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SUMMARY

The wrist function is to position the hand optimally for specific tasks. To do so, the wrist must have a large

arc of motion while maintaining its stability. The traditional row theory, and the columnar theory were develo -

ped to explain how the columns and rows affect wrist motion and stability. The paper discuses normal and

pathologic interaction between carpal bones and their position. All kinds of wrist instability are precisely

described. The article summarizes with some possibilities of treatment.
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BACKGROUND

The func tion of the wrist is to po si tion the hand

opti mal ly for spe ci fic ta sks. To do so, the wrist must

ha ve a lar ge arc of mo tion whi le ma in ta ining its sta -

bi li ty. Hip and sho ul der jo ints ha ve lar ge arcs of mo -

tion, which are per mit ted by the ir fun da men tal de sign

as ball and soc ket jo ints; the ir sta bi li ty is ma in ta ined

by the lar ge mu sc les sur ro un ding them. The wrist

can not uti li ze this stra te gy be cau se it wo uld be co me

too bul ky to func tion pro per ly. Al ter na ti ve ly, the

wrist ma in ta ins mo bi li ty and sta bi li ty thro ugh mul ti -

-lin ked rows. Tho ugh each link in a row has a small

ran ge of mo tion, the wrist func tions thro ugh the cu -

mu la ti ve mo bi li ty of the as sem bled links. The links,

ho we ver, de cre ase wrist sta bi li ty so me what be cau se

the le vel of in sta bi li ty of each link is al so cu mu la ted.

To over co me this, the wrist is de si gned not on ly in

mul ti -lin ked rows, but in co lumns of the se rows. An

et al. com pa red the wrist with a Ru bik's cu be, which

al so has rows and co lumns [1]. 

The tra di tio nal row the ory, and the co lum nar the -

ory, which was first pro po sed by Na var ro then mo di -

fied by Ta le isnik we re de ve lo ped to expla in how the

co lumns and rows af fect wrist mo tion and sta bi li ty

[2,3,4,5,6,7,8,9,10]. The sca pho id, which con nects

the pro xi mal and di stal rows, ma kes car pal ki ne ma -

tics and ki ne tics mo re com plex. Lin sche id and Do -

byns in tro du ced the sli der -crank me cha nism of the

sca pho id to expla in its ro le [11]. Licht man et al. la ter

pro po sed the ring con cept whe re the pro xi mal and di -

stal rows are con nec ted with ra dial mo bi le and ulnar

ro ta to ry links [12]. Cra igen and Stan ley ob se rved that

the re are two kinds of pe ople: one who se sca pho id

stays ver ti cal and trans la tes thro ugh ra dio ul nar de via -

tion and the other who se sca pho id fle xes with ulnar

de via tion [13]. Thus, they felt that car pal ki ne ma tics

co ve red a spec trum from the row the ory to the co -

lumn the ory. They re por ted that wo men we re more li -

ke ly to ha ve co lumn ty pe wri sts. Each the ory has me -

rit in expla ining cer ta in mo tions or cer ta in sta bi li -

ty/in sta bi li ty pat terns. Ho w e ver, no ne ful ly expla ins

wrist jo int me cha nics.

The se nior au thor (JR) and his col le agu es stu died

three -di men sio nal car pal ro ta tion an gles du ring nor -

mal wrist mo tion un der phy sio lo gic con di tions [14,

15]. The stu dy re ve aled that the di stal car pal bo nes

mo ve as a sin gle ki ne ma tic unit. Du ring wrist fle xion/

exten sion, the sca pho id mo ved in de pen dent of the lu -

na te and tri qu etrum, and du ring wrist de via tion, the

tri qu etrum mo ved in de pen den tly. Thus, wrist mo tion

se ems to be com pri sed of fo ur ki ne ma tic units: the

sca pho id, lu na te, tri qu etrum, and the di stal car pal

row. The au thors pro po se this 'Fo ur Unit Con cept' to

de scri be car pal ki ne ma tics or in sta bi li ties, in ste ad of

rows, co lumns, or a ring [16].

Nor mal (Sta ble) Wrist

As de scri bed in the 'Fo ur Unit Con cept' abo ve,

ve ry lit tle mo ve ment oc curs be twe en the di stal car pal

bo nes (Fig. 1). The pro xi mal car pal bo nes, on the

other hand, do exhi bit in de pen dent mo ve ment. De -

spi te this in de pen dent mo ve ment, the sca pho id, lu na -

te, and tri qu etrum are con nec ted via vo lar and dor sal

in trin sic and extrin sic li ga ments. This expla ins the

co or di na ted mo tion of the sca pho id, lu na te and tri -

que trum. The pi si form is the on ly car pal bo ne with

a ten don in ser tion (the fle xor car pi ulna ris).

The wrist is nor mal ly in equ ili brium. The he ad of the

ca pi ta te is the po int aro und which fle xion, exten sion, ra -

dial de via tion and ulnar de via tion oc curs. The lu na te,

just pro xi mal to the ca pi ta te, acts as an in no cent by stan -

der. The sca pho id sits wi thin the sca pho id fos sa of the

di stal ra dius and is in a „tug of war” the tri qu etrum. 

The sca pho lu na te (SLIL) and lu no tri qu etral (LTIL)

in te ros se ous li ga ments uni fy the mo tions of pro xi mal

car pal bo nes whi le each of them pulls in op po si te di -

rec tions. The sca pho lu na te (SL) li ga ment is stron gest

dor sal ly, which gi ves it a me cha ni cal ad van ta ge to

pull the lu na te in to fle xion; the lu no tri qu etrial (LT) li -

ga ment is stron gest vo lar ly, gi ving it a me cha ni cal

ad van ta ge to pull the lu na te in to exten sion [17,18,19].
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Fig. 1. The 'four unit concept', derived from a carpal kine-

matic study that showed the distal carpal bones moved as

a single unit while the scaphoid, lunate, and triquetrum

moved independently. It is proposed that this concept be

used in describing normal or pathokinematics of the

wrist, as well as stability and instability of the wrist.
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In or der to mo re easi ly expla in wrist in sta bi li ties,

we will set a few gro und ru les of the nor mal wrist:

Ru le 1: When the wrist is lo aded, the sca pho id al -

ways wants to flex. The sca pho id lies ob li qu ely (ave -

ra ge an gle of 47 de gre es) to the long axis of the wrist.

This ob li qu ity pro du ces for ce co upling. In other

words, the di stal for ce and the pro xi mal for ce are

from op po si te di rec tions but not col li ne ar. This for ce

co upling ma kes the sca pho id flex un der lo ad (Fig. 2).

Ru le 2: When the wrist is lo aded, the lu na te

wants to extend. The nar ro wer dor sal po le of the lu -

na te, pal mar tilt of the lu na te fos sa, small for ce co -

upling, and the pau ci ty of the dor sal cap su le are the

re asons why the lu na te extends un der lo ad.

Ru le 3: When the wrist is lo aded, the tri qu etrum

wants to extend. The spi ral ar ti cu la tion with the ha -

ma te is re spon si ble for the ten den cy of the tri qu etrum

to extend un der lo ad.

Ru le 4: When in ter ca la ted seg ments lo se sta bi li ty

and col lap se, the seg ments col lap se in a zig zag pat -

tern. Pro xi mal car pal bo nes are often re fer red as in -

ter ca la ted seg ments be cau se the re is no mo tor (mu sc le

ten don unit) at ta ched to them and the ir mo ve ment is

con trol led by sur ro un ding geo me try and re stra ining

struc tu res li ke li ga ments (Fig. 3).

Sca pho lu na te In sta bi li ty (DI SI)

If the SLIL is di srup ted, the sca pho id can flex fre -

ely [ru le 1] and the tri qu etrum and lu na te extend ab -

nor mal ly [ru les 2 & 3]. The ca pi ta te then fle xes re la -

ti ve to the exten ded lu na te fol lo wing ru le 4. This

com bi na tion of the fle xed sca pho id; exten ded lu na te

and tri qu etrum; and fle xed ca pi ta te is re fer red as the

DI SI (dor sal in ter ca la ted seg ment in sta bi li ty) de for -

mi ty be cau se the lu na te – re pre sen ta ti ve of the in ter ca -

la ted seg ment – is in exten sion (dor si fle xion) (Fig. 4). 

SLIL di srup tion often re sults in a gap be twe en the

sca pho id and lu na te. When this gap is shown in an

AP x -ray it is com mon ly de scri bed as the Ter ry Tho -

mas sign be cau se it re sem bles a gap be twe en the

front te eth of the Bri tish co me dian.

Lu no tri qu etral In sta bi li ty (VI SI)

On the other hand, if the LT li ga ment is di srup ted,

the sca pho id pulls the lu na te in to fle xion be cau se ru -

le 1 over ru les ru le 2, whi le the tri qu etrum alo ne go es

in to an exten ded po si tion [ru le 3]. The ca pi ta te extends
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Fig. 2. Because of force coupling on the scaphoid, the scaphoid always flexes under load

Fig. 3. Carpal bones fall in a zigzag pattern when they

lose stability just as train cars, which are another example

of intercalated segments, do when they have an accident
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re la ti ve to the fle xed lu na te fol lo wing ru le 4. This com -

bi na tion of the fle xed sca pho id and lu na te; exten ded

tri qu etrum; and exten ded ca pi ta te is re fer red as the VI -

SI (vo lar in ter ca la ted seg ment in sta bi li ty) de for mi ty

be cau se the lu na te – re pre sen ta ti ve of the in ter ca la ted

seg ment – is in fle xion (vo lar fle xion) (Fig. 5).

Car pal In sta bi li ty Dis so cia ti ve (CID)

Do byns et al. clas si fied wrist in sta bi li ties as either

car pal in sta bi li ty dis so cia ti ve (CID) or car pal in sta bi -

li ty non dis so cia ti ve (CIND) [20]. Both sca pho lu na te

and lu no tri qu etral in sta bi li ties, di scus sed abo ve, fall

in to the CID ca te go ry as di srup tion of li ga ments and

thus dis so cia tion be twe en bo nes is pre sent. Pe ri lu na -

te in sta bi li ties, as de scri bed by Licht man et al. al so

fall in to the ca te go ry of CID [21,22]. 

Car pal In sta bi li ty Non dis so cia ti ve (CIND)

Car pal in sta bi li ty can oc cur wi tho ut di srup tion of

either SLIL or LTIL. Whi le the re la tion ship among

the pro xi mal car pal bo nes is un chan ged in sta bi li ty

can ari se be twe en them and the fo re arm bo nes or di -

stal car pal bo nes. The se con di tions are re fer red to as

CIND [23]. CIND be twe en the two car pal rows in c -

lu de and are so me ti mes in ter mi xed with the terms

mid car pal, ca pi to lu na te (CLIP), tri qu etro ha ma te or

ulnar sided wrist in sta bi li ties. CIND be twe en the pro -

xi mal car pal bo nes and the fo re arm bo nes are al so

cal led ra dio car pal or trans la tio nal in sta bi li ty.

Mid car pal in sta bi li ty can be either vo lar or dor sal.

Licht man et al. de scri bed vo lar sag of the mid car pal

jo int in pa tients who expe rien ced a pa in ful spon ta ne -

ous clunk with ulnar de via tion and pro na tion [24].

Ra dio gra phs sho wed a mild VI SI de for mi ty. They

even tu al ly clas si fied this as pal mar mid car pal in sta -

bi li ty (PMCI) after flu oro sco py fa iled to iden ti fy any

pro xi mal row dis so cia tions, in ste ad sho wing that the

pro xi mal row was snap ping in to exten sion with ulnar

de via tion ra ther than gra du al ly exten ding. La xi ty of

the dor sal ra dio tri qu etral li ga ment and pal mar ulnar

ar cu ate li ga ment may be the cau se.

Lo uis et al. de scri bed ano ther mid car pal in sta bi li -

ty pat tern: ca pi to lu na te in sta bi li ty pat tern (CLIP) [25].

In this dor sal mid car pal in sta bi li ty pat tern, flu oro sco -

py sho wed dor sal sub lu xa tion of the pro xi mal row

and dor sal sub lu xa tion of the ca pi ta te from the lu na -

te. This sub lu xa tion ap pe ars to in vo lve the spa ce of 

Poi rier, as clo su re of this spa ce al le via ted symp toms. 

Whi le others no ti ced car pal in sta bi li ty as a com -

pli ca tion of the ma lu ni ted di stal ra dius frac tu re, Ta le -

isnik and Wat son de scri bed mid car pal in sta bi li ty

from ma lu ni ted di stal ra dius frac tu res [26]. Ra ther

than be ing re la ted to the in i tial in ju ry, this con di tion

is be lie ved to in ste ad be due to the re pe ti ti ve over lo ad

of the mid car pal jo int as a re sult of the re ver sal of the

nor mal pal mar tilt of the di stal ra dius.

Ra dio car pal in sta bi li ty is usu al ly as so cia ted with

rheu ma to id ar th ri tis whe re ulnar trans lo ca tion of the

car pus oc curs, whi le dor sal or vo lar in sta bi li ty may

occur fol lo wing a Bar ton's frac tu re to the di stal ra dius.

Ano ther exam ple of CIND is ro ta ry sub lu xa tion

of the sca pho id as so cia ted with Kienböck's di se ase.

As the lu na te col lap ses in Kienböck's di se ase, the ca -

pi ta te mi gra tes pro xi mal ly for cing the sca pho id to

flex ab nor mal ly [27]. Elon ga tion of the lu na te in the

ra dio ul nar di rec tion al so pro mo tes fle xion of the sca -

pho id wi tho ut any li ga men to us di srup tion.

Ryu J. et al., Un der stan ding wrist in sta bi li ties

Fig. 4. In DISI, which accompanies scapholunate instability, the scaphoid flexes, the lunate and triquetrum extend, and

capitate flexes
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Car pal In sta bi li ty Com bi ned or Com plex (CIC)

When the wrist su sta ins an in ju ry with both CID

and CIND com po nents, the wrist in sta bi li ty can be

clas si fied as CIC. Ma ny CIDs be co me CICs when the

for ces are gre at eno ugh to extend the da ma ge bey ond

the in te ros se ous li ga ments. For exam ple, sca pho lu na -

te or lu no tri qu etral in sta bi li ty alo ne is not CIC. But,

if the in ju ry for ce is gre at eno ugh to ha ve an ad di tio -

nal com po nent such as pe ri lu na te di slo ca tion, it be co -

mes a CIC.

Lon gi tu di nal (co lum nar or axial) 

Car pal In sta bi li ty

When a trau ma tic in ju ry to the wrist con si sts of

trans ar ti cu lar and/or trans os se ous lon gi tu di nal di -

srup tion of the me ta car pal and car pal trans ver se ar -

ches with par tial or com ple te loss of the car pal ali gn -

ment, lon gi tu di nal or axial in sta bi li ty can oc cur. This

in c lu des lon gi tu di nal car pal di slo ca tions such as pe -

ri -tra pe zo id, pe ri -tra pe zium, and pe ri -ha ma te; and lon -

gi tu di nal car pal frac tu re di slo ca tions such as trans -tra -

pe zium, trans -ha ma te, and trans -tri qu etrum. Most of

the lon gi tu di nal in sta bi li ties are CICs and unsta ble

be cau se they sel dom are sub lu xa tion on ly.

Dy na mic vs. Sta tic Car pal In sta bi li ty

The se con fu sing terms exist ma in ly for sca pho lu -

na te in sta bi li ty. So me, in c lu ding the au thors, be lie ve

the term sta tic in sta bi li ty is con tra dic to ry in it self as

an in sta bi li ty is al ways dy na mic. No ne the less, dy na -

mic in sta bi li ty is de fi ned as a ma la li gn ment shown

on ly by stress pro vo ca tion – either by an exa mi ner or

by an x -ray ma de du ring or after stres sing the wrist

whi le re gu lar x -rays are nor mal, and this con di tion

do es exist. The ty pi cal test for dy na mic sca pho lu na te

in sta bi li ty is the Wat son shift test. We often find lax

or par tial ly torn SL in te ros se ous li ga ment du ring ar -

th ro sco pic exa mi na tion in pa tients with dy na mic SL

in sta bi li ty.

Tre at ment of Car pal In sta bi li ty

Tre at ment of the wrist in sta bi li ties is not di scus -

sed in this ar tic le. We wo uld, ho we ver, li ke to em pha -

si ze that the tre at ment plan ne eds to be cu sto mi zed

for each pa tient. Ful ly un der stan ding each pa tient's

func tio nal pro blems and func tio nal ne eds is pa ra -

mount for ap pro pria te tre at ment. Hand sur ge ons must

first iden ti fy the amo unt of mo tion each pa tient ne -

eds. Se con dly, it must be de ter mi ned whe ther the re is

a tre at ment me thod that will pro vi de this ne eded mo -

tion. La stly, the sur ge on must de ci de whe ther this

me thod will pro vi de sa tis fac to ry sta bi li ty. If the abo ve

men tio ned cri te ria are not met, the tre at ment me thod

may not be ide al, and the de ci sion ma king pro cess

must be re star ted. 

Whi le va ried num bers ha ve be en pro po sed, the

au thors be lie ve 40 de gre es each of exten sion and fle -

xion, 10 de gre es of ra dial and 30 de gre es of ulnar de -

via tion are go od gu ide li nes for func tio nal ran ge of

mo tion of the wrist for ac ti vi ties of da ily li ving [28].

Ter mi no lo gy of Car pal In sta bi li ty

Ter mi no lo gy in wrist in sta bi li ty is ve ry re dun dant

and con fu sing at best. The au thors wo uld li ke re com -

mend re aders to re fer to the work of IWIW Ter mi no lo gy

Com mit tee di rec ted by Dr. Gi lu la and Dr. Do byns [29].

Ryu J. et al., Un der stan ding wrist in sta bi li ties

Fig. 5. In VISI, which accompanies lunotriquetral instability, the scaphoid and lunate flex, the triquetrum extends, and the

capitate flexes
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