Arthroscopic Anatomy and Lesions
of the Extrinsic Ligaments

L. Van Overstraeten

1 Introduction

The anatomy of the extrinsic ligaments of the wrist is quite complex as is the under-
standing of their kinematics involved in wrist stabilization [6-8, 15, 23-25].

Arthroscopy has allowed a different approach to these extrinsic ligaments com-
pared to conventional diagnostic methods. The morphological study remains
restricted to the intraarticular zones but may be complemented by specific and pre-
cise testing of each ligament group.

2 Arthroscopic Anatomy of Extrinsic Ligaments

To facilitate understanding, we have distinguished three groups of extrinsic
ligaments:

* Anterior proximal carpal plane: RSC — RLT (LRL, SRL) - RSL — UL - UT
* Anterior midcarpal plane: STq — SC — ST — CTz — TqC
* Dorsal plane: DRC — DIC

Each group is assessed through a certain arthroscopic approach with a possible
specific approach that may be needed.

Only the anterior proximal plane of carpal ligaments is accessible to direct
arthroscopic vision.
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Even if the arthroscope can only examine the intraarticular portion of these
extrinsic ligaments, the data collected can be used to assess the stability of the wrist
and orient the choice of technique for potential surgical repair.

3 The Anterior Proximal Carpal Plane

It is composed of two subgroups, the radiocarpal and ulnocarpal, and is explored
essentially through dorsal radiocarpal portals.

The classic portals 3—4 and 4-5 allow direct visualization of the scapholunate
and lunotriquetral interosseous ligaments. They also give access to the intraarticular
portions of the extrinsic ligaments of the anterior radiocarpal and ulnocarpal planes
[28-30]. The SRL, UL and UT can also be approached.

3.1 The Anterior Radiocarpal Plane

The radioscaphocapitate ligament (RSC) is a large strong ligament which inserts
onto the radial styloid and is directed radially and obliquely towards the capitate. It
runs along the proximal half of the scaphoid where it inserts at the level of the waist
distal to the tubercle [19] and is fixed distally on the palmar tubercle of the capitate
(Fig. 1) [22]. According to Berger, only 10 % of the fibres insert into the capitate
[19]. The RSC is intimately related to the distal fibres of the lunocapitate (LC) and
the palmar scaphotriquetral (STP) ligaments [19]. The RSC crosses two articular
chambers (radiocarpal and midcarpal). Its role is to ‘fix’ the scaphoid preventing
dorsal tilting of its proximal pole. In ulnar deviation, it helps the verticalization of
the scaphoid acting as a secondary stabilizer of the scapholunate complex [11], and
its injury may be the cause of scaphoid instability with DISI and scapholunate dia-
stasis [12].

On arthroscopic examination of the radiocarpal joint, the RSC is most radial
(Fig. 2). Its fibres are obliquely oriented from radial to ulnar, and it is separated from
its neighbouring radiolunotriquetral by a hiatus — the interligamentary sulcus which
allows testing of both ligaments using the hook palpation (Fig. 3).

The radiolunotriquetral ligament (RLT) is also very strong and usually com-
posed of two bands: the long radiolunate (LRL) radially and the short radiolunate
(inconstant) (SRL) separated by the radioscapholunate (Fig. 1). It is almost parallel
to the RSC and usually divided into two parts: a proximal purely radiolunate half
and the distal palmar lunotriquetral. The SRL fibres cross with those of the
ulnotriquetral.

It traces a proximal inverted ‘V’ with the anterior ulnocarpal where the apex of
the V represents the triquetral and lunate insertions.

It forms the palmar part of the triquetral sling [21] and contributes to the stabili-
zation of the lunate, preventing its dorsal flexion and palmar translation. It prevents
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Fig. 1 The plane of extrinsic wrist ligaments, (a) palmar and (b) dorsal views. 4 Scaphotriquetral
ligament, 5 Radioscaphocapitate ligament, /5 dorsal radiocarpal ligament, /6 dorsal intercarpal
ligament, /7 annular anterior carpal ligament, /8 long radiolunate ligament

Fig. 2 Arthroscopic view of the radiocarpal
interval left wrist. Right to left: RSC ligament,
interligamentary sulcus and RLT ligament

the ulnar translation of the carpus, and its injury destabilizes the perilunate region.
On arthroscopic assessment, the radiolunotriquetral ligament RLT is the ulnar
neighbour of the RSC. It links the anterior border of the scaphoid fossa of the radius
to the triquetrum, and its fibres are more oblique than those of the RSC (Fig. 2). On
its way, it also inserts onto the anterior horn of the lunate.

The radioscapholunate ligament (RSL) or ligament of Testut is quite a lax fibrous
structure (Fig. 4). According to Berger, ‘the RSL ligament is not a real ligament in
the biomechanical or the histological sense of the term’. It can be considered as a



122 L. Van Overstraeten

Fig. 3 Arthroscopic view of the left radiocarpal
interval. Probing RLT (which is lax stage 2).
Probe is in the interligamentary sulcus.
Hemorrhagic synovitis in the radial part of the
RSC ligament

Fig. 4 The plane of extrinsic and intrinsic wrist ligaments, (a) palmar and (b) dorsal views.
1 Scapholunate, 2 radioscapholunate, 3 lunotriquetral, 6 scaphotrapezial, 7 scaphocapitate,
8 triquetrohamatocapitate, 9 capitotrapezial, /0 capitotrapezoidal, /1 capitohamatal, /2 short radi-
olunate, /3 ulnolunate, /4 ulnotriquetral

mesocapsule. It contains terminal branches of the anterior interosseous nerve and
rami from the radial arcade [19, 20].

It serves as an arthroscopic landmark for the scapholunate ligament which is
sometimes difficult to identify without probing which depresses it (Fig. 4). It is
characterized by its vertical fibres which extend along the scapholunate crest of the
radius. It is the most superficial from the scope and can sometimes obscure the ante-
rior part of the radiocarpal joint like a veil (Fig. 5).

It is more lax than the previous ligaments and feels always more so on probe
palpation.
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Fig. 5 Arthroscopic view of the right
radiocarpal interval. Left to right: LRTL
(long radiotriquetral) and hemorrhagic
synovitis on the RSL ligament

Fig. 6 Arthroscopic view of the left ulnocarpal
interval: 3 years after shortening osteotomy
described by Milch, ‘scarring’ chondritis
triquetrum. Ulnocarpal ligaments stretched
with no clear separation between the UT

and the UL

3.2 The Anterior Ulnocarpal Plane

This is formed by the RLT ligament, the proximal palmar ‘“V’ ligament (Fig. 1),
which is formed of the ulnolunate UL and lunotriquetral LT ligaments. It inserts
on the proximal part of the anterior portion of the TFCC and the ulnar styloid. It
contributes to the stabilization of the lunotriquetral complex and TFCC tension.
The ulnolunate ligament may sometimes share fibres with the short RL
ligament.

Ulnarly, the anterior floor is composed of less distinctly individualized ligaments
(Fig. 6). The difference in obliquity distinguishes between the UL and UT ligaments
which appear to be intimately attached to the TFCC and represent an extension of
this structure. They are also palpated by the probe.
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4 The Anterior Midcarpal Plane
and the Scaphotrapeziotrapezoid Complex

The anterior midcarpal plane is formed of a combination of extrinsic and intrinsic
ligaments. It includes the distal part of the RSC ligament; the intraarticular midcar-
pal part of the RSC forming the distal palmar “V’ is visible through the standard
arthroscopic portals.

Thus, the RMC and UMC classic midcarpal portals give direct access to the
intraarticular part of the RSC and TC ligaments.

The midcarpal part of the radioscaphocapitate ligament is easily identified
(Fig. 7) by the same obliquity of fibres as its radiocarpal portion. It is easily acces-
sible to the probe.

The anterior midcarpal plane also includes the triquetrocapitate TC (Fig. 4) and
the palmar scaphotriquetral STP (Fig. 1) ligaments.

The TC extends from the distal radial angle of the triquetrum to the ulnar cortex
of the capitate [19]. It forms the distal and ulnar part of the palmar midcarpal ‘V’
and is the palmar ulnar stabilizer of the midcarpal joint. On arthroscopic examina-
tion, it is discernible from the RSC by the inverted obliquity of its fibres.

Described in 1994, the STP ligament prevents scaphotriquetral palmar dissocia-
tion and thus indirectly scapholunate dissociation. It probably supports the head of
the capitate during wrist extension [20]. It is extraarticular and inaccessible to
arthroscopic examination.

The anterior midcarpal plane also includes the scaphotrapeziotrapezoid com-
plex. It is strictly palmar and is composed of three distinct exclusively intrinsic
structures: the palmar scaphotrapezial ligament (STz) and radially a scaphocapitate
ligament (SC) and a capitotrapezoid ligament (CTzo) distal to the scaphoid (Fig. 4).
The STz ligament seems to act as a secondary stabilizer to the scapholunate com-
plex along with the RSC and the dorsal intercarpal ligament (DIC) [11-13]. The two
ligaments materialize the flexion-extension axis of the scaphoid (Fig. 8). This axis

Fig. 7 Arthroscopic view of the right midcarpal
interval: stage 1 laxity of the midcarpal portion
of the RSC
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Fig. 8 Plate of extrinsic wrist ligaments: the
scaphotrapezial STz and scaphocapitate SC
tracethe axis of flexion-extension of the
scaphoid

Fig. 9 Arthroscopic view of left midcarpal
interval. Scope through RMC, probe through
MC 1-3. Enlarged distal scaphocapitate interval
allowing palpation of SC ligament

passes through the waist of the capitate [16, 17]. The SC ligament is also an impor-
tant stabilizer of the scaphoid [19].

The SC ligament is accessible only when the distal scaphocapitate interval is
open, i.e., in a pathological situation of instability (Fig. 9).

The CTz ligament is inaccessible to arthroscopic examination, and the STz is not
accessible through the dorsal midcarpal ptortals. It is possible to introduce the probe
through an MC 1-3 portal in the distal anatomical snuffbox taking care to avoid the dorsal
recurrent branch of the radial artery. Recently, we use standard portals (scope through
RMC and probe through MC). The probe crosses up the scope into the midcarpal joint
and goes to palpate the STz ligament in the STT joint. The scope is slid through the MCR
along the scaphoid to visualize the scaphotrapeziotrapezoid junction.
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5 The Dorsal Plane

The dorsal plane is formed by two ligaments forming a sloping ‘V’ open radially
with the point inserted on the triquetrum. Viegas describes it as a radioscaphoid
ligament which relays on the triquetrum [4]. It is distinguished by the constant ten-
sion of its branches whatever the opening angle of the ‘V’ and whatever the move-
ment of the wrist (in the sagittal or the frontal plane). Thus, in ulnar inclination, the
‘V’ opens and the dorsal ligament plane participates in the verticalization of the
scaphoid, while the triquetrum passes under the hamate (Fig. 10) [26].

The dorsal radiocarpal ligament (DRC) unites the radius and the triquetrum and
inserts on the lunate (Fig. 1). It forms the dorsal component of the Khulman’s sling
[21] and is a secondary stabilizer of the carpus [12, 13]. A lesion here is as destabiliz-
ing to the carpus as a lesion of the palmar bands of the scaphocapitate and scaphotra-
pezial ligaments [13]. It is ruptured in 50 % of cases of carpal instability usually
associated with scapholunate ligament injury but may also be a solo ligament injury
[27]. The pain occurs more rapidly with the existence of associated lesions.

The ceiling of the joint space may only be visualized through lateral portals 1-2
and 6U. Care should be taken with approaches through these portals to protect the
dorsal sensory branch of the ulnar nerve as well as the radial artery. The dorsal syn-
ovium is thick and its folds often obscure the dorsal ligaments. However, careful
probing through 3—4 and 4-5 portals — across the synovium — gives a fair apprecia-
tion of the tension of the dorsal radiocarpal ligament.

The dorsal intercarpal ligament (DIC) unites the triquetrum and distal scaphoid
sometimes extending onto the trapezium and trapezoid [5, 33] (Fig. 1). It is the 3rd
secondary stabilizer of the carpus [13, 18].

Fig. 10 Plate of extrinsic dorsal wrist ligaments: the “V’ opens in ulnar inclination
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Fig. 11 Arthroscopic view of left
midcarpal interval. Scope through MC 1-3,
probe through RMC. After synovial
débridement using a shaver, the dorsal
intercarpal DIC ligament is palpated

The DIC ligament may be seen through MC 1-3 and palpated through UMC; it is
likewise possible to estimate the tension of the dorsal intercarpal ligament (Fig. 11).

6 Pathologic Arthroscopy of the Extrinsics

6.1 Genesis of Perilunate Dissociative Instability: Nebulous?
Biokinematic and Pathologic Hypothesis

Most authors appear to accept that responsibility for dissociative scapholunate or
lunotriquetral is shared by intrinsic and extrinsic ligaments [2, 3, 4, 11, 12, 14, 23-25].
The majority of authors also agree on the primacy of the scapholunate and lunotrique-
tral ligament lesions as essential for carpal destabilization [1, 11-13].

In the analysis of scapholunate dissociative instability, some consider that in
addition to the interosseous ligament, the proximal palmar ligament is essentially
involved. Others have incriminated essentially the distal extrinsics or the scaphotra-
peziotrapezoid complex [31, 32].

Short et al. consider that the scapholunate ligament is the principal stabilizer of the
scapholunate complex, and the extrinsics RSC, DIC and STz are secondary stabilizers
[11-13]. For them, the carpus destabilizes progressively under phasic stresses [9, 10].

We propose the following biokinematic theory. The scapholunate complex is stabi-
lized by the scapholunate ligament which is the fundamental intrinsic restrain and also
by three extrinsic locks: the distal (STz, CTz, SC), the palmar proximal radial (RSC)
and the dorsal (DIC) ligaments. For the stability of the complex to be preserved, the
scapholunate ligament as well as two of the three restrains must be intact. If the sca-
pholunate ligament is completely ruptured (Dautel 3; Geissler 4), dissociative instabil-
ity is clear. We have never witnessed isolated scapholunate ligament rupture without
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associated extrinsic laxity. If the scapholunate ligament is partially ruptured (Dautel 1
or 2; Geissler 3) and one extrinsic restrain is loosened, the instability process has begun
and — without treatment — will inevitably progress to adaptative decompensation.

In the management of an acute sprain (more recent than 6 weeks) we must verify
the integrity of these three restrains and systematically repair all partial SL lesions
(Dautel 1), when associated with a lesion of at least one extrinsic restrain. It is also
necessary in the control of a chronic prearthritic dissociative lesion to assess the
state of these three extrinsic locks which will modulate our choice of technique.
This will substitute for the broken restrain.

In lunotriquetral dissociative instability, the role of the lunotriquetral interosseous
ligament seems fundamental [10], and this interval is systematically tested in our
protocol.

As for extrinsics, their responsibility seems even more complex than in scapholu-
nate instability. We test the palmar and dorsal (RLT and DRC) planes of the Khulman’s
sling and the palmar ulnocarpal (UT) and the DIC ligaments. We have never wit-
nessed frank lunotriquetral instability (combining Dautel 2 with triquetral hypermo-
bility and marginal chondritis of the lunotriquetral interval and the tip of the hamate)
without laxity of the components of the triquetral sling. Up to now, we do not modu-
late the technique of management of instability to any such extrinsic ligament lesion.

7 Approach to Extrinsics

The arthroscopic approach to the extrinsics involves both modalities of assessment:
direct vision inspection and testing by probing. Analysis is completed by clinical
examination using special tests such as Watson and interosseous ballottement,
intraarticular interosseous gaping and hypermobility of the bones.

7.1 Direct Vision Inspection

Radiocarpal through portals 3—4, 4-5, 6U and 1-2 (RSC — LRL — RSL — (SRL
inconstant) — UL — UT)
Midcarpal through portals MC 1-3, RMC, UMC, RSC and TC

7.2  Probe Palpation Assessment

For lesions of the extrinsic ligaments in the proximal palmar plane, we propose the
following staging:

e Stage 0: Perfect tension: harp string effect.
e Stage 1: Ligament laxity: possible mobility, corresponding to the thickness of the
probe 1 mm (Fig. 10).
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» Stage 2: Partial ligament degeneration as seen by fibrillary appearance, thinning
and blurred edges.

e Stage 3: Complete disappearance of the extrinsic ligament, only remnants may
be seen.

This testing may be applied to the distal palmar plane (the scaphotrapezotrape-
zoidal complex) where only the scaphotrapezial STz ligament can be tested,
since — as previously mentioned — the CTz and SC are only accessible in pathologi-
cal situations.

The palmar plane assessment is completed by probing of the distal scaphocapi-
tate interval. We propose extending the Dautel scapholunate staging [28-30] to the
distal scaphocapitate interval (Fig. 11).

We consider stage 2 (easy probe penetration and opening of the interval by tor-
sion) and 3 (spontaneously open interval) to signify a severe lesion of the extrinsic
lock, the distal scapholunate.

This testing may be applied to the dorsal plane. It is difficult and needs the use of
special portals 1-2, 6U and MC 1-3. It is sometimes necessary to debride the bulky
dorsal synovium using the shaver to optimize palpation under visual control. It is
also sometimes necessary to use the second probe.

8 Other Arthroscopic Signs of Instability

In recent trauma, hemorrhagic synovitis pigments the stretched extrinsic ligament
and is an indicator of the lesion in arthroscopy [34].

Hypermobility of one of the proximal carpal bones, better visualized through the
midcarpal, is a better sign especially if the interosseous ligament testing is equivocal.

Chondritis of the borders of the scapholunate or lunotriquetral intervals is a sign
of an old instability [34].

Watson’s test and interosseous ballottement are of anecdotal importance.

9 Conclusion

The extrinsic ligaments — intimately related to the intrinsics — seem to play a role
much more significant than that originally described in the genesis of perilunate
dissociative instability.

Arthroscopy allows a descriptive and kinematic study of wrist ligament pathol-
ogy. It presents an inevitable stage in the assessment of wrist instability.

We systematically assess the extrinsic locks through a lateral approach (portals
1-2, 6U, MC 1-3) to complete the classical examination.

We propose a staging for extrinsic lesions and an application of the Dautel stag-
ing to the distal scaphocapitate interval.
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We propose the hypothesis that SL dissociative instability is due to SL ligament

lesion associated with a lesion of at least one of the three extrinsic locks.

We think that the extrinsic locks’ lesion should modulate the choice of technique

for treatment of chronic scapholunate instability.

References

0o =

10.

11.

13.

14.

16.

17.

19.

20.

21.

. Mayfield JK (1984) Pattern of injury to carpal ligaments. Clin Orthop Relat Res 187:36-42
. Berger RA (1999) Constraint and material properties of the subregions of the scapholunate

interosseous ligament. J] Hand Surg Am 24:953-962

. Berger RA, Linscheid RL (1998) Lunotriquetral properties: a comparison of three anatomic

subregions. J] Hand Surg Am 23:425-431

. Viegas SF (1999) The dorsal ligaments of the wrist: anatomy, mechanical properties and func-

tion. J Hand Surg Am 24:456-468

. Viegas SF (2004) The role of the dorsal intercarpal ligament in dynamic and static scapholu-

nate instability. J Hand Surg Am 29:279-288

. Camus EJ, Dumontier C (2006) A quoi sert la biomécanique du carpe ? Face a face. Paris 57th

meeting of French Hand Surgery Society

. Camus (2004) Biomécanique du scaphoide. In: Lussiez, Rizzo, Lebreton (eds.) Le scaphoide.

Sauramps Paris, pp 45-54

. Oberlin C (1990) Les instabilités et désaxations du carpe. Bases anatomiques Etude clinique et

radiologique. Conférence d’enseignement SOFCOT 38:235-50

. Short WH (2002) The effect of sectioning the dorsal radiocarpal ligament and insertion of a

pressure sensor into the radiocarpal joint on scaphoid and Lunate kinematics. J] Hand Surg Am
27:68-76

Cooney WP, An KN, Linscheid RL, Berger RA (1998) The lunotriquetral joint: kinematic
effects of sequential ligament sectioning, ligament repair, and arthrodesis. J Hand Surg Am
23:432-445

Short WH, Werner FW (2002) Biomechanical evaluation of ligamentous stabilizers of the
scaphoid and lunate. J Hand Surg Am 27:991-1002

. Short WH, Werner FW (2005) Biomechanical evaluation of ligamentous stabilizers of the

scaphoid and lunate. ] Hand Surg Am 30:24-34

Short WH, Werner FW (2007) Biomechanical evaluation of ligamentous stabilizers of the
scaphoid and lunate. J Hand Surg Am 32:297¢1-297¢18

Short WH, Werner FW (1995) A dynamic biomechanical study of scapholunate ligament sec-
tioning. J Hand Surg Am 20:986-999

. Ishiko T, Puttlitz CM, Lotz JC, Diao E (2003) Scaphoid kinematic behavior after division of

the transverse carpal ligament. J Hand Surg Am 28:267-271

Moritomo H, Viegas SF, Patterson RM, Da Silva MF, Nakamura K (2000) The scaphotrapezio-
trapezoidal joint. Part 1: an anatomic and radiographic study. J Hand Surg Am 25:899-910
Moritomo H, Viegas SF, Patterson RM, Da Silva MF, Nakamura K (2000) The scaphotrapezio-
trapezoidal joint. Part 2: kinematic study. J Hand Surg Am 25:911-920

. Viegas SF, Patterson RM (2005) Three-dimensional description of ligamentous attachments

around the lunate. ] Hand Surg Am 30:685-672

Berger RA (2001) The anatomy of the ligaments of the wrist and distal radioulnar joints. Clin
Orthop Relat Res 383:32-40

Sennwald GR, Zdravlovic V, Oberlin C (1994) The anatomy of the palmar scaphotriquetral
ligament. J Bone Joint Surg Br 76:147-149

Kuhlman JN (2002) La stabilité et les instabilité radio- et médio-carpienne. Montpellier:
Sauramps Médical



Arthroscopic Anatomy and Lesions of the Extrinsic Ligaments 131

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

Oberlin C (1990) Les instabilités et désaxations du carpe. Bases anatomiques. Etude clinique
et radiologique Conférence d’enseignement de la SOFCOT, Paris 38:235-250

Larsen CF, Amadio PC, Gilula LA (1995) Analysis of carpal instability: 1. Description of the
schema. J Hand Surg Am 20:757-764

Larsen CF, Amadio PC, Gilula LA (1995) Analysis of carpal instability: 2. Clinical applica-
tions. J Hand Surg Am 20:765-776

Trial IA, Stanley JK, Hayton MJ (2007) Twenty questions on carpal instability. ] Hand Surg
Eur Vol 32(3):240-255

Camus Emmanuel J (2009) MD Biomécanique du carpe. Application aux lésions ligamen-
taires. Congres franco-belge, Tournai

Slutsky DJ (2008) The incidence of dorsal radiocarpal ligament tears in patients having diag-
nostic wrist arthroscopy for wrist pain. J] Hand Surg 33A:332-334

Dreant N, Dautel G (2003) Development of a arthroscopic severity score for scapholunate
instability. Chir Main 22(2):90-94

Dautel G (2009) Arthroscopie normale du poignet. Congres franco-belge, Tournai

Dautel G, Deletang F (2009) Application de ’arthroscopie a 1’étude des ligaments intrin-
seques. Congres franco-belge, Tournai

Drewniany JJ, Palmer AK, Flatt AE (1985) The scaphotrapezial ligament complex: an ana-
tomic and biomechanical study. J Hand Surg 10A:493-497

Jantea CL, An KN, Lindscheid RL, Cooney WP (1994) The role of the scapho-trapezial-trap-
ezoidal ligament complex on scaphoid kinematics. In: Schuind F (ed) Advances in the biome-
chanics of the hand and wrist. Plenum Press, New York, pp 345-361

Elsaidi GA, Ruch DS, Kuzma GR, Smith BP (2004) Dorsal wrist ligament insertions stabilize
the scapholunate interval: cadaver study. Clin Orthop Relat Res 425:152-157

Van Overtsraeten L (2009) Criteres arthroscopiques de datation du traumatisme Congres
franco-belge, Tournai



	Arthroscopic Anatomy and Lesions of the Extrinsic Ligaments
	1 Introduction
	2 Arthroscopic Anatomy of Extrinsic Ligaments
	3 The Anterior Proximal Carpal Plane
	3.1 The Anterior Radiocarpal Plane
	3.2 The Anterior Ulnocarpal Plane

	4 The Anterior Midcarpal Plane and the Scaphotrapeziotrapezoid Complex
	5 The Dorsal Plane
	6 Pathologic Arthroscopy of the Extrinsics
	6.1 Genesis of Perilunate Dissociative Instability: Nebulous? Biokinematic and Pathologic Hypothesis

	7 Approach to Extrinsics
	7.1 Direct Vision Inspection
	7.2 Probe Palpation Assessment

	8 Other Arthroscopic Signs of Instability
	9 Conclusion
	References


