremity is consistent with previous findings. In a study
with 21 humeral and 12 forearm reconstructions, no bone hypertrophy was seen after one year follow up
(26). Solid consolidation may not always appear at one junction which was explained by occlusion of
blood outflow, which convert the fibula into an end-organ (24, 26, 27). Sparks et al. discussed that a
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fibula, that was osteotomized on several sides and lost its periosteum, may show decreased or arrested
perfusion, resulting in resorption and patchy necrosis (32).
Weakness of extensor hallucis longus was reported as intermittent donor site complication (4, 33), but did
not appear in our series.
In a study with 32 patients who had an average defect of 12 cm with a follow-up of 5 months to 14.6
years, six received a fibular graft of the radius and three of the humerus (33). They found a hypertrophy in
three out of six fibulas in the upper limb and a not significant lower degree of hypertrophy compared to
the lower limb. That study did not report functional outcomes, and complications were given in total. But
results can vary a lot regarding clinical outcome and bony union (34).

Conclusions
MRI with contrast agent is a radiation free tool for postoperative and follow-up evaluation of free
vascularised fibula grafts. It can be used to determine the bone healing score
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Tables
Table 1: Items of the Rosén-Lundborg-Score
Rosén-Lundberg-Score

Description

Item
Sensory innervation

Semmes-Weinstein monofilaments according to Bell-Krotoski

Tactile Gnosis

2-point discrimination according to Moberg
Shape/texture identification (STI) according to Rosén and
Lundborg

Finger Dexterity

Sollerman hand function test, tasks 4, 8, and 10

Motor Innervation

Manual muscle strength, MRC muscle power grading

Grip Strength

Jamar dynamometer according to Mathiowetz

Pain

4 grade scale for hyperesthesia and cold intolerance

Patient's Opinion of

Impact on ADL on a visual analog scale

Recovery
Scale of Sensory Recovery

Modification by Mackinnon and Dellon of the
Medical Research Council proposal

Table 2 Preoperative status
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Preoperative history

Indication

Side

Dominant

Preoperative
nerve lesion

1

Distal radius fracture

osteomyelitis

right

yes

2

Chronic osteomyelitis and soft

osteomyelitis

right

yes

tissue infection due to iv drug

Median, ulnar,
radial

addiction
3

Angiomatosis of radius

angiomatosis

left

no

4

Osteocutaneous flap of radius for

pseudarthrosis

left

no

jaw reconstruction
5

Open forearm fracture

osteomyelitis

left

no

6

Humeral fracture, implant

pseudarthrosis

right

yes

pseudarthrosis

left

no

failures
7

Monteggia fracture

Median, ulnar,
radial

8

Forearm fracture

pseudarthrosis

right

yes

Functionally
impaired
extension/flexion

9

Monteggia fracture

pseudarthrosis

left

no

10

Radius fracture, pseudarthrosis,

pseudarthrosis

left

yes

low grade osteitis
11

Open forearm fracture

pseudarthrosis

left

no

12

Radius fracture, ulnar head

pseudarthrosis

left

yes

resection
13

Ulnar fracture

Neurapraxia of
ulnar nerve

pseudarthrosis

Table 3 Information on operation.
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left

yes

Receiving site

Donor site

Length of graft [cm]

1

Radius

contralateral

5

2

Radius+Ulna

contralateral

5

3

Radius+Ulna

ipsilateral

15.5

4

Radius

ipsilateral

8.5

5

Radius

contralateral

7.5

6

Humerus

ipsilateral

16

7

Ulna

ipsilateral

6

8

Radius

contralateral

5

9

Ulna

contralateral

8

10

Radius

contralateral

8

11

Radius

contralateral

4.5

12

Radius/Wrist

ipsilateral

12.5

13

Ulna

ipsilateral

5

Patient 2 and 3 received the fibula graft for the construction of a one bone forearm.

Table 4 Functional scores
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median

range

mean

SD

n

DASH

21.7

0 - 55

23.3

17.5

11

MSTS/Enneking upper extremity in % of

76.7

15 - 100

73.5

23.7

11

93.3

29 - 100

87.8

19.3

11

50.96

14.69 -

maximum
MSTS/Enneking lower extremity in % of
maximum

SF-36 mental component

63.45
SF-36 physical component

41.87

29.87 59.98

Rosén-Lundberg sensory median

0.86

0.45 - 1.00

0.83

0.16

13

Rosén-Lundberg sensory ulnar

0.85

0.43 - 1.00

0.83

0.17

13

Rosén-Lundberg motor median

0.58

0.00 - 0.99

0.58

0.30

11

Rosén-Lundberg motor ulnar

0.50

0.20 - 0.99

0.59

0.25

11

Rosén-Lundberg pain/discomfort

1.00

0.50 - 1.00

0.94

0.14

13

Rosén-Lundberg total median

2.43

1.70 - 2.95

2.39

0.42

11

Rosén-Lundberg total ulnar

2.32

1.67 - 2.94

2.36

0.42

11

Rosén-Lundberg sensory median control

0.97

0.88 - 1.00

0.95

0.04

13

Rosén-Lundberg sensory ulnar control

0.98

0.90 - 1.00

0.96

0.03

13

For motor function, patient 6 and 12 were excluded as one has a wrist arthrodesis and the
other a fibula graft operation for defect of the humerus.
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Table 5 Radiographic scores
Giessler score

Weiland score

Modified Weiland score

(% of 18)

(max 14)

(max 13)
Proximal junction

Distal junction

X-ray

X-ray

MRI

MRI

1

11

9

8

9

13 (72)

12 (86)

2

9

9

9

9

16 (89)

12 (86)

3

-

-

-

-

-

-

4

9

14 (78)

13 (93)

5

13

13

13

13

18 (100)

14 (100)

6

-

-

-

-

-

-

7

10

10

6

8

11 (61)

11 (79)

8

-

-

-

-

-

-

9

4

4

0

0

6 (33)

6 (43)

10

9

9

9

9

13 (72)

13 (93)

11

13

13

13

13

13 (72)

13 (93)

12

9

8

5

6

13 (72

10 (71)

13

4

4

4

7

7 (38)

7 (50)

Median

9

9

5.3

7.0

13 (72)

12 (86)

Range

4-13

4-13

0-13

0-13

6-18

6-14

8

Statistical comparison of the Giessler score between x-ray and MRI showed no difference
proximally (n=9, p= 0.180, Wilcoxon-test) and distally (n=9, p=0.066, Wilcoxon-test).
Normalised Weiland score and modified Weiland score show a significant difference (n=10,
p=0.021, Wilcoxon-test) but are linearily correlated (r= 0.900, p<0.001, Pearson correlation
test).

Figures
Page 13/18

Figure 1
Example for susceptibility artefact and anastomosis of ulnar and fibular artery The white arrow points at
the susceptibility artefact at the anastomosis of ulnar artery and fibular artery (black arrow). A video
showing the rotating forearm is available as Supplemental Digital Content 4.
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Figure 2
Second example for susceptibility artefact and anastomosis of ulnar and fibular artery The white arrow is
pointed at the susceptibility artefact at the anastomosis of ulnar artery and fibular artery. A video
showing the rotating forearm is available as Supplemental Digital Content 5.

Page 15/18

Figure 3
Example for susceptibility artefact and anastomosis of radial and fibular artery The white arrow points at
the susceptibility artefact at the anastomosis of radial artery and fibular artery. A video showing the
rotating forearm is available as Supplemental Digital Content 6.
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Figure 4
Early retrograde filling of a subcutaneous vein Example for early retrograde filling of a subcutaneous vein
with branches originating at the graft site. A video showing the rotating forearm is available as
Supplemental Digital Content 7.
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