Chapter 5 - RESEARCH UNDERTAKEN - ARTHROSCOPY

5.1 Introduction

This section provides a review of the research undertaken on the arthroscopy of the wrist. It
includes six papers published on the following topics: Kienbdck’s disease, distal radius
fractures, STT joint arthritis, contracture of the wrist, intra-osseous ganglion of the lunate, and

ulnocarpal stylo-carpal impaction.

5.2 Arthroscopic assessment and classification of Kienbock's disease

5.2.1 Research aims

The aim was to safely and effectively advance the diagnostic techniques of wrist arthroscopy

in the management of Kienbdck’ disease.
5.2.2 Research objectives
1. To document the arthroscopic changes in Kienbdck’s disease.

2. To develop an arthroscopic classification system based on the spectrum of

arthroscopic observations in patients with Kienbock’s disease.

3. To make recommendations for subsequent treatment based on arthroscopic findings

(i.e. secondary procedure).

4. To determine the correlation between the radiological findings and arthroscopic

findings in patients with Kienbock’s disease.
5. To determine if the procedure is safe, based on review of complications.
5.2.3 Principles of study methodology

Patients were provided with non-operative treatment including wrist splints, non-steroidal

inflammatory medications and advised regarding modification of activities.

A prospective assessment of arthroscopic findings of the wrist was established prior to
performing any arthroscopy (Appendix 4.2). A prospective database of operative procedures
was reviewed to identify those patients who had undergone wrist arthroscopy with a diagnosis

of Kienbock’s disease.
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The medical records of the 18 patients identified were reviewed. The findings in the various

anatomical zones were assessed. These findings were reviewed to determine;
Arthroscopic changes in Kienbdck’s disease.

If an arthroscopic classification system based on the spectrum of arthroscopic observations

could be formulated.
Determine recommendations for subsequent treatment based on arthroscopic findings.

The correlation between the radiological findings and arthroscopic findings in patients with

Kienbdck’s disease.
Assessment of complications.
5.2.4 Main findings of the published research

Arthroscopic observations

A spectrum of pathology was identified ranging from synovitis only to degenerative changes
throughout the entire wrist. The articular changes did vary but tended to have any one of a
number of characteristic patterns. The changes were placed into a sequential order based on

severity. Following this a classification of the articular changes could be identified.
It was noted that the lunate responded to the avascular necrosis in one of two ways. It either:

a) Collapsed with subchondral sclerosis and fragmentation, which was usually localised to the
proximal pole. The secondary degenerative changes that occur are to the distal articular

surface of the radius or
b) fractured in a coronal plane that extended from the proximal to the distal articular surface.

It is unusual to have involvement of the distal articular surface of the lunate, except if a

coronal fracture extends through to the surface, or in late cases (Video 5.1).
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Video 5.1 - Kienbock disease: Wrist arthroscopy view of the left wrist with a soft floating
proximal pole of the lunate with adjacent synovitis. Full thickness cartilage defect of the

lunate facet.

No complications occurred in this group of patients.
Arthroscopic classification

With regard to the definitions of what constituted a functional articular surface, the author
defined a normal articular surface as having a normal glistening appearance or minor
fibrillation and normal hard subchondral bone on palpation. A non-functional articular surface
was defined as having any one of the following: extensive fibrillation, fissuring, localised or
extensive articular loss, a floating articular surface, or fracture. Although this was an arbitory
decision, it was based on what could be expected to provide a functional articulation. The
amount or type of the synovitis was not used to specifically grade the type of wrist, but it is

usually an indication of the severity of the chondral changes.

The grade allocated for each wrist is dependent upon the number of articular surfaces that are

defined as non functional.
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Kienbock’s disease recommendations

The classification developed (Figure 5.1) takes into account the arthroscopic observations and
relates them to the subsequent reconstructive surgical options. A patient with a Grade 0
disorder could be managed with an extra-articular procedure such as joint levelling or a
revascularization of the lunate. Grade 1 or 2a can be managed with a radio-scapho-lunate
fusion. Grade 1 or 2b can be managed with a proximal row carpectomy. Grade 3 and Grade 4
require salvage procedures such as wrist arthrodesis or arthroplasty. Theoretically a grade 3

patient could be managed with a proximal hemiarthroplasty - when they become available!

Figure 5.1 —Arthroscopic classification of articular changes of Kienbdck’s disease.

Grade 0 All articular surfaces functional but may have synovitis.

Grade 1 Non-functional articular surface in the proximal lunate.

Grade 2 A non-functional articular surface of the proximal lunate and lunate facet.
Grade 2b Non-functional proximal and distal lunate.

Grade 3 Non-functional proximal and distal articular surfaces of the lunate and lunate facets
of the radius.

QGrade 4. All four surfaces are non-functional.

From - Bain and Begg, 2006.
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Other non-arthroscopic factors need to be considered. These include the presence of a

negative ulnar variance that would direct surgery more too joint levelling procedure.

Also, the shape of the capitate is important in some patients. Those with a proximal pointed
articular surface are unlikely to obtain a good result with just a proximal row carpectomy.
Therefore these factors also need to be taken into account when determining the best surgical

reconstructive option.
Arthroscopy v radiolographs

An important observation was that it was not uncommon for plain radiographs to underscore
the severity of the articular involvement identified at arthroscopy. I hoped to provide a
correlation of the radiological versus arthroscopic findings, but many of the radiographs had
unfortunately been destroyed, which meant that meaningful statistical correlations could not

be performed due to insufficient numbers.

The disparity between x-ray assessment and arthroscopic assessment has since been presented
by Ribak, who reported that plain radiographs were poorly correlated with arthroscopic
findings (Ribak, 2007). This was our experience, but due to insufficient numbers it could not

be proved in a scientific model.
Complications

No specific complications related to the arthroscopic assessment were observed.
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5.3 Anatomical reduction of intra-articular fractures of the distal radius

5.3.1 Research aims

The aim was to develop a safe and efficient therapeutic technique of wrist arthroscopy for the
management of distal radius fractures. To aim at an anatomical reduction of the articular

surface using minimally invase techniques.
5.3.2 Research objectives

1. To develop therapeutics of wrist arthroscopy technique for the management of distal

radius fractures.
2. To document the arthroscopic findings at the time of surgery.
3. To document patient outcomes using subjective, objective and radiological measures.
4. To document intra-operative and post—operative complications.

5. To determine the efficiency of the arthroscopic procedure based on documented

arthroscopic findings and patient-related outcome measures.
6. To determine the safety of the procedure, based on review of complications.

7. To make recommendations for subsequent treatment based on the determined safety

and efficiency of the operative procedure.
5.3.3 Principles of study methodology
Population

A consecutive series of 31 patients with intra-articular distal radial fractures, managed with
arthroscopically assisted reduction performed by the author between 1994 and 1996, was

reviewed.
Operative technique

Wrist arthroscopy was performed under general anaesthesia with a 2.7mm 30° angle

arthroscope using a standard technique via the 3-4, 6R, ulnar and radial mid-carpal portals.
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The haematoma was evacuated from the joint using lavage and a motorised resector.

Arthroscopy was used to assess the fracture and soft tissue injuries.

Following distraction and closed reduction, fluoroscopy invariably demonstrated an intra-
articular step. Despite this, the degree of joint incongruity demonstrated at arthroscopy was
surprising. It was not uncommon to find that the fragments were tilted in the sagittal plane,
but this was not appreciated on the lateral fluoroscopy because of the overlap of the ulnar,

scaphoid and lunate fossae.
Reduction of the fracture
The fracture was reduced using a five-level algorithm:

-1st order technique: Traction and closed manipulation. Arthroscopy demonstrated that

articular reduction was not achieved by these techniques alone.

-2nd order technique: Percutaneous K-wire (Kirschner) manipulation. The Kapandji (intra-
focal) technique with K-wires placed into the fracture, under fluoroscopy. These K-wires
elevate, reduce and buttress the distal fragment (Kapandji, 1995). K-wires driven into larger
fragment’s such as the radial styloid act as joysticks. In both of these techniques the K-wires
are positioned under fluoroscopy, and then manipulated as the distal radius articular surface is
arthroscopically assessed (Figure 5.2, Video 5.2). The wires are advanced once anatomical

reduction is obtained.
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NOTE: Thisfigureisincluded on page 101 of the print copy of the
thesis held in the University of Adelaide Library.

Figure 5.2 —The intra-articular fragments can be manipulated by 1) the arthroscopic probe, 2)
K-wires introduced into the fragment and 3) intra-focal wires used to buttress the fragment.
From —Mehta et al., 2000.
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Video 5.2 — Wrist arthroscopy demonstrating a distal radius fracture. The radiocarpa joint is
lavaged and a motorised resector is used to debride the clot and synovitis from the joint. The
articular fragments are manipulated with the arthroscopic probe. In the background, the radial
styloid can be seen to be manipulated with a pre-placed K-wire. Once an anatomic articular
reduction is obtained, the 1.6mm K-wire is advanced into the cortex on the ulnar aspect of the
metaphyseal radius. Further K-wires are used to stabilise the distal radius.
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The “London technique” was used in comminuted intra-articular fractures (Bain et a., 1997)
(Figure 5.3). K-wires are advanced through the distal ulna into the subchondral distal radius
and withdrawn from the radial aspect so that they do not encroach on the distal radio-ulnar
joint. For the impacted fracture, placement of two K-wires (with fluoroscopic guidance)

beneath the fragment to manipulate it free is usually successful.

NOTE: Thisfigureisincluded on page 102 of the print copy of the
thesis held in the University of Adelaide Library.

Figure 5.3 — London Technique. The articular surface is reduced, under arthroscopic vision,
with “joysticks’” and the arthroscopic probe. K-wires are advanced through the distal ulnar
and into the subchondral level of the distal radius. The wires are removed from the radia side
of the radius. From —Mehtaet a., 2000.
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-3rd order technique: Arthroscopic manipulation. An arthroscopic probe can be used to
manipulate bony fragments. The lunate facet was difficult to stabilise. The author developed a
technique of advancing a K-wire into the joint and through the articular surface of the sigmoid
notch (following debridement of the torn TFC) and withdrawn from the radial side of the
wrist until it is not visible from the joint. The advantage of this technique was that the wire
could be directly placed into the fragment under arthroscopic vision. The wire could be

manipulated and then advanced to stabilise the fragment.

-4th order technique: Limited open techniques. These techniques are required if the
percutaneous techniques are not successful or are potentially unsafe. For patients with volar
displaced fractures, percutaneous reduction and fixation techniques were often not adequate.
Therefore the author developed the technique of mini-open volar approaches (Figure 5.4).
This was through the floor of the flexor carpi radialis sheath and the between the long finger
flexor tendons and the flexor carpi ulnaris tendon. They represented mini versions of the open
Henry’s approach and volar ulnar approach respectively (Henry, 1957; Pourgiezis et al.,

1999).

-5th order technique: Open techniques. If all of the above techniques prove futile then an open

reduction is performed.
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Figure 5.4 — Mini-open volar approaches. Incision on the radial side of the wrist through the
floor of the FCR tendon sheath. Incision on the ulnar side of the wrist was between the long
flexor tendons and the ulnar neurovascular bundle. Retraction of the longitudinal structures
allows the volar aspect of the distal radius to be identified, so that K-wires can be advanced

across the distal radius to provide stability.

Fluoroscopy

Fluoroscopy was valuable in ensuring satisfactory insertion and positioning of the K-wires.
Fluoroscopy is used to perform the metaphyseal reduction in the early cases demonstrated that
arthroscopy demonstrated failure of reduction. Arthroscopic assessment of the articular
surface demonstrated that fluoroscan assisted reduction of articular surface was often poorer
than expected. Assessment of the stability of the fixation was performed dynamically by
gentle manipulation of the fracture under fluoroscopic control in two planes. Extra fixation,

either percutaneous or external, was utilised if required (Figure 5.5, 5.6).
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Figure 5.5 — Arthroscopic view of distal radius fracture with intra-articular step. From — Bain

etal.,, 1997.

Figure 5.6 — Arthroscopic view of distal radius fracture following reduction of the articular

step. From — Bain et al., 1997.
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At arthroscopy the associated soft tissue injuries can aso be managed. This includes
debridement of the torn triangular fibrocartilage (Video 5.2). The instability of the inter-
osseous ligaments (e.g. scapho-lunate ligament) is assessed using the arthroscopic probe
introduced into the mid-carpal joint (Geissler et al., 1996) (Figure 5.7). The scapho-lunate
interval can be reduced and stabilised with percutaneous K-wire (Video 5.3).

NOTE: Thisfigureisincluded on page 106 of the print copy of the
thesis held in the University of Adelaide Library.

Figure 5.7 — Arthroscopic view of the mid-carpal joint with probe in scapho-lunate interval to
assess instability as reported by Geissler. From —Bain et al., 1997.
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Video 5.3 — Scapho-lunate stabilisation. Arthroscopic view of the mid-carpa joint with
scapho-lunate interval being reduced and stabilised with percutaneous K-wires.
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Management of soft tissue injuries

Via mid-carpal arthroscopy, scapho-lunate instability and lunotriquetral instability were
graded using the Leibovic and Geissler arthroscopic classification (Leibovic and Geissler,
1994). Patients with instability were treated by arthroscopically assisted reduction and

percutaneous pinning of these joints using two 1.6mm K-wires (Figure 5.7).

Osteochondral lesions were arthroscopically identified and debrided. There was no suggestion

of any of these injuries on pre-operative plain radiographs.
Documentation of patient outcome measures.

Arthroscopic findings were documented at the time of surgery on a standardised proforma
sheet (Appendix 4.2) and added to a prospective database of operative procedures. A
standardised clinical independent subjective and objective assessment was undertaken and
documented by a research nurse at least one year following the operative procedure
(Appendix 4.3). A standardised radiological assessment was performed (Appendix 4.4). Pre-
operative and follow-up radiographs were independently examined for radial height, radial
angle and articular incongruity compared to the contralateral wrist ( Mah, 1992; Palmer,
1989). The fractures were classified using the Frykman and the AO classifications (Geissler,
1995; Melone, 1986). Follow-up radiographs were assessed for articular incongruity and
arthritis as described by Knirk and Jupiter (Gartland and Werley, 1951; Knirk and Jupiter,
1986).

The results were graded using the New York Orthopaedic Hospital (NYOH) score and the
Gartland and Werley system (G&W) (Fernandez and Geissler, 1991; Levy and Glickel,
1993).

Medical records were reviewed to identify documented intra-operative and post-operative

complications.

Correlation between the categorical outcomes (the scoring systems) and the categorical
predictors (intra-carpal injuries) was performed using the Fishers Exact Test. The Kruskal-
Wallis Test was used to correlate the categorical outcomes with non-normally distributed

numeric predictors (e.g. radiological assessment) and non-normally distributed numeric
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outcomes (grip, range of motion and pain). Spearman correlations were used for non-normally

distributed numeric outcomes and non-normally distributed numeric predictors.
5.3.4 Main findings of the published research
Arthroscopic observations

Arthroscopy usually revealed the four-part fracture as described by Melone. It was not
uncommon to find at arthroscopy that the fracture was displaced much more than would have

been predicted based on assessment with fluoroscopy.
Subjective observation

Twenty-three of twenty-five (92%) patients were satisfied with their results. The average
residual pain score was 1.3 on a visual analogue scale of 0-10. Most patients had no pain and

some had pain that was intermittent.

Objective observations

The average active range of motion in the affected wrists was flexion 57° (74% of opposite),

extension 56° (78%). The average grip strength was 36kg (90%). Using the NYOH score,
excellent to good results were obtained in 88% of the cases; in Frykman VII fractures the

score was 100% and in Frykman VIII fractures the score was 77%.

Using the Gartland & Wertley scores, excellent to good results were obtained in 70% of the
cases. In Frykman VII fractures the score was 85% and in Frykman VIII the score was

fractures 54%.
Radiological observations

In 17 wrists (65%) there was no intra-articular radiocarpal step. In eight wrists (31%) there
was a step <Imm and in one patient a step between 1mm and 2mm. This patient had a poor
result on both grading systems and was the only patient with severe pain. There was a
significant difference in incidence of pain (VAS > 2) for the patients with no step (18%)),
<Imm step (38%) and >Imm step (100%) (p<0.05).

In the 19 patients with scapho-lunate instability managed with scapho-lunate K-wire fixation,

nine had a residual diastasis of > 3mm. There was a significant difference in the incidence of
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persistent diastasis with the Geissler classification, (Geissler et al.) (Table 2.4) Grade I (0%),
IT (0%), II1 (42%) and IV (100%) (p< 0.01).

Complications

Prior to the development of the author’s volar mini-open reduction method and pinning
technique, there was one patient with loss of reduction due to comminution of the volar
cortex. This was managed with an open reduction and application of volar buttress plate. One
patient developed acute post operative median nerve compression, which was managed by

prompt decompression. Forearm compartment syndrome did not develop in any patient.

Seven patients with external fixateur had infection of the proximal pin sites. The authors
believe this high incidence of infection is related to movement of the soft tissues over the pins
as part of the aggressive rehabilitation protocol. We no longer use this protocol and have

noticed a decreased incidence of these infections.

A radio-ulnar synostosis developed in one patient who had a comminuted distal radius
fracture (AO C3.3) and comminuted fracture of the distal ulna which extended to the
diaphysis (Fernandez Type 3). Porter and Tillman reported two similar cases in their series

(Fernandez et al., 1996).
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5.4 Results of arthroscopic debridement for isolated scaphotrapeziotrapezoid arthritis

5.4.1 Research aims

The aim was to develop and report a safe and effective therapeutic method of arthroscopic
management of STT joint arthritis

5.4.2 Research objectives

To develop a therapeutic wrist arthroscopy technique for the management of STT joint

arthritis.

To perform a cadaveric study to ensure safe portals for the STT joint arthroscopy are

developed.
To assess patient outcomes based on subjective and objective modalities.
To assess the safety of the technique by documentation of complications.

To document the arthroscopic findings and compare them to cadaveric reports.

5.4.3 Principles of study methodology

A cadaveric study was performed to assess the safety of the portal placement. This included

dissection of the subcutaneous tissues and neurovascular structures and their relationship to

the joint and possible portals.

Documentation of patient outcome measures

1.

Arthroscopic findings were documented at the time of surgery on a standardised
proforma sheet (Appendix 4.2).

A prospective database of operative procedures was reviewed to identify those
patients who had undergone the procedure.

A standardised, clinical, independent subjective and objective assessment was
undertaken and documented by a research nurse at least one year following the

operative procedure (Appendix 4.3).

4. A standardised radiological assessment was performed (Appendix 4.4).

Medical records were reviewed to identify documented intra-operative and post-operative

complications.
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Indications

Localised persistent wrist pain that limited the patient’s ability to perform activities.

All patients received a period of conservative treatment, including splinting and analgesics.
5.4.4 Main findings of the published research

The cadaveric study demonstrated that the positioning of the STT joint portal was critical.
Placement to the ulnar side of the extensor pollicis longus tendon is safer for the radial artery
but the superficial branch of the radial nerve and the extensor carpi radialis longus tendon still
are at risk (Figure 5.8, 5.9). If the surgeon goes to the radial side of the extensor pollicis
longus tendon, the radial artery and superficial branch of the radial nerve are both at risk. The
radial artery is often tortuous within the anatomic “snuff box.” The authors recommended a
1.5cm incision in the skin to enable safe blunt dissection. This mini-open approach allows the
surgeon to visualise the neurovascular structures to minimise the risk of injury. The portal to
the radial side of the extensor pollicis longus tendon provides a wider arc from the radial mid-

carpal portal facilitating triangulation.

Figure 5.8 — Cadaveric coronal section of a left wrist with the arthroscopic portal in the STT

joint. Note the close proximity of the radial artery.
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Figure 5.9 — Cadaveric specimen demonstrating the dorsal STT portal ulnar to the EPL
tendon. Note the radial nerve and radial artery and the superficial branch of the radial nerve to

the radial side of EPL tendon.
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The arthroscopic observations demonstrated the presence of eburnated bone on the dista
scaphoid, and proximal trapezium and trapezoid were always extensive (Figure 5.10). These
were more advanced than expected from review of the paper from Moritomo et a (Moritomo

et a., 2000). The joint was debrided with motorised resectors and cautery (Figure 5.11, Video
5.4).

NOTE: Thisfigureisincluded on page 113 of the print copy of the
thesis held in the University of Adelaide Library.

Figure 5.10 — Arthroscopic view of the articular surface of the trapezium and trapezoid, with
the cartilage seen between these 2 bones. From — Ashwood et al., in press.
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NOTE: Thisfigureisincluded on page 114 of the print copy of the
thesis held in the University of Adelaide Library.

Figure 5.11 — Arthroscopic debridement of the STT joint with a motorised resector. From —

Ashwood et a., in press.
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Video 5.4 — STT arthritis. Arthroscopic view of the STT joint with eburnated bone on the
distal aspect of the scaphoid and on the proximal aspect of the trapezium and trapezoid. A

synovectomy of thisjoint can be performed with the aid of a motorised resector.
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Pain and function were improved in all cases. There was improvement in the average wrist
score after surgery, from 63 to 91. Mean grip strength improved from 23 to 42kg. There was

modest improvement in the measured range of motion following surgery.

It is interesting to compare the results with those of other authors. STT arthrodesis has a high
reported complication rate, including non-union, radioscaphoid impingement and secondary
arthritis of radioscaphoid or trapeziometacarpal joints (Garcia-Elias et al., 1999; Ishida and
Tsai, 1993; Srinivasan and Matthews, 1996). Garcia- Elias et al reported that almost 40% of
patients experienced mild pain after STT excision arthroplasty (Garcia-Elias et al., 1999). It is
the author’s experience that excision of the distal scaphoid increases dorsal instability and can

lead to an aggravation of the pain.
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5.5 Arthroscopically assisted treatment of intra-osseous ganglion of the lunate

5.5.1 Research aims

The aim was to develop a safe and effective therapeutic wrist arthroscopy technique for the

management of intra-osseous ganglion of the lunate.
5.5.2 Research objectives

1. To develop a therapeutic wrist arthroscopy technique for the management of intra-

osseous ganglion of the lunate.
2. To assess the patient outcomes based on subjective and objective modalities.
3. To assess the safety of the technique by documentation of complications.
5.5.3 Principles of study methodology
Indications for surgical intervention

The indication for surgical intervention is persistent wrist pain localised to the site of the
lunate that limited the patient’s ability to perform normal activities. Symptoms had to be
present for a minimum of six months before surgery. All patients received a period of
conservative treatment, including splinting and analgesics. Surgery was not considered unless
the patient had results from a radiograph and a bone scan that were consistent with a working

diagnosis of an intra-osseous ganglion of the lunate.

A standardized assessment was independently completed by a research nurse prior to surgery

(Appendix 4.4)

All patients had a pre-operative technetium 99 radionuclide bone scan showing isolated focal
increased uptake within the lunate. This investigation helped to confirm that the patient’s
symptoms were related to the intra-osseous ganglion and not due to other causes. Patients

who had a negative bone scan were not offered surgical treatment.
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Pre-operative planning

CT scans were used to define the location and the extent of the lesion more clearly, aiding
surgical planning. This is particularly important with this technique because the cyst may be
volar or dorsal. The exact site of planned arthroscopic drilling must be determined pre-
operatively to ensure that it was performed in a safe and effective manner. CT images were

assessed in the coronal and sagittal planes (Figure 5.12).

B

Figure 5.12a, b — Intra-osseous ganglion. Lateral view of left wrist (A) and AP view of left
wrist (B). CT scan of the lunate demonstrating the exact position of the ganglion and a small

cortical breach from which the ganglion arises. From — Ashwood et al., 2003.

The proximity of the scapho-lunate ligament is also important as an arthroscopic landmark

and should be interpreted in the pre-operative assessment.
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Surgica Technique

A standard wrist arthroscopy was performed. If the intra-osseous ganglion was mainly volar
then a volar portal was required. The author preferred to use the inside-out technique utilising
a Wissenger rod as it smple and can be performed safely (Bergman and Bain, In Press). The
Wissenger rod is advanced with an inside-out technigue through the interligamentous sulcus
between the RSC and LRL ligaments (Figure 5.13). As long as the Wissenger rod is brought
radial to the flexor carpi radialis tendon the superficial branch of the radial nerve will be safe
(Video 5.5).

NOTE: Thisfigureisincluded on page 118 of the print copy of the
thesis held in the University of Adelaide Library.

Figure 5.13 — Interligamentous sulcus. Wrist arthroscopic view showing long radiolunate

ligament (LRL) on the left and radioscaphocapitate (RSC) ligament on the right. From — Bain
et al., 1997.
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Video 5.5 — Inside-out volar radial portal technique: Wissenger rod is introduced through

interligamentous sides to the radial side of FCR tendon.

A 3.5mm drill was advanced within a trocar via the 3/4 portal under direct vision and
strategically positioned on the lunate at the site of the lesion as determined by the pre-
operative imaging. The scapho-lunate ligament could often be used as an approximate guide
to the position of the ganglion arthroscopically. Satisfactory positioning of the drill tip was
then confirmed in the anteroposterior and lateral planes by fluoroscopy (Figure 5.13). The
drill was then advanced into the body of the lunate corresponding to the site of the intra-
osseous ganglion as previously identified on the CT scan. If the lesion was on the volar aspect

of the lunate on CT then a volar portal was used (Video 5.5).

Once an appropriate cortical hole had been made, a biopsy specimen was taken of the lesion
by using a curette and arthroscopic biopsy forceps. The cavity was found to be filled with a
viscous gelatinous material. Histology confirmed a fibrous capsule of compressed collagen
fibre, fibroblasts and mesenchymal cells around a viscous clear mucinoid center. This

confirmed the provisional diagnosis of an intra-osseous ganglion.

A standard 3mm arthroscopic motorised resector was introduced into the drill hole to enable
debridement of the remaining soft tissue. Fluoroscopy was used intermittently to confirm
position of the instruments during the procedure (Figure 5.14). To confirm the adequacy of

the debridement, the arthroscope was used to inspect the drill hole. This confirmed that all the
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soft tissue was removed. An incision was then made over the dorsal aspect of the wrist
proximal to Lister's tubercle. A small cortica window was developed and cancellous bone
was harvested.

NOTE: Thisfigureisincluded on page 120 of the print copy of the
thesis held in the University of Adelaide Library.

Figure 5.14 — Fluoroscopic confirmation of drill placement into the lunate (small arrow, drill

in cannula; large arrow, arthroscope). From — Ashwood et a., 2003.

A 3mm trocar was then advanced through the 3-4 portal and into the hole in the lunate.
Fluoroscopy was used to confirm that the trocar was well seated within the debrided lunate.
The harvested bone graft was advanced through the trocar and impacted into the lunate by
pushing the graft through the trocar by using a small rod. This reduced the risk of any graft
falling into the wrist joint. The lesion was grafted up to the margin of the cortical bone rather
than to the articular cartilage. The lunate was finaly assessed arthroscopically and
fluoroscopically to ensure that the graft was suitably positioned. The joint was thoroughly
irrigated before the wounds were sutured.
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Patient follow-up

A prospective documentation of arthroscopic findings of the wrist was performed (Appendix
4.2). A prospective database of operative procedures was reviewed to identify those patients

who had undergone wrist arthroscopy with a diagnosis of intra-osseous ganglion of the lunate.
The medical records of the eight patients were reviewed.

Patients were identified prospectively when they had their surgery. A same standardised
assessment was independently completed by a research nurse (Appendix 4.4) at least one year
from the time of surgery. This included measurement of range of motion and grip strength by
using a goniometer and dynamometer respectively before surgery and at follow-up
assessments. Visual analog scales were used to record pain (0-100) and satisfaction levels (0-
100). The contralateral normal side was also assessed for comparison. A record of limitation

of activities of daily living was noted.
Post-operatively radiographs were also evaluated.

Statistical analysis was performed on the primary results using a paired student’s t-test. A p

value of .05 was considered significant.
5.5.4 Main findings of the published research

Subjective data included visual analog pain scores (0-100), which improved from 68 to 11.
The flexion-extension arcs increased from 98° to 114°. Grip strength improved from 11.9kg
to 18.9kg. Wrist scores improved 34 points, from 51 to 85 points. Before surgery, two
patients could be categorised as having fair and six as poor. At the final follow-up evaluation
there were six good or excellent results and two fair results. There were no complications or
repeat surgeries in this patient population. Trabecular bone was noted within the grafted

lunate.
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5.6 Arthroscopic capsular release for contracture of the wrist

5.6.1 Research aims

The aim was to develop a safe and efficient therapeutic technique of wrist arthroscopy for the
management of wrist contracture. To determine the proximity of the major neurovascular

structures on the volar aspect of the wrist.
5.6.2 Research objectives

1. To develop a therapeutic wrist arthroscopy technique for the management of wrist

contracture which is based on principles in the literature.

2. To assess the safety of performing the technique by reviewing a cadaveric and

radiological model
3. To document the arthroscopic findings at the time of surgery.
4. To document patient outcomes using subjective, objective and radiological measures.
5. To document intra-operative and post-operative complications.

6. To determine the efficiency of the arthroscopic procedure based on documented

arthroscopic findings and patient-related outcome measures.
7. To determine the safety of the procedure based on review of complications

8. To make recommendations for subsequent treatment based on the determined safety

and efficiency of the operative procedure.
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5.6.3 Principles of study methodology
Development of technique

A number of unique factors were identified that need to be addressed for arthroscopic release
of the wrist contracture. Of concern were the potential complications including injury to
extra-articular structures such as the major nerves, vessel and tendons. The risk of producing

instability when releasing the wrist was also considered.

The arthroscopic wrist release technique was developed based on the principles of the open
surgical procedure that were utilised in an arthroscopic environment. Previously published
effective open surgical release techniques for the treatment of a wrist joint contracture were

reviewed (Watson, 1988).

The indications for the technique were based on those developed in other joints for open and
arthroscopic releases. That is, a painless stiff joint with minimal changes on plain radiographs
(Jones and Savoie, 1993; Kleinman and Graham, 1996; Morrey, 1992; Richmond and al
Assal, 1991; Warner et al., 1996; Warner et al., 1997; Watson, 1988; Zanotti and Kuhn,
1997).

The arthroscopic wrist release technique was developed based on the principles developed for
arthroscopic release in other joints (Jones and Savoie, 1993; Kleinman and Graham, 1996;
Morrey, 1992; Richmond and al Assal, 1991; Warner et al., 1996; Warner et al., 1997;
Watson, 1988; Zanotti and Kuhn, 1997).

A literature review demonstrated the importance of preventing ulnar translocation of the
carpus by restricting the volar capsular release, based on the principles reported by Viegas

(Viegas et al., 1995).

A cadaveric and MRI study was performed to assess the proximity of major neurovascular
structures to the volar capsule. This was completed prior to performing the operative

procedure.

The cadaveric study demonstrates that the median nerve is protected by the peri-articular fat
and the long flexor tendons. The radial artery is the closest neurovascular structure to the
volar capsule. This information is important when considering performing an arthroscopic

capsular release of the wrist. From an arthroscopic perspective the surgical release of the
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volar capsule can be performed until its peri-articular fat is exposed. It is important that the
surgeon does not extend the release through the peri-articular fat as this may compromise the

neurovascular structures or the long flexor tendon.

The technique of arthroscopic capsular release is demonstrated in Videos 5.6, 5.7, 5.8.

Video 5.6.mpg

00:00:02 Esssssssses——————— |

Video 5.7 - Volar capsular release video. Arthroscopic view showing volar synovitis is
debrided to expose the volar capsule, which is released with cautery. The radial side of the

RSC ligament is preserved to prevent ulnar-translocation.
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©00 /@ Video 5.8.mpg
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Video 5.8 — Volar capsular release. Post-release manipulation.

Documentation of patient outcome measures

1) Arthroscopic findings were documented at the time of surgery on a standardised
proforma sheet (Appendix 4.2).

i1) A prospective database of operative procedures was reviewed to identify those
patients who had undergone the procedure.

iii) A standardised, clinical, independent subjective and objective assessment was
undertaken and documented by a research nurse at least one year following the
operative procedure (Appendix 4.3).

iv) A standardised radiological assessment was performed (Appendix 4.4).

Medical records were reviewed to identify documented intra-operative and post-operative

complications.
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5.6.4 Main findings of the research:

Arthroscopic observations

There was often synovitis on the volar capsule.

Subjective observation

There was improvement in pain (VAS 0-10) from 1.5 to 1.0.
Objective observations

There was improvement in flexion from 17° to 47° and extension from 10° to 50°. Grip strength

improved from 13 to 31kgs.
Radiological observations

No ulnar translocation was observed.
Complications

No neurovascular or other complications occurred.
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5.7 Arthroscopic excision of ulnar styloid in stylo-carpal impaction

5.7.1 Research aims

The aim was to develop a safe and therapeutic technique of arthroscopic management of ulnar

stylo-carpal impaction
5.7.2 Research objectives

1. Assess the pre-operative diagnostic value of fluoroscopic examination of the wrist in

the provocation position to determine if there is ulnar styloid impingement.

2. Assess the pre-operative diagnostic value of 3D CT examination of the wrist in the

provocation position to determine if there is ulnar stylo-carpal impingement.

3. To assess if the arthroscopic position of the ulnar styloid can be confirmed intra-

operatively with fluoroscopy.

4. To assess if the arthroscopic excision of the ulnar styloid can be performed and

confirmed with fluoroscopy.

5. To perform a clinical review of those patients who have undergone the arthroscopic

excision of the ulnar styloid.
5.7.3 Principles of study methodology

Clinical cases of suspected ulnar stylo-carpal impaction were identified. This included factors
identified in the literature such as a presentation of ulnar-sided wrist pain, pain with the
provocation of ulnar deviation, and a relatively long ulnar styloid identified on plain

radiographs.

The author performed a dynamic fluoroscopic assessment of the wrist to ensure that the ulnar

styloid was impinging on the carpus and that it coincided with the patients symptoms.

A 3D CT scan in the provocation position was also performed to confirm the impingement.
There were some patients in which a provisional diagnosis of impingement was made on plain

radiographs but were not confirmed using these other 2 modalities.

Pre-operative independent standardised clinical assessment was performed (Appendix 4.3).
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At time of surgery the position of suspected ulnar styloid was identified arthroscopically and

confirmed with fluoroscopy.

The resection of the ulnar styloid was performed with the arthroscopic burr (Figure 5.15,
5.16).

Figure 5.15 — Arthroscopic view of a burr in position to perform an arthroscopic debridement

of the prominent ulnar styloid.
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Figure 5.16 — Arthroscopic view (6R portal) of the prominent ulnar styloid. Note that it is flat

and eburnated. In the background can be seen the ulnar carpal ligaments.

Adequate resection was confirmed on fluoroscopy.

A one year post-operative independent standardised clinical assessment was performed

(Appendix 4.3).
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5.7.4 Main findings of the research

Pre-operative fluoroscopy can be utilised to confirm that the ulnar styloid is impinging on the
carpus. This is important there were cases with a provisional diagnosis of stylo-carpal

impaction which were proven on provocation testing to not be the case.

A pre-operative 3D CT scan can be utilised to confirm that the ulnar styloid is impinging on

the carpus.

Excision of the ulnar styloid can be performed arthroscopically without the need to perform

an open procedure.

Fluoroscopy can be utilised to confirm correct position of the arthroscopic burr.
Post-operatively the patients did not demonstrate instability of the distal radio-ulnar joint.
The rehabilitation of the patients was rapid without the need for immobilisation.

Follow-up clinical scores were considerably better than pre-operative scores. The results were
reviewed for publication. However the journal preferred to accept the paper as a techniques

paper only because there were only 4 cases.

No complications occurred.
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5.8 Linkages between the various papers

The work quoted from Quentin Fogg was performed in his thesis (Fogg, 2004). The author
supervised his thesis and helped with the development of concepts that he subsequently
published in his thesis. The different scaphoid anatomical findings were interesting but left
the question, What is the relationship between the scaphoid motion and the type of lunate
(Viegas, 1990). The scaphoid kinematic study presented in this thesis is to address this
question (Galley et al., 2007).

Having developed a better understanding of the radial mid carpal joint, the natural extension
was to the ulnar aspect of the mid carpal joint. However, the literature on the anatomy of the
ulnar side of the mid carpal joint has been confusing and its association with the lunate type is
unknown. The study on the triquetro-hamate joint was aimed to assess the ulnar side of the
mid carpal joint and to identify what its relationship is to the lunate type (McLean et al.,
2006) (Viegas, 1990). Therefore the research projects have covered the morphology and
kinematics of the radial and ulnar sides of the mid carpal joint. Further research is planned to
compare the ligament attachments of the type 1 lunate and type 2 lunate wrists. From this
information a better understanding of the ligamentous morphological factors of the carpus and
their association with the osseous morphological factors described by Viegas and Fogg can be

determined (Viegas, 1990; Viegas et al., 1993) (Fogg, 2004).

The anatomical cadaveric papers increase the understanding of the normal wrist. Imaging of
the wrist is required in clinical practice to have an understanding of the morphological
abnormalities in the patient’s wrist. Previously plain radiographs were the mainstay of
assessment of scaphoid fractures. Unfortunately assessment of scaphoid fractures and
deformity is difficult with plain radiographs. The papers on the imaging of the scaphoid
provide a clinical, relevant radiological assessment of the anatomy of the scaphoid. The
longitudinal CT scan technique provides a new technique for imaging the scaphoid. That
method of imaging became the standard method (Appendix 4.1) for all future CT scan papers.
The “target sign” was used as a criterion for determining the correct alignment in the
humpback deformity paper. The humpback deformity paper provides a comparison of a
previously published technique to newly developed techniques (Amadio et al., 1989). The
clinical utilisation paper is an extension of this work to provide an overview of the clinical
uses of CT scanning the scaphoid (Bain, 1999). It includes pre-operative templating and the

concept of partial volume averaging.
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The next extension is to compare the radiological assessment to histology and post-operative
outcome. This unpublished work is to assess the pre-operative CT scan findings including
fracture location, deformity and radio-density (Smith et al., 2007). It includes assessing the
scaphoid deformity using the standardised longitudinal CT scan method with the “target sign”
to ensure correct alignment of the scan. The pre-operative CT scan will be assessed for
deformity using the height-to-length ratio and the dorsal cortical angle which are previously

developed methods.

A new method to assess the position of the dorsal cortical breach has been developed and will
be correlated to avascular necrosis (AVN). This is the dorsal-cortical percentile. A tube saw
technique of bone grafting was performed to correct the deformity (Sandow et al., 1992). This
involves harvesting a small specimen of the proximal pole of the scaphoid into which is
inserted a bone graft. The tube saw specimen was sent for histological assessment of

avascular necrosis.

This study will assess the 1) pre-operative radiological findings, 2) the independent histology
assessment of avascular necrosis and 3) post-operative fracture union assessed on longitudinal
CT scan. From this study the effect of the radio-density of the proximal pole, scaphoid
deformity and the location of the dorsal cortical breach will be compared to the histology of
the proximal pole of the scaphoid. All the pre-operative radiological and histological factors
will then be correlated with fracture union. The dorsal cortical percentile and radio-density of
the proximal pole were strongly correlated with AVN and persistent non-union. Some
bridging across the fracture fragments was protective against AVN. Therefore the results of
this work will correlate the pre-operative radiology, scaphoid pathology and surgical

outcome.

The imaging section addresses the radiological assessment of the abnormal wrist. The
arthroscopy section advances the surgical treatment of the abnormal wrist. The individual

publications address different diagnoses.

The literature reviews had covered diagnostic and a number of therapeutic options of
arthroscopy of the wrist. This thesis builds on this platform and covers a number of
therapeutic modalities. The paper in the thesis on Kienbock’s disease was an extension of
diagnostic arthroscopy (Bain and Begg, 2006). This paper aimed to advance the diagnostic

volume of arthroscopy in Kienbdck’s disease arthroscopic findings were recorded and

132



collated into a classification and provides a series of treatment recommendations based on the
findings and the treatment options previously published in the literature. The treatment

options relate to other unpublished work prepared by the author (Bain and Sood, 2007).

A number of “ectomy” procedures have been published in the literature (Roth and Poehling,
1990). A natural extension of the "ectomy" procedure is to extend it into other anatomical
zones of the wrist using the concepts and instrumentation already available. The procedures
for debridement of the STT joint and ulnar styloid respectively are line-extensions from the

previously reported literature.

The next extension is to arthroscopic assisted reduction of distal radius fractures. This is
technically more demanding. A number of authors had already published their findings and
results in patients with arthroscopic assisted management of distal radius fractures. The
extension from the previously published literature was to have an algorithm-based approach
to the management of these injuries. The author reported the operative and clinical results,
compared to the subjective findings to the post-operative radiological findings and identified a
statistical correlation between the size of the deformity and the severity of pain. The
arthroscopic assisted reduction of distal radius fractures includes a 5 level algorithm for
management of the fractures and the associated soft tissue injuries. It includes debridement of
TFC and inter-ligamentous lesions and percutaneous fixation methods of the distal radius
fracture and inter-osseous intervals. The severity of pain was correlated to the size of the

articular step.

After reviewing clinical cases of wrist injuries, it was evident that some patients had a
disabling wrist contracture. This was witnessed following injury and open surgical

procedures.

The natural extension was to consider if an arthroscopic capsular release of the wrist could be
performed. The capsular release technique is a new wrist arthroscopic technique that had not
been reported in the literature. However, the literature did highlight the potential complication
of ulnar translocation of the carpus. Because of the potential complexity of the technique,
cadaveric and radiological studies were performed first. The technique was then performed in
a clinical setting and reported in the literature (Verhellen and Bain, 2000). The next extension
of this work is to perform a dorsal capsular release for patients who have a joint contracture

from a tight dorsal capsule (Bergman and Bain, In Press).
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The author identified that the role of fluoroscopy in assessment of wrist disorders had not
been defined. The paper on the use of fluoroscopy in hand and upper limb surgery reported on
the clinical use of fluoroscopy in the operative field (Bain et al., 1997). The author found
linking fluoroscopy and arthroscopy to be extremely valuable when performing arthroscopic
assisted reduction of distal radius fractures. Arthroscopy provides the best assessment of
reduction of the articular surface. However, fluoroscopy provides the best assessment of the

reduction of the metaphyseal base and position of the internal fixation.

This device was utilised to assess the kinematics of the scaphoid motion in the normal wrist
(Galley et al., 2007). It has been used in arthroscopic procedures such as for the management
of distal radius fractures and fixation of the scapho-lunate interval. The extension of the use of
this device was critical to enable the development of new arthroscopic techniques such as the
arthroscopic ulnar styloid excision and intra-osseous ganglion debridement. Without
developing the understanding of the clinical role of fluoroscopy, these techniques could not
safely have been performed. The extension of fluoroscopic imaging into the surgical

arthroscopy arena has allowed the author to make further advances in these areas.

Anatomy is an important component of the imaging and arthroscopy sections. An
understanding of the anatomical alignment of the scaphoid was key to the development of the
longitudinal CT scan technique and development of the new methods of assessing scaphoid
deformity (Bain et al., 1998; Bain et al., 1995). The appreciation that the natural alignment of
the scaphoid is oblique to the conventional anatomical planes is key. Anatomy is inter-related
in the safety of the arthroscopic techniques, which included a cadaveric and MRI study of the
proximity of the volar capsule to the major neurovascular structures which are relevant to
capsular release surgery. A cadaveric study of the STT joint and the adjacent soft tissues was
performed to ensure safe portal placement. Once the clinical problem is identified the author
has questioned if arthroscopic options can be developed. This requires re-assessment of the
normal anatomy and re-interpretation of the imaging. Further anatomic studies are being
considered to assess the feasibility of performing an arthroscopic scapho-lunate ligament

reconstruction.
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Chapter 6 - CONCLUSION

6.1 Introduction

The conclusion provides an overriding discussion of the work presented in the thesis. It
includes comments on the significance of the work, problems encountered and future

research. It is not aimed to be a detailed reworking of the discussion of each paper published.

6.2 Anatomy

The work described in the thesis has made advances in a number of areas. There has been a
development in the understanding of the morphology of the normal wrist joint and how the

morphology interacts with wrist kinematics.
6.2.1 Scaphoid kinematics

The study on the scaphoid kinematics has demonstrated that the osseous morphology of the
lunate has a significant association with the kinematics of the scaphoid. The type 1 lunate
wrist has a greater degree of scaphoid translation, whereas the type 2 lunate wrist has a
greater degree of scaphoid flexion. Using the older terminology, the scaphoid in the type 1
lunate wrist behaves in the row configuration and the scaphoid from a type 2 lunate wrist
behaves in a column configuration. The importance of this is that lunate type can be used as a
pre-operative radiological marker to determine the type of scaphoid motion. This may be
important in determining which surgical procedure should be performed. For example,
Stanley reported that a STT joint arthrodesis is likely to have a better outcome in a row wrist

and than a column wrist.

Fogg demonstrated that there are two types of scaphoid, i.e. rotating and flexing scaphoid
(Fogg, 2004). He documented differences in the ligamentous attachments of the two types of
scaphoid and that there were different ligament attachments acting as rotation or flexion

restraints to the scaphoid (Figure 2.8, 2.9, 2.10).
Scapholunate instability is characterised by abnormal scaphoid flexion and rotation.

This suggests that the patient with a gross scapholunate instability has reached the final
common position, i.e. the scaphoid is in abnormal rotation and flexion. The flexing scaphoid
has a rotational injury to the rotatory restrains, which causes the scaphoid to be unstable

(Figure 6.1). The author postulates that the best surgical procedure will be to perform a repair
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or reconstruct specifically directed at the rotatory restraints. If the flexion restraints are also
repaired then the patient will have abnormal stiffness of the joint. In the late presentation
where repair is not feasible then a reconstruction of the rotatory restraints should be

considered.

Figure 6.1 — Mechanism of injury. A flexing scaphoid with its rotational restraints. The

mechanism of injury is a rotational injury to tear the rotational restraints.

For the rotating scaphoid the opposite is postulated, i.e. for flexion injury of the rotation
restraints surgery is directed of the rotational restraints. A reasonable proposal is that one
reason the surgical procedures for scapho-lunate instability have only fair results is that the
ligament reconstruction should be tailored to the individual’s skeletal and ligamentous

morphology (Blatt, 1987; Brunelli and Brunelli, 1995; Slater and Szabo, 1999).
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A cadaveric morphological study is currently being performed with the aim of assessing
whether different ligament repairs or reconstructions are required to stabilise the type 1 and 2
lunate wrists. Plain radiographs are being used to determine the lunate type. CT and MRI
scans of the wrists are being performed. The ligament attachments of the wrists will be
determined with MRI and confirmed with loupe magnification. This will provide information
on the accuracy of MRI in determining the attachment of ligaments. The CT images will be
used to determine the scaphoid type (Fogg, 2004) and for 3D kinematic studies for later

comparison with the determined ligament attachments.

The restraints of the scaphoid will be divided to create a scapho-lunate instability. A surgical
reconstruction of the rotation or flexion restraints will be performed. The results in the

cadaveric repairs will be compared to determine the stability.

137



Other current work includes identifying the association between the lunate type and the
incidence of STT joint osteoarthritis. Interestingly, the type 2 lunate wrist has a considerably
higher incidence of degenerative arthritis at the STT joint than the type 1 lunate wrist (Figure
6.2). It is postulated that this is related to the increased scaphoid flexion at the STT joint with
a type 2 lunate wrist, as demonstrated in this thesis. Unfortunately for the type 2 lunate
population, they are more prone to arthritis at the STT and luno-hamate joints and have an

increased incidence of humpback deformity (Haase et al., 2007) with scaphoid fractures.

Figure 6.2 - Plain radiograph of type 2 lunate wrist with STT joint degenerative arthritis.
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An interesting observation was the fact that the capito-hamate articulation is co-linear with
the luno-triquetral articulation in ulnar deviation in the type 1 lunate wrist. In contrast, the

capito-hamate articulation is co-linear with the luno-triquetrial articulation in ulnar deviation

in the type 2 lunate wrists (Figure 6.3).

Figure 6.3 - Fluoroscopic images of wrist. Type 1 lunate wrist on the top and type 2 on the
bottom. The left images are in radial deviation, middle in neutral and right in ulnar deviation.
The capito-hamate articulation is co-linear with the luno-triquetral articulation in ulnar
deviation in the type 1 lunate wrist. In contrast, the capito-hamate articulation is co-linear

with the luno-triquetrial articulation in ulnar deviation in the type 2 lunate wrist.
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The authors postulated that the morphological difference was genetically determined and
resulted from different embryological development of the carpus (Figure 6.4). It is known that
a cartilaginous analogue forms and that apoptosis of mesenchymal causes separation of the
carpal unit (Berger, 1998). These smaller cartilaginous components later ossify to become the
carpal bones. Further investigation is required to determine whether this is the case or whether
the different morphologies result from factors such as in-utero positioning or development of

separate primary ossification centres.

Figure 6.4 — Fetal wrist. A 45mm crown-rump fetal wrist with what appears to be a type 2

lunate, which articulates with the capitate and hamate. From Berger, 1998.
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6.2.2 Triquetro-hamate joint

The triquetro-hamate joint paper has identified two characteristic and distinct morphological
patterns of articulation at the triquetro-hamate joint. The more common TqH joint was formed
by a type A triquetrum and a type I hamate (TqH-1). It has a helicoidal configuration which is
double-faceted, similar to the subtalar joint. The hamate and the triquetrum articular surfaces
have complementary concave and convex surfaces. It was postulated that this configuration
enforces an obligatory joint rotation in wrist ulnar deviation (i.e. it produces pronation of the
distal carpal row in full ulnar deviation). This is a screw-home mechanism that locks the joint

in ulnar deviation and it was proposed that this is important in power grip.

The TqH-2 joint is formed by a type 2 hamate and a type B triquetrum, which is less
undulating and does not have a hamate groove. The slight concavity of the triquetrum fits
neatly against the convexity of the hamate. In maximal ulnar deviation the flat distal part of
the triquetrum fits with the slight volar “dish-like” concavity of the hamate. It was postulated

that this will allow rotation, but it is not an obligatory rotatory torque on the mid-carpal joint.

The research on the TqH joint was performed on cadaveric material, which provides the best
representation of the joint morphology as there is minimal change in the cadaveric model. A
formal kinematic study has not been undertaken, although will be required. A statistically
significant correlation was not demonstrated between the lunate type and type of triquetrum,
hamate or triquetro-hamate joint. Further research is required to determine the association

between the morphology of the triquetro-hamate joint and the remainder of the carpus.

The overall significance of the triquetro-hamate paper is that it more accurately defines the
hamate, triquetrum and triquetro-hamate joint and identifies that there are two main types of
joint, which are part of an overall spectrum of the normality of this joint. Taken together,
these two papers demonstrate that the normal wrist has a spectrum of morphological and
kinematic patterns and characteristics. This spectrum confirms similar findings by other
authors on the variability of the normal wrist (Craigen and Stanley, 1995; Fogg, 2004; Nuttall
et al., 1998; Viegas, 1990). Further work is required to better understand the spectrum of
differences and what the kinematic and clinical significances of these differences are.

Furthermore, we need to better appreciate how we should treat each different wrist type.
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6.3 Imaging

6.3.1 Longitudinal CT scan of the scaphoid

At the commencement of this work it was common for the clinician to only use plain
radiographs for the clinical and pre-operative assessment of scaphoid fractures. Assessment of
the scaphoid deformity could be performed with the intra-scaphoid angle using trispiral

tomography (Amadio et al., 1989).

There is now a standardised way of performing a longitudinal CT scan of the scaphoid, which
is comfortable and does not require the use of an immobilisation device. The “target sign”
provides objective evidence that the scanning plane is along the line of the longitudinal axis
of the scaphoid. Scanning in radial deviation is more comfortable, rotates the scanning plane

away from the radius and accentuates the humpback deformity.

In the paper on the humpback deformity, two new methods of assessment of the humpback
deformity were developed. Both the height-to-length ratio and the dorsal cortical angle were
shown to provide superior reliability compared to the intra-scaphoid angle (Amadio et al.,
1989). The baseline values for normal scaphoid height-to-length ratio and the dorsal cortical

angle have also been documented.

For the surgeon, it is critical to understand the scaphoid deformity when planning treatment.
The development of pain, stiffness and degenerative arthritis are known to be related to
scaphoid deformity (Amadio et al., 1989). Having reliably identified the scaphoid humpback
deformity, the surgeon then needs to consider correction of the deformity. Fernandez
developed the templating technique for planning correlation of scaphoid deformity utilising
plain radiographs and tracing paper (Fernandez, 1984). The templating method using

longitudinal CT scanning prepares the surgeon pre-operatively for correction of the deformity.

In the post-operative period, CT scan assessment to confirm fracture union has been
recommended by the author. There are some cases with a non-union in which interpretation of
fracture union can be difficult. The description of the partial volume averaging method
explains some of those cases in which there was a difference of opinion regarding fracture

union.
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The significance of the CT scan papers is that there are now standardised methods of
performing CT scans, and reliable methods of assessment of the humpback deformity as well

as a method for planning correction of the deformity.

Since publication of the three papers on CT scans of the scaphoid, there have been
considerable technical advances in imaging that have provided improvements in the clinical
assessment of the abnormal wrist. To a large extent, these advances are related to improved
data processing and improved computer technology. The advances have also included the
development of helical CT scanning, which is faster, provides better resolution and can be
easily reformatted. Three-dimensional CT scanning has developed into an imaging modality
that can be useful. MRI scanning has also had considerable technical advances, in addition to
the use of specialised wrist coils and intra-articular contrast (Mack, 2003, Rubin, 2005). As a
consequence, the resolution of lesions of articular cartilage and intra-articular ligaments has

improved significantly

There are a number of anatomical factors that affect the deformity of the scaphoid. Fracture
location is important and has an effect on the incidence of the humpback deformity
(Moritomo et al., 2000). Fractures proximal to the dorsal cortical ridge are stabilised by dorsal

ligaments and prevent flexion of the distal scaphoid (Haase et al., 2007).

Pathological factors including avascular necrosis (AVN) are likely to also have an effect on
fracture union and possibly deformity. A review is underway of a series of patients who have
had tube saw biopsies (Sandow et al., 1992) performed of the proximal pole of the scaphoid at
the time of surgical bone grafting (Smith, 2007). The pre-operative longitudinal CT scan is
being correlated with the independently assessed histological findings (Ficat, 1985). Post-
operative CT scans have been utilised to assess fracture union. The dorsal cortical percentile
1s a new method of assessment of scaphoid fracture location (Figure 6.5) and has been
demonstrated to be associated with the incidence of avascular necrosis (Figure 6.6, 6.7). Intra-
observer and inter-observer variability stabilisation studies have been demonstrating good
reliability of this new radiological parameter. The correlations to fracture site, radio-density of

the proximal pole, comminution and other radiological criteria have been assessed.
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NOTE: Thisfigureisincluded on page 144 of the print copy of the
thesis held in the University of Adelaide Library.

Figure 6.5 - The dorsal cortical percentile. A baseline is drawn aong the volar aspect of the
scaphoid. Perpendicular lines are drawn at the proximal and distal limits of the scaphoid. A
dorsa line completes the box. A line is drawn through the fracture. Where the fracture line
intersects, the dorsal line is identified. The distance from the proximal line to the fracture line
(P) is measured. The distance from the fracture line to the distal line is measured (D). The
dorsal cortical percentile is calculated and recorded as a percentage. (P/P+D). Image from
Michael Smith.
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NOTE: Thisfigureisincluded on page 145 of the print copy of the
thesis held in the University of Adelaide Library.

Figure 6.6 — Normal scaphoid bone. Histology of osteocytes can be visualized within the
lacunae. The fatty marrow between the trabeculae is structurally intact and viable. Image from
Chris Carter.

NOTE: Thisfigureisincluded on page 145 of the print copy of the
thesis held in the University of Adelaide Library.

Figure 6.7 - AVN scaphoid. Histology of necrotic scaphoid bone as indicated by empty
lacunae, appositional new bone growth and granulation tissue replacing the marrow. Image

from Chris Carter.
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The presence of some bridging trabeculi across the fracture was found to be protective for
AVN (Figure 6.8). In contrast, some scaphoids appeared to be a pseudo-arthrosis with clearly
separate fragments (Figure 6.9). This is of considerable interest owing to its association with
the published concept of partial volume averaging (Figure 4.6) (Bain, 1999). This concept
was initially used to explain how different observers would interpret an incomplete union of a
scaphoid fracture. It is important to note that the scaphoid fracture with minimal bridging
trabeculi may be an artefact of the way the CT scan processes the information to produce an

image and may represent a non-union.

Figure 6.8 — Bridging trabeculi. CT scan with some bridging trabeculae between the proximal

and distal fracture fragments.

Figure 6.9 — Pseudo-arthrosis of the scaphoid. Clearly separate fragments with no bridging

trabeculi. Note increased radio-density of proximal pole.
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The author now believes that the patient with the minimal bridging callus has a fibrous union,
consistent with a report by Slade et al and not a pseudo-arthrosis (Slade et al., 2003). This is
an important distinction. It is a fibrous union but not an osseous union. It is an important
subgroup of non-union. Slade et al reported the use of arthroscopy in the assessment and
management of scaphoid fibrous non-union. CT scanning demonstrated a well-aligned
fracture with minimal sclerosis (<Imm) and no cyst formation. Arthroscopy was used to
confirm reduction and the presence of an intact cartilaginous envelope. The fracture was seen
as a dark line on the articular cartilage and probing revealed a firm fibrous union. These
authors recommended percutaneous compression screw fixation without bone grafting and
had 100% union at 14 weeks. This shows the importance of identifying this subgroup as they
have a protected vascularity and fibrous stability. The fracture should not be taken down,
bone graft is not required and the prognosis with surgery is excellent. However, the natural

history of this group remains unknown.

This is an interesting example of the extension of the work in the thesis, the advances over
this time and how they relate to the literature. The current AVN study has encouraged the
author to re-think a point of view held for 10 years. New original work considered in the light

of the recent literature has led to a new interpretation of an old concept.

Concepts used in this case include advanced imaging to understand the scaphoid morphology,
the use of diagnostic arthroscopy to visualise and palpate the scaphoid, and the use of
fluoroscopy to insert the screw into the scaphoid using a percutaneous technique. These

concepts highlight many of the principles developed in the thesis.
6.3.2 Fluoroscopy

The advances in fluoroscopy have been interesting. Although there have been technical
advances, it is the clinical utilisation of fluoroscopy that has been important. Fluoroscopy has

become a dynamic modality to assess the kinematics of the wrist.

The single fluoroscopic image provides the assessment of the morphology of the skeletal
anatomy. Having two views performed, with one being a stress view, gives an understanding
of single plane instability. Dynamic fluoroscopy performed by the surgeon provides a

dynamic understanding of the kinematic anatomy.
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Fluoroscopy has been important in the development of wrist surgery in the kinematic
assessment of joint and skeletal stability. It was used initially for confirmation of carpal
instability (Braunstein et al., 1985; Protas and Jackson, 1980; White et al., 1984). However,
this was usually performed by a radiologist in the radiology department. The author has used
it for assessment of mid-carpal instability. However, there have been cases of ulnar
translocation of the radiocarpal joint, scapho-lunate and distal radio-ulnar joint instability, for
which it was used to confirm the diagnosis. The treating surgeon assesses the instability. The
understanding is in the detail of the assessment. Assessment includes the direction of
instability, whether the joint can be dislocated, subluxated and reduced. Other factors include
the force required to produce and reduce the instability and whether the reduction is congruent

and remains stable.

Fluoroscopy was valuable in the assessment of fracture stability following insertion of
internal fixation. If the fracture configuration was found to be mobile following fixation then
a further level of stability was required (e.g. more K-wires or an external fixateur). The use of
the intra-operative fluoroscopic assessment of stability in subsequent cases avoided this

complication, by identifying these cases and then utilising additional operative fixation.

Dynamic fluoroscopy was used for the management of stylo-carpal impaction. By performing
a provocation test under fluoroscopic guidance, it becomes an important diagnostic imaging
modality. A positive test is if the patient has reproduction of the pain when the ulnar styloid
impacts in the carpus. As a pre-operative assessment the diagnosis of this uncommon
condition could be confirmed or refuted. Dynamic fluoroscopy is now an important diagnostic
tool that directs surgical selection and practice. Therefore the role of fluoroscopy has been

extended since the publication of the relevant paper in this thesis.

Fluoroscopy is the dynamic component of imaging that can assess the kinematic component
of the normal and abnormal anatomy. Therefore another part of the puzzle is better
understood, as the surgeon can assess skeletal morphology with computed tomography and
kinematic anatomy with fluoroscopy. The combination of fluoroscopy and arthroscopy has
been a major factor in extended the practice of arthroscopy (Figure 6.10). The limitation of
resolution of the fluoroscopic image remains a problem and for this reason arthroscopy

remains a superior modality to confirm anatomical reduction of the articular surface.
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Figure 6.10 - Fluoroscopic image confirms position of the drill bit, which has been placed

into the lunate under arthroscopic vision.
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6.4 Arthroscopy

The thesis describes considerable advances in the practice of arthroscopy. The description of
new portals has extended the indications for arthroscopic surgery of the wrist. This is in part
due to the way the portals are used and interchanged. The author refers to this as the “box
concept”. The Box concept is that the joint is like a 3D box, with the scope and instruments
that can enter the box from multiple different directions (Figure 6.11). The position of the
scope and instruments can be changed to allow the scope and instrument to be optimally
positioned. Therefore the surgeon can extend the surgical therapeutic possibilities as almost

all parts of the joint can be visualised and instrumented.

Figure 6.11 — “Box concept”. The arthroscopic 3D box with the multiple arthroscopic portals
for viewing and instrumentation. This allows therapeutic surgery in any part of the joint.

Image from private file.
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6.4.1 Kienbock’s disease

For diagnostic arthroscopy, the main area of advancement has been with the assessment of
Kienbock’s disease. The arthroscopic changes have been documented. It was the author’s
experience that plain radiographs underscored the severity of the articular involvement
identified at arthroscopy. An arthroscopic classification was developed based on the spectrum
of arthroscopic observations. From this classification, the recommendations for subsequent
treatment were outlined. A problem encountered by the author was the inability to fulfil an
initial aim of relating the arthroscopic findings to the radiological findings. This is because
many of the radiographs were disposed of by the institutions in which the patients were
managed. Therefore future work will require the correlation of arthroscopic and radiological
findings in patients with Kienbock’s disease. Future work is also required to determine the

natural history of the articular findings in Kienbdck’s disease.
6.4.2 Distal radius fractures

Arthroscopy provides a superior assessment of the articular surfaces of the wrist. The paper
on arthroscopic management of distal radius fractures confirmed fracture displacement
despite an apparent fracture reduction using fluoroscopy. There was a high incidence of
osteochondral and ligament injuries of the carpus which were not evident on pre-operative
plain radiographs. Other authors have also reported the superior assessment of articular

reduction with arthroscopy (Ruch et al., 2004).

A principle aim of the study was to obtain an anatomical reduction of the articular surface
with the assistance of the arthroscopic vision. Knirk and Jupiter and later Melone have
directed the clinician to accept a step in the articular surface up to 2mm (Bain et al., 1996;
Knirk and Jupiter, 1986). The author has demonstrated that the incidence of pain is
significantly related to the size of the step. The author recommended that a principal aim of
managing intra-articular fractures should be to restore the normal anatomy, aim at articular
congruity (i.e. Omm step) and accept only a step of <Imm. This finding is important as it
demonstrates that the step in the articular surface not only affects the radiological outcome

(Knirk and Jupiter 1986), but also the subjective outcome.

The secondary aim of treatment was to perform the procedure using minimally invasive
techniques. A five-level algorithm was developed with this aim in mind. It uses K-wires were

possible to stabilise the fracture. The use of these methods minimises the need to open the
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fracture. With arthroscopic management of distal radius fractures there were cases with a
volar fracture for which satisfactory stability could not be obtained using the methods initially
planned for the study. Limited open volar techniques were developed during the course of the
study to overcome the volar instability that can occur. The importance of the fluoroscopy in
the assessment of fracture stability as part of this technique has already been stated. Although
minimally invasive procedures have low morbidity, it must not be at the expense of joint

stability.

Other papers have also identified a high incidence of associated soft tissue injuries with distal
radius fractures (Freeland and Geissler, 2000; Geissler et al., 1996; Lindau et al., 2003;
Richards et al., 1997; Ruch et al., 2004). In this series, patients with a grade 3 or 4 scapho-
lunate injury had a high incidence of persistent diastasis despite percutaneous K-wire fixation
(persistent diastasis: 0% grade 1 & 11, 42% grade III, 100% grade IV). Other unpublished
work by the author on acute scapho-lunate ligament injuries also demonstrated persistent
diastasis of the scapho-lunate interval despite K-wire fixation (Bain and Duncan, 2003). For
these reasons, the author no longer performs percutaneous fixation of scapho-lunate ligament

injuries, preferring an open repair or reconstruction depending upon the severity of the injury.

Table 6.1 provides a summary of results of various authors at the time of publication. The
high incidence of scapho-lunate instability in the author’s series is due to the assessment
method chosen. The author performed fixation based on instability (Geissler classification)
(Table 2.4) and not the presence of a ligament tear. Grades I and II are probably within the
limits of normal and ultimately obtained a normal scapho-lunate interval. Grades III and IV

are significant instabilities, but are not stabilised with percutaneous fixation techniques.
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Table 6.1 - Arthroscopically Assisted Reduction of Distal Radius Fractures. Adapted from Mehta et al., 2000.

Author Total TFC tears SL tears LT tears Osteo- Results
Cases

chondral (G & W)

(%) (%) (%) lesion (%)
Hanker GJ 1996 77 65 14 6 18 No results
Roth JH et al 1995 118 39 18 12 - No results
Geissler WB et al 1996 60 43 32 15 - No results
Culp RW & Osterman AL 1995 27 54 55 23 42 10E,12G,5F
Wolfe SW et al 1995 7 - - - - 7E
Mehta and Bain 2000 26 58 85 61 19 11E,7G,6F,2P

G&W-Gartland and Werley criteria

E-excellent, G-good, F-fair, P- poor
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Minimally invasive techniques are likely to continue to evolve to reduce surgical morbidity.
The overall significance of the paper is that it increases the surgical options of treatment, with
the development of new techniques, to manage distal radius fractures. The outcomes for
scapho-lunate ligament injuries are an important subgroup of the study. The recommendations
with regard to the size of the residual articular step are a new guide to management of distal

radius fractures, whether they be managed by closed, arthroscopic assisted or open means.

Since completing the arthroscopic study on distal radius fractures, there has been the
introduction of volar locking plates (Orbay, 2000; Orbay and Fernandez, 2002; Orbay and
Fernandez, 2004). These have been popular as they stabilise the majority of complex
fractures. The author now uses the volar locking plates for the majority of fractures that

require surgery.

It is the author’s opinion that there is still a place for wrist arthroscopy in the management of
complex fractures. These include, firstly, those cases where there is some doubt (following
fluoroscopic assessment) as to whether the screws could be intra-articular. The arthroscope
can be introduced via a volar portal using the existing open volar surgical approach.
Assessment of the articular reduction and associated soft tissue ligamentous injuries can also
be performed (Levy and Glickel, 1993). Secondly, wrist arthroscopy is useful for complex
fractures in the higher demand patients, in which there is greater concern regarding the
fracture reduction and scapho-lunate ligament instability. Thirdly, the arthroscopic technique
remains the preferred technique in those cases with an isolated radial styloid fracture, as it

allows percutaneous fracture fixation and assessment of the scapho-lunate interval.

The author believes that future work is required to determine the role of wrist arthroscopy in
conjunction with fixed angle volar plate fixation. After all, imaging of the articular surface is
difficult with fluoroscopy and an articular step of >1mm can be associated with an increased
incidence of pain and arthritis (Knirk and Jupiter, 1986; Mehta et al., 2000)(2122, 8513). It
may be that a greater percentage of cases should have arthroscopy included to assist with

optimisation of fracture reduction.

Wrist arthroscopy is now a valuable adjunct in the management of intra-articular distal radius
fractures, both in the assessment of associated intercarpal ligament injury and improving the
quality of joint surface reduction (Freeland and Geissler, 2000; Geissler et al., 1996; Lindau et
al., 2003; Richards et al., 1997; Ruch et al., 2004). The role of arthroscopy has subsequently
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been confirmed to be superior to intra-operative fluoroscopy and plain x-ray in assessing joint
surface reduction (Edwards et al., 2001). Patients with arthroscopically assisted reduction of
intra-articular distal radial fractures have been shown to have superior clinical outcomes,
better range of motion and improved radiological variables (displacement and angulation)

compared to a fluoroscopic assisted reduction (Ruch et al., 2004).
6.4.3 STT Arthritis

The aim of the STT joint paper was to develop and report a safe and effective therapeutic
method of arthroscopic management of STT joint arthritis. This paper was the first peer
reviewed paper in the literature to investigate the outcome in this group of patients (Ashwood
et al., 2003). The paper included a cadaveric study on the proximity of the neurovascular
structures to the STT joint. By following the guidelines provided, the technique can be safely
performed. The arthroscopic observations demonstrated the presence of eburnated bone on the
distal scaphoid and proximal trapezium and trapezoid that were always extensive. These were
more advanced than those expected from the cadaveric study reported by Moritomo et al.
(Moritomo et al., 2000). It is likely that the clinically symptomatic cases that required surgery
are more advanced than the cadaveric cases selected at random, which often reflect articular

signs of aging.

A satisfactory outcome has been demonstrated based on an independent assessment of
subjective and objective outcome measures. There was an improvement in pain, functional
wrist score and grip strength. There were no complications or re-operations in the clinical
series of 10 patients. The complication and re-operation rate of the arthroscopic procedure is
better than that of the published results for STT arthrodesis and excision arthroplasty (Eiken,
1979; Garcia-Elias et al., 1999; Ishida and Tsai, 1993; Kaji et al., 1993; McAuliffe et al.,
1993; Srinivasan and Matthews, 1996). High rates of STT fusion non union, radiocarpal
degenerative arthritis and neuroma formation have been reported. Pain, stiffness and re-
operation were reasonably common. Excision arthroplasty of the STT joint has been reported

to be associated with carpal malalignment, DISI deformity and pain.

In the author’s view, the arthroscopic debridement of the STT joint should be the first-line
surgical option for patients with STT joint arthritis. This is based on the fact that the
arthroscopic procedure has a satisfactory clinical outcome and has a lower complication and

re-operation rate than other reported open techniques.
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The STT joint arthroscopic procedure does not further compromise the skeletal morphology.
However, it provides symptomatic improvement for the majority of patients. In contrast, the
STT fusion and excision arthroplasty are salvage operations of the STT joint, which by their
nature do not return the normal joint morphology. Therefore the procedure brings with it the
complications and morbidity of the open surgery and modifies the joint kinematics in a non

physiological way (Garcia-Elias et al., 1989; Gellman et al., 1988; Short et al., 1992).

Arthroscopic debridement in the knee has been proven to be effective in some patients (Bert
and Maschka, 1989; Dandy, 1991). The results in the STT joint have been better than those
reported in the knee. In the knee the loads are considerable. Pain and a fixed flexion deformity
will have a profound effect on gait and function. In the wrist the loads are much less (Viegas
and Patterson, 1997) and restricted motion can be better tolerated (Palmer et al., 1985). The
patient also has the potential to favour or bypass the use of the wrist and therefore can better
tolerate a disability (Bialocerkowski et al., 2003). Longer-term clinical results are required to

determine its overall efficiency.

The overall significance of this paper is that an arthroscopic debridement is a safe and
efficient therapeutic technique for STT joint arthritis, with results superior to the historical
controls of STT joint fusion and excision arthroplasty based on complication and re-operation
rates. Arthroscopic treatment for STT joint has been successful in this small patient
population. However, a longer period of follow-ups in a larger series is required to establish

its position as a preferred treatment modality.
6.4.4 Intra-osseous ganglion of the lunate

The study on the intra-osseous ganglion of the lunate was the first report on the role of
arthroscopy in this condition. The subjective and objective assessments of the results have
demonstrated satisfactory outcomes. The technique has been documented to be safe, based on
the assessment of complications. The overall significance of the paper is that it reports a
minimally invasive method of treating patients with intra-osseous ganglion of the lunate,
thereby avoiding the morbidity and complications of the open surgical technique (Schajowicz

et al., 1979; Tham and Ireland, 1992; Waizenegger, 1993).

As it is an uncommon condition there is only a small series of cases that have had the surgery.
Assessment of a larger group of patients is required before the true position of this paper can

be determined. However, the results of the open curette and bone graft have been complicated
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by stiffness, as the procedure often requires an open capsulotomy and release to provide
adequate exposure (Schajowicz et al., 1979; Tham and Ireland, 1992; Waizenegger, 1993). In

fact, it was this complication that led to the impetuous to develop the arthroscopic technique.
6.4.5 Capsular release of the wrist

The capsular release procedures in the elbow and shoulder (Jones and Savoie, 1993;
Richmond and al Assal, 1991; Warner et al., 1996; Warner et al., 1997) ( Warner et al., 1996;
Warner et al.,, 1997) are now well accepted techniques. The paper on the arthroscopic
management of contracture of the wrist is the first report on the role of arthroscopy for release
at the wrist. Since publishing the paper on wrist contractures, the author believes that the
classification of etiology of contractures should change to separate intra-articular and capsular
causes as they have different etiology, treatment and prognosis. The author recommends the
classification of contracture should be divided into three categories: intra-articular, capsular
and extra-articular. This is a significant separation as patients with intra-articular causes (e.g.
fractures, ligament injuries and degenerative arthritis) require intra-articular treatment and
have a poorer prognosis. The capsular causes (e.g. capsular injury, immobilisation) can be
managed with capsular release. The extra-articular causes (e.g. heterotopic ossification and

musculotendonous contracture) require an open surgical approach.

Prior to commencing the procedure, a cadaveric and MRI study was performed to
demonstrate the proximity of the major neurovascular structures to the volar capsule. No
complications occurred in this small clinical series. However, the surgeon needs to be vigilant
in view of the severity of complications that could occur. For this reason, cadaveric training is
recommended before the surgeon undertakes this procedure. The author was concerned about
the possibility of ulnar translocation of the carpus and followed the recommendations of the
cadaveric study by Viegas (Viegas et al., 1995). The author has not witnessed this
complication but it remains a potential concern. To minimise the chance of this disabling
complication, the author now recommends that the radial half of the RSC ligament be left

intact.

Contractures of the wrist are common, however most patients function well with a moderate
contracture (Palmer et al., 1985)(5549). Therefore the majority of patients with contractures
are treated with non-operative modalities. As a consequence, this technique has not been

tested in a larger series. At present the author has made very tight recommendations of who
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should perform the procedure and in which patient population. However, as surgeons become
more comfortable with advanced arthroscopic techniques and patient demands for improved
function increases, the technique may become more commonly performed. The patients in
this small series did improve their flexion from 17° to 47° and extension from 10° to 50°
which has been maintained at longer follow-up. The grip strength also improved from 13 to

31kgs, which was thought to be due to the increased wrist extension.

The overall significance of the paper is the addition to the literature of a minimally invasive
method of treatment for patients with wrist joint contracture that avoids the open surgical
procedure and its morbidity and complications. The cadaveric study details the proximity of
the major neurovascular structures to the volar capsule. A technique has been developed that
is safe based on a cadaveric study and a small case series. Further studies are required to

ensure the safety of this technique in the wider community.
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The author has also performed an arthroscopic dorsal capsular release. The technique has
been reported in a book chapter but requires publication with a series in peer review literature
(Bergman and Bain, In Press). The dorsal capsule is in close proximity to the extensor
tendons and is probably at greater risk of injury than the structures on the flexor side of the
wrist (Figure 6.12). By using a nylon tape, which is railroaded between the extensor tendons
and the dorsal capsule, the extensor tendons can be retracted to minimise the risk to the
extensor tendons during the capsular release or excision (Video 6.1). The nylon tape is placed
into the 3-4 portal on a curved artery clip and advanced to the capsule level so that it is deep
to the extensor tendons. It is then “rail-roaded” to the 6R portal and retrieved (Figure 6.13).
Traction on the tape will retract the extensor tendons. The best view of the dorsal capsule is
via the volar portal, which looks directly at the dorsal capsule. (Video 5.5) Once a clear view
is obtained the dorsal capsule is excised leaving the nylon tape and extensor tendons behind

(Video 6.1).

Cross-sectional anatomy

UN 6.7 mm
MN 6.9 mm

Figure 6.12 - Cross-sectional anatomy of the wrist at the level of radial tuberosity with
relationship of major nerves, UN, ulnar nerve; MN, median nerve (just distal to pronator

quadratus). From — Verhellen et al., 2000.
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Video 6.1 - Dorsal capsulectomy. Dorsal capsule being excised with the aid of basket forceps.

In the background can be seen the white nylon tape retracting the extensor tendons.

Figure 6.13 - Nylon tape used to retract the extensor tendon off the dorsal capsule. Image

from private file.
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6.4.6 Stylo-carpal impaction

The paper on ulnar stylo-carpal impaction was the first report on the role of arthroscopy in
this condition. It is a rare condition, so the author recommended extra steps be taken to ensure
the correct diagnosis before proceeding with surgery. Performing the provocation manoeuvre

under fluoroscopic control and a 3D CT scan in the provocation position was recommended.

The ulnar styloid is identified at arthroscopy with the assistance of fluoroscopy. The overall
significance of the paper is the addition to the literature of a minimally invasive technique for
management of ulnar stylo-carpal impaction that avoids the need to perform an open excision
with its associated morbidity. As this condition is rare, and the diagnosis requires specific

identification, only 4 cases have been performed.
6.4.7 Complications

The technical difficulties of performing advanced arthroscopic techniques always remain a
concern. An understanding of morphological and kinematic principles of anatomy is the key
to development to safe and efficient surgical procedures. The use of pre-operative cadaveric
studies (e.g. proximity of neurovascular structures), review of the literature to be able to
specifically predict potential complications (e.g. ulnar translocation) and performing surgery

in a cadaveric model, are all important in the development of new techniques.

Despite the relatively advanced surgical cases performed in a wide variety of pathologies, the
incidence of complications was low and similar to that reported in the literature (Culp, 1999;
Warhold and Ruth, 1995). There was a case of acute carpal tunnel syndrome following an
arthroscopic assisted distal radius fracture. This was managed with an urgent open carpal
tunnel release. Clearly this complication is a concern; however, it did not affect the long-term

outcome of the patient.

Patients with arthroscopic management of distal radius fractures had the highest incidence of
complications. This is in part due to the complexity of the injury and extravasation of fluid.

The surgeon needs to be extra vigilant in management of these cases.

Joint stability is a key issue for open and arthroscopic joint surgery. At arthroscopy it remains
a significant issue and one that must continue to be considered. The case of the distal radius

fracture with persistent instability due to inadequate skeletal stabilisation is a good example.
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Stability was considered a critical factor in the development of the arthroscopic capsular
release procedure. It was also an important consideration when assessing which procedure to
perform in a patient with STT joint arthritis. Arthroscopic excision arthroplasty of the distal
scaphoid would be technically possible; however, this would produce a greater degree of

carpal instability, as was witnessed with the open procedure (Garcia-Elias et al., 1999).

The author did perform arthroscopic radiofrequency capsular shrinkage for mid-carpal
instability (Pathak and Bain, 2003). This technique was later abandoned by the author because

of recurrence of the instability.

There were no cases of reflex sympathetic dystrophy (RSD) or septic arthritis in any series in
this thesis. The author can not recall any case of RSD or septic arthritis in the 550 cases in the

total data-base of arthroscopy.
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6.4.8 New published techniques

Many new techniques have been reported in the literature in the last 13 years, some by the
author and many by other authors (Adolfsson, 2000; Adolfsson, 2005; Adolfsson and Frisen,
1997; Badia and Jimenez, 2006; Badia and Khanchandani, 2007; Carro et al., 2003; Chen et
al., 2005; Culp et al., 1997; Darlis et al., 2006; Gobel et al., 2004; Hagen and Aaser, 1998;
Harley et al., 2004; Hirsh et al., 2005; Ho et al., 2003; Luchetti and Andrea, 2003; Menth-
Chiari and Poeling, 2000; Nagle, 1999; Nagle and Geissler, 2001; Osterman, 2001; Ruch et
al., 1998; Sagerman and Short, 1996; Shih et al., 2005; Slutsky, 2002; Slutsky, 2005; Sweet
and Weiss, 2001; Thurston and Stanley, 2000; Weil et al., 2006; Weiss et al., 1997; Wiesler et
al., 2006). The indications for arthroscopy can be considered as diagnostic and therapeutic.
Table 2.1 provides a list of indications for wrist arthroscopy written by the author in 1994, at

the commencement of the thesis, and subsequently published in 1997 (Bain et al., 1997).

Table 6.2 provides a current list of indications for wrist arthroscopy. It includes the newer
techniques of wrist arthroscopy and separates them into sections for the soft tissue and bone.
It also separates them into technique related groups to highlight the complexity of the surgery

performed.

163



Table 6.2 - Current Indications for Wrist Arthroscopy 2007

Soft Tissue

Bone

Diagnostic

Wrist pain of unknown origin

Synovial biopsy

Assessment of instability
Staging of Kienbock’s disease*

Staging prior to limited wrist fusion

“Ectomy” Procedures

Bacterial sampling, drainage
and joint lavage

Dorsal and volar ganglions
Intra-osseous ligaments
Synovectomy

Triangular fibrocartilage
complex (TFCC) tears

Articular cartilage lesions

Distal ulnar (wafer procedure)
Ulnar styloid*

Lunate

Os central carpi

Pisiform

Proximal pole of scaphoid
Distal pole of scaphoid
Proximal row carpectomy
STT Joint debridement*

Hamate

Tissue Shrinkage

Capsular shrinkage

Ligament shrinkage

Surgical release

Volar capsular release*

Dorsal capsular release*

Drilling

Drilling of intra-osseous ganglion of the

lunate*

Repair procedures
including osseous
percutaneous fixation

TFCC suture

Dorsal radiocarpal ligament

Distal radius fractures #
Peri-lunate dislocation
Scaphoid fractures
Scapholunate pinning

Lunotriquetral pinning

Reconstructive procedures

SL ligament reconstruction”

DRUI stabilisation®

Bone graft to scaphoid non-union
Limited wrist fusion

Full wrist fusion”®

*Described by the author. # Contribution provided by the author. * Future work planned
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It is most interesting to compare these two tables and note the significant advances that have
occurred in this 13-year period. The areas in which the author has described the technique,

made a contribution to the literature or has future work planned are marked.

The arthroscopic papers have demonstrated the importance of diagnostic arthroscopy to
identify the detail of the articular surface as documented in the reduction of distal radius
fractures and assessment of the articular changes in Kienbock’s disease. The importance of
arthroscopy as a diagnostic modality is supported by other papers in the literature (Cooney et
al., 1990; Freeland and Geissler, 2000; Geissler and Freeland, 1996; Geissler et al., 1996;
Lindau et al., 2003; Richards et al., 1997; Roth and Haddad, 1986; Ruch et al., 2004).

The importance of using a minimally invasive technique is highlighted in the paper on
management of STT joint arthritis, where the reduced complications and re-operation rates
are better than historical controls. Its use is likely also to be important in the surgical
management of intra-osseous ganglion of the lunate, wrist joint contracture and ulnar stylo-

carpal impingement.
6.4.9 New arthroscopy techniques

The author has performed a full wrist fusion in a rheumatoid patient (Video 6.2). This
involves arthroscopic synovectomy and debridement of the radiocarpal and mid carpal joints.
A Steinman pin is advanced through the shaft of the 3 metacarpal and into shaft of the
radius. Bone graft is harvested from the iliac crest and added to the joints via the arthroscopy
portals. Arthroscopy assisted scapholunate ligament reconstructions have also been reported
by (Ho et al., 2007). The author has performed arthroscopic assisted ligament reconstruction
of the scapholunate instability in a cadaveric model. The author has explored the options of an
open sigmoid notch osteoplasty with an arthroscopic assisted DRUJ stabilisation procedure
(Wallwork and Bain, 2001). The ligament reconstruction was modelled on the Adams DRUJ

reconstruction (Adams and Berger, 2002).
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Video 6.2 - Radiocarpal fusion. Bone graft harvested from distal radius and placed into
debrided radiocarpal and mid-carpal joints. Steinman pin advanced from 3™ metacarpal into

radius.
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6.4.10 Outcome measures

Further work is required in this area on outcome measures. Patient-rated outcome measures
should be the foundation of assessment; after all it is the patient’s wrist. The Adelaide
questionnaire is an outcome tool that utilises patients’ opinions in the assessment of the wrist.
It was developed by Andrea Bialocerkowski in her PhD thesis (Bialocerkowski, 2002;
Bialocerkowski et al., 2000; Bialocerkowski et al., 2003; Bialocerkowski et al., 2003). The
author of this thesis was the supervisor of her thesis and co-author of the published material.
The author has started to utilise this assessment tool to provide patient derived data when

assessing disorders of the wrist (Bialocerkowski and Bain, 2007).

When performing surgery it is important that we have assessment tools that are related to the
surgical outcomes and clinically based patient derived outcomes. Having observed the results
obtained from surgery, the onus is then on the surgeon to assess the clinical outcome based on
these modalities. When the surgeon assesses the outcome of these patients it is important to
go back to the primary anatomy to identify whether the reconstructive procedures have in fact

improved the symptomatic and functional outcome required for the patient.
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6.5 Summary

The work described in this thesis has addressed the perceived deficiencies in the knowledge
of wrist anatomy, imaging and arthroscopy that limited the surgical treatment of wrist
disorders. The thesis encompasses studies of normal anatomy, imaging of the abnormal wrist,

and the development of wrist arthroscopy.

The problem areas identified which were addressed included (i) the morphology and
kinematics of the normal wrist, (i) imaging of scaphoid deformity and the clinical application
of fluoroscopy in the management of the wrist disorders and, (iii) surgery of the wrist, which
was usually performed as an open procedure, and the clinical application of wrist arthroscopy,

which was in its first decade of development.

To address these deficiencies, a radiological study was undertaken to determine how the
morphology of the lunate affected the kinematics of the scaphoid. Lunate morphology was
demonstrated to be associated with scaphoid kinematics. The result of this finding is that it is
now possible to predict scaphoid kinematics because lunate type can be determined from
plain radiographs. An anatomical study of the triquetro-hamate joint was undertaken to
determine the morphology of this joint and whether it is related to the lunate morphology.
Two types of triquetro-hamate joint were identified but these were not associated with the
morphology of the lunate. One type had a helicoidal configuration and the other was
relatively flat. Further research is required to determine the effect of these morphological

differences on wrist kinematics.

To image deformity of the scaphoid, a standardised method of longitudinal computed
tomography was developed. An inter-observer reliability study was undertaken to compare
the previously reported intra-scaphoid angle to newly developed methods of assessing the
humpback deformity. The height-to-length ratio and dorsal cortical angle were found to be
more reliable than the intra-scaphoid angle. The concepts of partial volume averaging for the
assessment of scaphoid fracture union and pre-operative templating of correction of scaphoid
deformity were described. Further research has commenced to assess the association of pre-
operative radiological factors to avascular necrosis and clinical outcome measured by fracture

union.

The role of arthroscopy was investigated in a number of clinical conditions. Patients with

Kienbock’s disease were assessed to determine whether characteristic patterns of articular
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changes could be identified at arthroscopy. Based on the findings, a classification of these
arthroscopic findings was developed and used to direct future treatment. A study of
arthroscopically assisted reduction of distal radius fractures was undertaken, which included
development of new arthroscopically assisted and mini-open reduction and fixation
techniques. Post-operative articular deformity was found to be associated with an increased
incidence of pain. Arthroscopic debridement for STT joint arthritis was demonstrated to be a
safe and effective treatment with a lower complication and re-operation rate than previously
reported open procedures. New arthroscopic methods of capsular release of the wrist,
arthroscopically assisted drilling of intra-osseous ganglion of the lunate and arthroscopic
debridement of the ulnar styloid were developed. The use of fluoroscopy has developed as a

diagnostic tool and is a valuable adjunct to arthroscopy.

The work described in this thesis increases the knowledge of the normal wrist morphology

and imaging. It further advances the role of arthroscopy in the treatment of wrist conditions.
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LIST OF TABLES

This section provides a list of all of the tables within the thesis.

Table 2.1 - Indications for Wrist Arthroscopy 1996

Table 2.2 - Arthroscopic Wrist Portals

Table 2.3 - TFCC Injuries — Palmer’s Classification

Table 2.4 - Geissler Arthroscopic Classification of Carpal Instability

Table 6.1 - Arthroscopically Assisted Reduction of Distal Radius Fractures

Table 6.2 - Current Indications for Wrist Arthroscopy 2007
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LIST OF FIGURES

This section provides a list of all of the figures within the thesis. The first number is the

chapter in which the figure is referenced.

Figure 1.1 - Drawing from a medieval text shows omission of the carpus.

Figure 1.2 - First radiological image created by Roentgen in 1895. It shows the osteology of
the hand but omits to include the wrist. Image from National Library of Medicine, Public

domain.

Figure 1.3 - An open volar approach to a large intra-osseous ganglion of the lunate. With this
exposure through the floor of the carpal tunnel the patient developed a contracture of the
wrist. This complication raises the question, how to treat this complication and how to prevent

it. Image from private file.

Figure 2.1 — Type 1 lunate. Wrist radiograph of a type 1 lunate, note the single distal articular

facet of the lunate.

Figure 2.2 — Type 2 lunate. Wrist radiograph of a type 2 lunate, note the double distal

articular facet of the lunate.

Figure 2.3 — Cadaveric right wrist. Mid-carpal joint with type 2 lunate. Note the large radial
sided facet of the lunate (L) and small ulnar sided facet of the lunate (arrow). The hamate (H)
articulates with the ulnar facet of the lunate and the triquetrum (T). The capitate (C)
articulates with the scaphoid and the radial facet of the lunate. From — Viegas et al., 1990.

Figure 2.4 - Wrist radiograph with a type 1 lunate. Note the large radius of curvature of the
capitate which articulates with the scaphoid and single facet of the lunate and triquetrum.

From — Nakamura et al., 2000.

Figure 2.5 - Wrist radiograph with a type 2 lunate. Note the small radius of curvature of the
capitate. Which articulates with the scaphoid and the radial facet of the lunate but not the

ulnar aspect of the lunate or triquetrum. From — Nakamura et al., 2000.
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Figure 2.6 - Histological view of the carpus including the scapho-lunate ligament. From —

Fogg, 2004.

Figure 2.7a,b — Dorsal view of a right scaphoid. With the rotating scaphoid there is a single
dorsal ridge for insertion of the radioscaphoid (RS) ligament. In the flexing scaphoid there are
3 ridges for insertion of the radioscaphocapitate (RSC) and dorsal intercarpal ligament (DIC).
The middle ridge is for attachment of the radioscaphoid (RS) ligament. Adapted from — Fogg,
2004.

Figure 2.8 — Lateral 3-D view of right scaphoid. In the rotating scaphoid (left) the
radioscaphoid (RS) ligament attaches to the dorsal ridge of the scaphoid. The radiocapitate
(RC) and dorsal intercarpal ligament (DIC) bypass and encircle the scaphoid. These act like a
pulley and help control the position of the scaphoid but allow rotation. In contrast, in the
flexing scaphoid (right), the radioscaphocapitate (RSC) ligament attaches to the scaphoid as
does the dorsal intercarpal ligament (DIC) and act as rotatory restraints but allow flexion.

From — Fogg, 2004.

Figure 2.9 — Diagrams of a left scaphoid looking from the radial aspect. Stylised diagram of
the rotating and flexing scaphoid. Note in the rotating scaphoid that the dorsal intercarpal
ligament (DIC) and radioscaphocapitate (RSC) do not attach to the scaphoid but act as a
pulley. The volar scapho-trapezo-trapezoidal (STT) ligament has a narrow base on the
scaphoid which helps to act as a point of rotation around which the scaphoid rotates. In
contrast with the flexing scaphoid, the STT ligament has a wide base on the scaphoid. The
radioscaphocapitate ligament (RSC) has an attachment to the scaphoid waist, over which it

flexes.

Figure 2.10 — Dorsal anatomical cadaveric dissection of a left scaphoid comparing the two
types. In the rotating scaphoid the dorsal intercarpal ligament (DIC) has a loose membranous
(M) attachment to the scaphoid before passing onto the trapezium (Tm). In contrast in the
flexing scaphoid the DIC has a strong attachment to the scaphoid and does not extend to the
trapezium. From — Fogg, 2004.

Figure 2.11 — Cadaveric coronal section of a right wrist. Type 1 lunate which articulates with

a unicondylar mid-carpal joint. This is similar to a hip joint. From — Fogg, 2004.
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Figure 2.12 — Cadaveric coronal section of a right wrist. Type 2 lunate with a radial facet
which articulates with the capitate and the ulnar facet which articulates with the hamate. This

creates a bicondylar mid-carpal joint which is similar to a knee joint. From — Fogg, 2004.

Figure 2.13 - Correlation of scaphoid inclination index to scaphoid flexion index. From -

Garcia-Elias et al., 1995.

Figure 2.14 - Radiographic measurements obtained in order to calculate the scaphoid indices.

From — Garcia-Elias et al., 1995.

Figure 2.15 — Radiographical views of the right scaphoid. Percutaneous electrical stimulation
was used to achieve union in this angulated scaphoid fracture. Seven years later, significant
degenerative change associated with pain and limited extension caused the patient to return
for re-evaluation. A, Anteroposterior view, note retained stimulation wire; B, lateral view; C,
lateral tomogram, note improved detail of scaphoid anatomy; D, one year after cheilectomy,

patient had improved motion and less pain. From - Amadio et al., 1989.

Figure 2.16 - Intrascaphoid angle. Lateral diagram of left wrist. A perpendicular line is drawn
to the proximal and distal articular surfaces and the resulting angle is measured. From -

Amadio et al., 1989.

Figure 2.17 - Photograph of operating room set-up for performing wrist arthroscopy. Image

from private file.

Figure 2.18 - Dorsal wrist arthroscopy portals. The convention is to describe portals
according to their anatomic location. The radiocarpal portals are numbered according to their
relation to the extensor compartments, e.g. the 3 4 portal is situated between the third and
fourth extensor compartments; the 6R compartment is on the radial side (R) of the Extensor
Carpi Ulnaris tendon (sixth compartment). A=artery; DRUJ = distal radioulnar joint; MCR =
mid-carpal radial; MCU = mid-carpal ulnar. From - Bain et al., 1997.

Figure 3.1 - Demonstrates the results obtained from the author’s patient population. It is
interesting to compare the author’s results with those published by Garcia Elias (Figure 2.13)
SII (scaphoid inclination index), SFI (scaphoid flexion index) The results for each individual
are marked with a number to represent the lunate type, i.e. 1, 2 or 3 (intermediate). Red line
is the correlation of the total group. The thin red line is for the correlation of the type 1 lunate

wrists and thin black line is for the correlation of the type 2 lunate wrists.
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Figure 3.2 - Hamate, dorsal view (A) a right type I hamate and (B) a type 2 hamate. The type
1 hamate with a deep hamate groove and a distinct distal ridge. The type 2 hamate has a

shallow hamate groove and no distal ridge.

Figure 3.3 - Triquetrum, mid-carpal view (A) right type A triquetrum and (B) a type B
triquetrum. The type A triquetrum has a helicoidal shape. The type B triquetrum has a flat
dish shape.

Figure 3.4 - Triquetro-hamate joint, volar view (A) Type TqH-1 joint. Note the biconcave
articulation between a type A triquetrum and type I hamate. (B) Type TqH-2 joint. Note the

dish shaped articulation between a type B triquetrum and type II hamate.

Figure 4.1 - Longitudinal CT scan of the scaphoid with the wrist held in radial deviation.
From - (Bain et al., 1995).

Figure 4.2 — The target sign. Longitudinal CT scan of the left wrist. The head of the capitate
is between the proximal and distal poles of the scaphoid. It is objective evidence that the scan

is along the longitudinal axis of the scaphoid. From - Bain et al., 1995.

Figure 4.3 - Humpback deformity. Longitudinal CT scan of the right wrist. The proximal
pole of the scaphoid is extended and the distal pole flexed. It produces carpal shortening.
From - Bain, 1999.

Figure 4.4 - Height-to-length ratio. A baseline is drawn along the volar aspect of the
scaphoid. The length of the scaphoid along the baseline is measured, as is the height of the
scaphoid perpendicular to the baseline. The height-to-length ratio is recorded as a percentage.

From - Bain et al., 1998.

Figure 4.5 - Dorsal cortical angle. A line is drawn along the dorsal cortex of the proximal and
distal halves of the scaphoid and the angle between these lines is measured. From - Bain et al.,

1998.

Figure 4.6 - Partial volume averaging. A three-dimension "slice" of tissue is computed to
produce a two-dimensional image. A non union which passes obliquely through a "slice" may
appear united as there is some bone within the slice which will appear on the two-dimensional

image as an incomplete union. From - Bain, 1999.
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Figure 4.7 — Diagram demonstrating a longitudinal CT scan representation of right wrist. Pre-
operative CT scan "template”. The trapezoidal bone graft and screw in situ is useful to
determine the need for a structural bone graft, the preferred fixation screw, and to assess

whether it should be inserted via a volar or dorsal approach. From - Bain, 1999.

Figure 5.1 - Arthroscopic classification of articular changes of Kienbdck’s disease. Grade 0:
All articular surfaces functional but may have synovitis. Grade 1: Non-functional articular
surface in the proximal lunate. Grade 2: A non-functional articular surface of the proximal
lunate and lunate facet. Grade 2b: Non-functional proximal and distal lunate. Grade 3: Non-
functional proximal and distal articular surfaces of the lunate and lunate facets of the radius.

Grade 4: All four surfaces are non-functional. From - Bain et al., 2006.

Figure 5.2 —The intra-articular fragments can be manipulated by 1) the arthroscopic probe, 2)
K-wires introduced into the fragment and 3) intra-focal wires used to buttress the fragment.

From — Mehta et al., 2000.

Figure 5.3 - London Technique. The articular surface is reduced, under arthroscopic vision,
with “joysticks” and the arthroscopic probe. K-wires are advanced through the distal ulnar
and into the subchondral level of the distal radius. The wires are removed from the radial side

of the radius. From — Mehta et al., 2000.

Figure 5.4 - Mini-open volar approaches. Incision on the radial side of the wrist through the
floor of the FCR tendon sheath. Incision on the ulnar side of the wrist was between the long
flexor tendons and the ulnar neurovascular bundle. Retraction of the longitudinal structures
allows the volar aspect of the distal radius to be identified so that K-wires can be advanced

across the distal radius to provide stability.

Figure 5.5 — Arthroscopic view of distal radius fracture with intra-articular step. From — Bain

etal., 1997.

Figure 5.6 — Arthroscopic view of distal radius fracture following reduction of the articular

step. From — Bain et al., 1997.

Figure 5.7 — Arthroscopic view of the mid-carpal joint with probe in scapho-lunate interval to

assess instability as reported by Geissler. From — Bain et al., 1997.
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Figure 5.8 — Cadaveric coronal section of a left wrist with the arthroscopic portal in the STT

joint. Note the close proximity of the radial artery.

Figure 5.9 - Cadaveric specimen demonstrating the dorsal STT portal ulnar to the EPL

tendon. Note the radial nerve and radial artery to the radial side of EPL tendon.

Figure 5.10 - Arthroscopic view of the articular surface of the trapezium and trapezoid, with

the cartilage seen between these 2 bones. From — Ashwood et al., in press.

Figure 5.11 - Arthroscopic debridement of the STT joint with a motorised resector. From —

Ashwood et al., in press.

Figure 5.12a, b — Intra-osseous ganglion. Lateral view of left wrist (A) and AP view of left
wrist (B). CT scan of the lunate demonstrating the exact position of the ganglion and a small

cortical breach from which the ganglion arises. From — Ashwood et al., 2003.

Figure 5.13 — Interligamentous sulcus. Wrist arthroscopic view showing long radiolunate
ligament (LRL) on the left and radioscaphocapitate (RSC) ligament on the right. From — Bain
etal., 1997.

Figure 5.14 - Fluoroscopic confirmation of drill placement into the lunate (small arrow, drill

in cannula; large arrow, arthroscope). From — Ashwood et al., 2003.

Figure 5.15 - Arthroscopic view of a burr in position to perform an arthroscopic debridement

of the prominent ulnar styloid.

Figure 6.1 — Mechanism of injury. A flexing scaphoid with its rotational restraints. The

mechanism of injury is a rotational injury to tear the rotational restraints.
Figure 6.2 - Plain radiograph of type 2 lunate wrist with STT joint degenerative arthritis.

Figure 6.3 - Fluoroscopic images of wrist. Type 1 lunate wrist on the top and type 2 on the
bottom. The left images are in radial deviation, middle in neutral and right in ulnar deviation.
The capito-hamate articulation is co-linear with the luno-triquetral articulation in ulnar
deviation in the type 1 lunate wrist. In contrast, the capito-hamate articulation is co-linear

with the luno-triquetrial articulation in ulnar deviation in the type 2 lunate wrist.

Figure 6.4 — Fetal wrist. A 45mm crown-rump fetal wrist with what appears to be a type 2

lunate, which articulates with the capitate and hamate. From Berger, 1998.
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Figure 6.5 - The dorsal cortical percentile. A baseline is drawn along the volar aspect of the
scaphoid. Perpendicular lines are drawn at the proximal and distal limits of the scaphoid. A
dorsal line completes the box. A line is drawn through the fracture. Where the fracture line
intersects, the dorsal line is identified. The distance from the proximal line to the fracture line
(P) is measured. The distance from the fracture line to the distal line is measured (D). The
dorsal cortical percentile is calculated and recorded as a percentage. (P/P+D). Image from

Michael Smith.

Figure 6.6 — Normal scaphoid bone. Histology of osteocytes can be visualized within the
lacunae. The fatty marrow between the trabeculae is structurally intact and viable. Image from

Chris Carter.

Figure 6.7 - AVN scaphoid. Histology of necrotic scaphoid bone as indicated by empty
lacunae, appositional new bone growth and granulation tissue replacing the marrow. Image

from Chris Carter.

Figure 6.8 — Bridging trabeculi. CT scan with some bridging trabeculae between the proximal

and distal fracture fragments.

Figure 6.9 — Pseudo-arthrosis of the scaphoid. Clearly separate fragments with no bridging

trabeculi. Note increased radio-density of proximal pole.

Figure 6.10 - Fluoroscopic image confirms position of the drill bit, which has been placed

into the lunate under arthroscopic vision.

Figure 6.11 — “Box concept”. The arthroscopic 3D box with the multiple arthroscopic portals
for viewing and instrumentation. This allows therapeutic surgery in any part of the joint.

Image from private file.

Figure 6.12 - Cross-sectional anatomy of the wrist at the level of radial tuberosity with
relationship of major nerves, UN, ulnar nerve; MN, median nerve (just distal to pronator

quadratus). From — Verhellen et al., 2000.

Figure 6.13 - Nylon tape used to retract the extensor tendon off the dorsal capsule. Image

from private file.
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LIST OF VIDEOS

This section provides a list of all of the videos within the thesis. The first number is the
chapter in which the video is referenced. The videos are contained in the CD in the back-

cover of the thesis.

Video 2.1 - Arthroscopy of a patient with a partial deep tear of the TFCC. Note the superficial
surface of the TFC, which provides a suspicion of the diagnosis. This was managed an

arthroscopic debridement of the deep surface of the TFC within the DRUJ.

Video 2.2 - Infiltration of the mid-carpal joint with saline. Leakage of the saline from the 6R
portal is due to leakage of the intracarpal ligaments (scapho-lunate or lunotriquetral

ligaments).

Video 5.1 - Kienbock disease: Wrist arthroscopy view of the left wrist with a soft floating
proximal pole of the lunate with adjacent synovitis. Full thickness cartilage defect of the

lunate facet.

Video 5.2 — Wrist arthroscopy demonstrating a distal radius fracture. The radiocarpal joint is
lavaged and a motorised resector is used to debride the clot and synovitis from the joint. The
articular fragments are manipulated with the arthroscopic probe. In the background, the radial
styloid can be seen to be manipulated with a pre-placed K-wire. Once an anatomic articular
reduction is obtained, the 1.6mm K-wire is advanced into the cortex on the ulnar aspect of the

metaphyseal radius. Further K-wires are used to stabilise the distal radius.

Video 5.3 — Scapho-lunate stabilisation. Arthroscopic view of the mid-carpal joint with

scapho-lunate interval being reduced and stabilised with percutaneous K-wires.

Video 5.4 - STT arthritis. Arthroscopic view of the STT joint with eburnated bone on the
distal aspect of the scaphoid and on the proximal aspect of the trapezium and trapezoid. A

synovectomy of this joint can be performed with the aid of a motorised resector.

Video 5.5 — Inside-out volar radial portal technique: Wissenger rod is introduced through

interligamentous sides to the radial side of FCR tendon.

Video 5.6 - Volar capsular release. Pre-operative range of motion of wrist contracture.
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Video 5.7 - Volar capsular release video. Arthroscopic view showing volar synovitis is
debrided to expose the volar capsule, which is released with cautery. The radial side of the

RSC ligament is preserved to prevent ulnar-translocation.
Video 5.8 - Volar capsular release. Post-release manipulation.

Video 6.1 - Dorsal capsulectomy. Dorsal capsule being excised with the aid of basket forceps.

In the background can be seen the white nylon tape retracting the extensor tendons.

Video 6.2 - Radiocarpal fusion. Bone graft harvested from distal radius and placed into
debrided radiocarpal and mid-carpal joints. Steinman pin advanced from 31 metacarpal into

radius.
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APPENDICES

This section provides a list of all of the appendices within the thesis. The first number is the

chapter in which the appendix is first referenced.

4.1 Protocol for longitudinal computed tomography scan of the scaphoid
4.2 Wrist arthroscopy proforma sheet
4.3 Wrist examination proforma sheet

4.4 Protocol for plain radiographs of the wrist
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Appendix 4.1

CT Scaphoid Protocol

Computerised tomography provides superior resolution for the assessment of pathology of the
scaphoid. Imaging in the longitudinal plain provides a grater appreciation of the “hump back”
deformity (flexion deformity which occurs in the scaphoid following fractures)

TECHNIQUE

Patient Positioning: The patient is placed PRONE on the table with the arm above the head. The
wrist is positioned in RADIAL DEVIATION and neutral flexion (not flexed or extended). No
immobilisation devices are required.

Scanning plane: The FIRST METACARPAL is aligned along the scanning plane and a scout scan
taken. This position approximates the final position. The hand is then REPOSITIONED as required so
that the scanning plane runs along the LONGITUDINAL AXIS of the scaphoid.

Imaging: 1mm cuts are performed. The image printed is magnified so that the scaphoid takes
up the majority of the frame.

The scaphoid can be scanned if a plaster has been applied or if there is metal in-situ. Should there be
any problems please don’t hesitate to call me.

Greg Bain



Patient Id
Operation Date

Diagnosis

Treatment

TFCC

Distal Radius
Lunate Facet

SL

WRIST ARTHROSCOPY

Appendix

[ ]

FINDINGSIN RADIOCARPAL JOINT

[ No Tear

[0 Radial Volar Tear
[ Radial Dorsal Tear
[ Ulnar

[ Carpa

[ Centra

[ Normal
[ Fracture
[ Scuffing

[ No Tear

[ Attenuated

[ Tear from Lunate
[ Tear from Scaphoid
[ Mid Substance Tear

[ No Tear

[ Attenuated

[ Tear from Lunate

[ Tear from Triquetrum
[ Mid Substance Tear

FINDINGSIN MIDCARPAL JOINT
Wrist Arthroscopy 18/10/2007 FileMaker Pro Doc

Pathology

Treatment

Scaphoid Facet

Synovitis

STT Joint

Sagital Ridge

Shape

[ Acute Tear
[ Chronic Tear

[ Debridement
[ Suture PDS
[ Resection of distal ulnar

[ Normal
[ Fracture
[ Scuffing

[ Dorsa
[ Membranous
O Volar

[ Dorsd
[ Membranous
O Volar

O Nil O Midcarpal S-L
[ Generalised [ Midcarpal L-T
[ Radia Styloid [JSTT Joint
OsL [ Other

OL-T

O TFCC

[ Ulnar recess

[ Normal

[ Haemorrhage

[ Ligament Tear

[ Joint Articular Injury

[ 0.0-0.5mm
[J0.5-1.0mm
[J1.0-1.5mm
O > 1.5mm

O Flat

O Inverted V
O Inverted U
[ Peduncul ated

Page 1
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WRIST ARTHROSCOPY ]

S-L findings ‘ ‘Grade

| Step wi

[ Does not admit probe
[ Just admits probe

Treatment [ Nil

. [ Debridement
th 10lb traction C1 Fixation - polished K wires

[ Easily admits probe
[ Can rotate probe

[ Admits scope

L-T findings Grade

| Step wi

[ Does not admit probe

Treatment [ Nil
th 10Ib traction

[ Just admits probe
[ Easily admits probe
[ Can rotate probe

[ Admits scope

OA Radiocarpal [ Normal

OA Midcarpal [ Normal

[ Fixation - Threaded pins
[0 Radial styloidectomy

[ Debridement
[ Fixation - polished K wires
[ Fixation - Threaded pins

[ Scaphoid O Scaphoid
[ Lunate [ Lunate
[ Triquetrum [ Triquetrum
[ Scaphoid facet [ Capitate
[ Lunate facet [0 Hamate
Lunate O Typel
O Type2
Scaphoid O Normal I Nil
O Fracture Treatment [J Kwires
) [0 AO cannulated screw
| Displacement O Herbert Whipple screw
Direction O Threaded pin
Articular Injury [ Nil
O Contusion  gjte Size
[ Cleft Site Size
. Outbridge
Cartilage Removed O Yes ONo 1 Intact Surface - soft or blistered
. 2 Fissuring
Video O Yes ONo 3 Deep fissures/fragmentation
4 Bone/Bone
Comments
Gradel - Attenuation or haemorrahage in RC Joint
No Stepin MC joint
Grade2 - Stepin MCjoint
Will not admit a probe
Grade3 - Step seenin both RC and MC Joints
Admits a probe
Grade4 - Admitaa2-7mm scope

Creation date

Leubovic OCNA Vol 255, (4), 1994, p685-707

Wrist Arthroscopy 18/10/2007 FileMaker Pro Doc
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Appendix
Wrist Questionnaire Page 1
Name Age Hand Dominance O Right O Left O Ambi
Occupation Employer
wrist O Right O Left O Both Date Sex QO <File Missing>
History
| understand that the information obtained may be
used for clinical decision making, disability
assessment and for research.
Signed........cooeeeeiiiiiiieen, Date...........
Do you experience [JPain [ Numbness [JClicking [JCatching [J]Weakness
Pain Level O None QOSlight O Occasional O Severe Astra Pain Level ... 1-100

target O Yes ONo

Please Mark on the diagram the site of pain. Also mark your worst pain with an (X)

Please place an (O) where you feel a click or clunk in your wrist

4.3

Flag
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Wrist Questionnaire

Symptoms

When (onset, time of day)

Page 2

What does it feel like

Does it move or radiate

What makes it worse

What makes it better

LEVEL OF FUNCTION
Are you able to perform the following activities?

ACTIVITY Normal Difficult With Aid Unable
Use your back pocket O Normal | O Difficult [O With Aid [ O Unable
Wipe yourself after toileting O Normal | O Difficult [O With Aid [ O Unable
Wash your opposite underarm O Normal | O Difficult [O With Aid [ O Unable
Eat with a knife and fork O Normal | O Difficult |O With Aid | O Unable
Comb hair O Normal | O Difficult [O With Aid [ O Unable
Rise from a chair O Normal | O Difficult |O With Aid | O Unable
Carry 5-7 kg at your side O Normal | O Difficult [O With Aid [ O Unable
Dress yourself O Normal | O Difficult |O With Aid | O Unable
Pulling O Normal | O Difficult [O With Aid [ O Unable
Throwing O Normal | O Difficult [O With Aid [ O Unable
Are you able to: Yes Lower Level No
Perform work duties O Yes O Lower Level ONo
Perform Recreation O Yes O Lower Level ONo
Have you had any of the following treatments
[ Physio [ Injections [ Surgery
[ Splints [ Anti-inflammatory drugs [] Modification of work practices
Allergies
Major lliness or Surgery
SATISFACTION
Following surgery / treatment only
Are you satified with the state of your wrist? OYes ONo
Make a cross (X) on the line at the point which best describes your level of satisfaction
Number
0 50 100




Deformity

Wrist Questionnaire

Prominent Ulna styloid

Radial Deviation

Dinner-fork

Page 3

Contralateral

Active ROM: (degrees)

Supination
Pronation
Flexion
Extension

Radial Deviation

Ulnar Deviation

Grip (distance - pulp to palm)

Grip strength (kg)

Tip Pinch
Key Pinch
Chuck Pinch
Complications None or minimal -0
Slight crepitation 1-2
Severe crepitation 3-4
Median Nerve compression 1-3
Pulp-palm distance 1cm -3
Pulp-palm distance 2cm -5
Pain in distal radioulnar joint 1-3
Maximum -15
Instability test Watson

Luno triquetral Ballotment
Shuck test

TFC Provocation Test
Mid Carpal

Piano Key test

CMC grind

Finkelstein test




Wrist Questionnaire

Inconguity Grade Step Of
0 0-1 mm
1 1-2 mm
2 2-3 mm
3 >3 mm

Page 4

Contralateral

Arthritis Grade 0

Slight joint-space narrowing
Marked joint-space narrowing osteophyte formation

Bone-on-bone, osteophyte formation Cysts formation

Joint Space

Normal
Decreased

Not apparent

Lateral Alignment

<20° dorsal tilt

> 20° dorsal tilt

Neurological Signs

Diagnosis

Roos
Radial tunnel - Tinels

Cubital tunnel -Tinels

Cubital tunnel Flexion pressure test
Carpal tunnel -Tinels

Carpal tunnel - Flexion pressure test
Carpal tunnel - Phalens

Carpal tunnel - reverse Phalens
Guyon's canal - Tinels

Strength of thumb abduction

Strength of finger abduction

Treatment

Functional Scoring System modified from Gartland & Werley. JBJS. 33A 895-907, 1951

Solgaard Aetor. Orthop Scand 59)1) 39-43 1988
Knirk & Jupiter. JBJS 68A 647-659

Flag



Appendix 4.4

Protocol for Plain Radiography of the Wrist

Disorders of the wrist can be difficult to diagnose with routine plain radiography. This series of
radiographs is aimed to improve the chance of diagnosis of scaphoid fractures and scapholunate
instability and also allow a standardised reproducible assessment of ulna variance. These patients can
be billed for radiographs of the wrist and scaphoid.

TECHNIQUE

Patients should be seated adjacent to the x-ray table, with the shoulder abducted to 90°. The wrist is
placed in a neutral position with regard to supination, pronation, flexion, extension, radial deviation
and ulna deviation. The following images are obtained, with the beam centred on the wrist.

1.

PA wrist: with the wrist in neutral pronation/supination the ulnar and radial styloids are
maximally separated.

PA /CF: clenched fist separates the scapholunate interval. Keep patient in contact with the film
— keep wrist straight i.e. 3 metacarpal inline with the radius.

PA UD: PA with ulnar deviation of wrist. This opens the scapholunate interval projection.

PA 30°: PA with the tube tilted 30° towards the elbow. This projection will elongate the
scaphoid which helps to demonstrate fractures of the scaphoid.

S-L view: PA radiograph with a 10° block under the ulna side of the wrist to profile the
scapholunate joint. If a 10° sponge is not available then the tube can be tilted 10° so that the
beam passes from ulna to radius.

PA OBL with UD 45° semi-pronated PA with ulnar deviation.

True lateral of the wrist. The x-ray tube is adjusted to a cross table position. The wrist stays in
the same position except a sponge is placed under the wrist. It is important that the wrist be in a
neutral position and not flexed or extended. Aim to get the carpal bones lateral. Metacarpals
should be inline with the radius.

If the patient is unable to abduct the shoulder 90° the arm should be placed at the patients side with the
elbow at 90° and the wrist in the neutral position. The radiographs are then performed using a cross
table technique for all PA views.

Please call me if there are any problems 8361 8399

Greg Bain
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