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Appendix A

A. Participating hospitals
Academic Medical Centre Zuiderziekenhuis
Department of Surgery Department of Surgery
Amsterdam, the Netherlands Rotterdam, the Netherlands

Academic Hospital University of Utrecht Sint Lucas-Andreas Ziekenhuis
Department of Surgery Department of Surgery St. Lucas
Utrecht, the Netherlands Amsterdam, the Netherlands

B. Patient selection:
For the selection of patients the following criteria with regard to age, informed consent, fracture type and
availability for follow-up were used:

1. Inclusion criteria:
- Patients over 18 years of age.
- Patients able to give informed consent.
- Patients available for follow-up for at least four months post-operatively.
- The following fracture types (which would otherwise be treated with rigid external

fixation and percutaneous pinning) were included:
a. Unstable fractures. A fracture was defined as unstable in the following situations:
- if there was an inability to maintain satisfactory fracture alignment at the time of reduction
- in the presence of severe comminution (i.e. Frykman type III-VII)
- in the presence of intra-articular fragments
- if there was severe displacement and difficulties were expected in maintaining

fracture reduction by cast support alone (that is, more than 20° dorsal angulation
and more than 10 mm radial shortening prior to reduction).

b. Loss of reduction following treatment by closed reduction  and casting techniques.
c. Open fractures and fractures with associated nerve, vessel and muscle damage requiring a
free approach to the wound in the post-operative period.
d. Bilateral fractures

2. Exclusion criteria:
- Patients under 18 years of age.
- Patients unable to give informed consent.
- Patients not available for follow-up.
- Patients with a fracture-type other than described above.
- Patients with a pre-existing local infection at the time of operation.

C. Criteria to stop the protocol after enrolment in the study:
- Death of the patient.
- Implant failure.
- Removal of the fixator due to complications.

D. End points of the study:
- Functional result according to Gartland and Werley (modified by Sarmiento).
- Radiological result according to Lidström (modified by Sarmiento).

E. Materials:
In the study the following materials were used in addition to standard equipment:

1. Flexafix devices.
2. Small AO external fixator sets.
3. X-ray and image intensifier facilities.
4. Dynamometer (Jamar Dynamometer, model 2a, Asimov Engineering, Santa Monica, USA).
5. Case report forms.
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F. Pre-operative assessment
After a patient was entered in the study, a pre-operative assessment comprising the following
elements was carried out:
- Medical history.
- X-ray of the left and right forearm and hand (antero-posterior and lateral).
- Fracture classification according to AO and Frykman (see Chapter 3)
- Radiographic measurements (dorsal angle, radial angle and radial length; see Chapter 2)

G. Operative technique
The operative technique is described in Chapter 8. Before a participating clinic started with
the use of the device an operating manual and instruction videotape were supplied. The first procedure in each
hsopital was performed in attendance of the senior traumasurgeon from the development team and/or the author.

H. Post-operative evaluation and instructions
After the operation a standard protocol for the post-operative management was used.
At each evaluation, the data obtained as described below and possible complications or adverse
events were noted on the case report form.

1. Day 1-2:
- Wound and pin site inspection.
- Positioning of the hand (raised).
- Analgesics if necessary.
- Exercise of fingers, elbow and shoulder.
- Discharge from hospital if possible.

2. Day 14:
- X-ray (AP and lateral).
- Wound and pin site inspection.
- Dynamisation of the fixator.
- Encouragement of wrist movement (activities of daily living).
- Commencement of physical therapy if desired.

3. Week 6-8:
- X-ray (AP and lateral).
- Measurement of wrist function (with and without fixator).
- Removal of the fixator.
- Encouragement of wrist movement.

4. Two weeks after removal of the fixator:
- Measurement of wrist function.

5. Month 4:
- X-ray (AP and lateral).
- Clinical evaluation according to Gartland and Werley (mod. Sarmiento).
- Radiological evaluation according to Lidström (mod. Sarmiento).

6. End of follow up:
- X-ray (AP and lateral).
- Clinical evaluation according to Gartland and Werley (mod. Sarmiento).
- Radiological evaluation according to Lidström (mod. Sarmiento).



156

Appendix A

I. Evaluation criteria for clinical result
For the evaluation of the clinical result the criteria described by Gartland and Werley, modified
by Sarmiento, was used. The complete evaluation system is as follows:

Result Points
Residual deformity

No residual deformity 0
Prominent ulnar styloid 1
Residual dorsal tilt 2
Radial deviation of hand 2 - 3

Subjective evaluation
Excellent. 0
(No pain, disability or limitation of motion).
Good. 2
(Occasional pain, slight limitation of motion, no disability).
Fair. 4
(Occasional pain, some limitation of motion, feeling of weakness
in the wrist, no particular disability if careful, activities slightly restricted)
Poor. 6
(Pain, limitation of motion, disability, activities more or less markedly restricted).

Objective evaluation
Normal function 0
Dorsal flexion less than 45° 5
Ulnar deviation less than 15° 3
Supination less than 50° 2
Palmar flexion less than 30° 1
Radial deviation less than 15° 1
Loss of circumduction 1
Pain in distal radio-ulnar joint 1
Grip strength 60% or less than opposite side 1
Loss of pronation 2

Complications
Arthritic change

Minimal 1
Minimal with pain 3
Moderate 2
Moderate with pain 4
Severe 3
Severe with pain 5

Nerve complications 1 - 3
Poor finger function 1 - 2

End result point ranges
Excellent 0 - 2
Good 3 - 8
Fair 9 - 20
Poor  ³ 21
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J. Evaluation criteria for radiological result
The anatomical result was evaluated according to the system proposed by Lidström and later
modified by Sarmiento. Depending on the degree of residual deformity found by measurements on the follow-
up X-rays (dorsal angle, radial angle and radial length, see Chapter 2), the  patients were divided into four
groups:

Excellent.
No or insignificant deformity:
- dorsal angulation not exceeding 0° (neutral),
- radial shortening less than 3 mm.
- loss of radial angle not exceeding 4°.

Good.
Slight deformity:
- dorsal angulation 1 - 10°,
- radial shortening 3 - 6 mm.
- loss of radial angle 5 - 9°.

Fair.
Moderate deformity:
- dorsal angulation 11 - 14°,
- radial shortening 7 - 11 mm.
- loss of radial angle 10 - 14°.

Poor.
Severe deformity:
- dorsal angulation exceeding 15°,
- radial shortening of at least 12 mm.
- loss of radial angle more than 15°.


