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Abstract

Prosthet ic instabilit y is the third most  frequent  cause for the failure of total knee 
replacement  (TKR), which leads to between 10% and 22% of surgical revisions. In addit ion 
to individual factors such as previous instabilit ies or deformit ies, an associated 
neuromuscular condit ion, rheumatoid arthrit is or obesity, the main causes for prosthet ic 
instabilit y are related to errors in select ing the primary prosthesis or mistakes in the 
surgical technique, i.e. inadequate bone resect ions, failure to obtain an appropriate 
j oint  balance with symmetrical   exion and extension gaps, causing a iat rogenic laxity, 
etc. – all of them easily preventable. In order to successfully correct  these instabilit ies, 
it  is indispensable to ident ify it s causes so as to be able to address and thereby avoid 
repeat ing the same mistakes that  provoked them in the   rst  place. As, the maj ority of 
cases will require surgical t reatment  and prosthet ic revision, in this study we carry out  
an analysis of the dif ferent  models available. As a general rule, we recommend the use 
of a prosthet ic model with the minimum const raint  necessary to achieve stabilit y, taking 
into account  that  a posterostabilized prosthesis may be able to address a   exion 
instabilit y, although it  cannot  compensate for a medial-lateral instabilit y, and that  even 
if  a highly const rained prosthesis can compensate for both instabilit ies init ially, in the 
long term it  can lead to mechanical complicat ions.
© 2008 SECOT. Published by Elsevier España, S.L. All rights reserved.
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La prótesis total de rodilla inestable

Resumen

La inestabilidad protésica es la tercera causa más frecuente de fallo de una prótesis total 
de rodilla (PTR). Ent re el 10 y el 22% de las revisiones quirúrgicas se deben a esta causa. 
Además de factores individuales, como inestabilidades o deformidades previas, afección 
neuromuscular concomitante, art rit is reumatoide u obesidad, las principales causas se 
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Introduction

An unstable knee prosthesis is de  ned as an implant  
characterized either by signi  cant  insuf  ciency of the 
primary knee stabilizers or by inappropriate ligament  
balance, which result  in symptoms or a displacement  of the 
two parts of the j oint  with respect  to each other. The main 
factor for the mechanical survivorship of a knee prosthesis 
is correct  t ibiofemoral alignment  and appropriate 
component  posit ioning. Nevertheless, to obtain a 
sat isfactory clinical result  it  is essent ial to endow the 
prosthesis with an appropriate ligament  balance, both in 
  exion and in extension. Instabilit y has been cited as the 
third most  frequent  cause of failure following total knee 
replacement  and it  is est imated that  between 10 and 22% of 
revision surgeries are due to an unstable knee.1-3

Even if  most  cases result  from errors in the surgical 
technique or in the select ion of the prosthet ic model, some 
pat ients may possess int rinsic characterist ics that  make 
them prone to this complicat ion.4 Although many cases can 
be resolved favorably, in order to avoid repeat ing old errors 
it  is essent ial to ident ify the cause for instabilit y and carry 
out  an exhaust ive clinical and radiographic analysis that  
determines the pat tern of the instabilit y. 3 Unfortunately, 
the literature provides lit t le informat ion about  the 
diagnost ic criteria, the therapeut ic opt ions and the 
prognosis associated with knee prosthet ic instabilit y.5,6

Predisposing factors

Many factors are known that  could lead to instabilit y 
following total knee replacement  (table 1). The speci  c risk 
factors associated with the pat ient  are diverse and include 
prior lesions in the knee ligaments, rheumatoid arthrit is 
(usually result ing in an insuf  ciency of the Joint  stabilizing 
st ructures), general or regional neuromuscular involvement  
(weakness of the quadriceps indoor weak abductors that  
impart  a medial thrust  to the knee), or hip or foot  deformit ies 
characterized by ruptures of the t ibialis posterior tendon 
leading to pes planus, which in turn causes the knee to shif t  
into valgus. Obesity is also a risk factor, both because it  

complicates the surgical approach and because it  hinders 
int ra-operat ive examinat ion of ligament  balance. Also, 
overload produces laxity and a chronic insuf  ciency of the 
knee stabilizers, especially in the medial compartment .

Evaluation

Clinical   ndings are the   rst  step toward con  rming a 
diagnosis and understanding the underlying cause of 
prosthet ic instabilit y. It  is necessary to put  together a 
complete and appropriate clinical record that  includes the 
diagnosis leading to the primary arthroplasty, any deformity 
or preoperat ive cont racture, previous surgical procedures 
on the knee j oint , as well as speci  cat ions of the knee 
replacement  surgical technique, the type of prosthesis used 
and the postoperat ive rehab program indicated and whether 
the pat ient  sustained any kind of t rauma following surgery.

Init ial pat ient  assessment  following knee arthroplasty 
should include an exhaust ive physical examinat ion of the 

Table 1 Main causes for prosthet ic knee instabilit y

Ligament  imbalance

Component  malalignment

Component  failure

Implant  design

Medial-lateral instabilit y

Bone loss result ing from an excessive resect ion 

 of the distal femur

Bone loss result ing from femoral or t ibial component  

 loosening

Laxity of the soft  t issues of the medial or lateral 

 collateral ligaments

Connect ive t issue disorders (rheumatoid arthrit is 

 or Ehlers-Danlos syndrome)

Inadequate femoral or t ibial bone resect ion

Imbalance of the collateral ligament  (insuf  cient  release, 

excessive release or t raumat ic tear)

deben a errores en la selección de la prótesis primaria o a defectos en la técnica quirúr-
gica, como inadecuadas resecciones óseas, no obtener un apropiado balance con espacio 
simét rico en extensión y   exión o producir una laxitud iat rogénica, por lo que pueden ser 
prevenibles. Para obtener un buen resultado en su corrección es imprescindible ident i  -
car la causa de la inestabilidad a   n de actuar sobre ella y no repet ir los errores que la 
produj eron. La mayor›´ a de los casos requerirán t ratamiento quirúrgico y recambio pro-
tésico, por lo que en este art ículo realizamos un análisis de los dist intos modelos dispo-
nibles. Como regla general recomendamos ut il izar un modelo de prótesis con la m›´ nima 
const ricción necesaria para lograr la estabilidad, teniendo en cuenta que una prótesis 
estabilizada posterior puede solucionar una inestabilidad en   exión, aunque no compen-
sa una inestabilidad medio-lateral,  y que si bien una prótesis altamente const reñida 
compensa inicialmente ambas inestabilidades, a largo plazo pueden producir complica-
ciones mecánicas.
© 2008 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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Joint  in order to ident ify any varus/ valgus   exion or 
extension laxity; a distance greater than 10 mm between 
the 2 j oint  surfaces should be considered signi  cant . In 
addit ion, the existence of anteroposterior laxity must  be 
determined by means of the drawer test . Radiologic 
evaluat ion should include a measurement  of the mechanical 
and anatomic axes on a weightbearing anteroposterior 
teleradiograph and lateral knee views in full   exion and 
extension in order to detect  potent ial displacements or 
subluxat ions. A st ress radiograph may also be of use. In 
addit ion to t ibiofemoral alignment , it  is necessary to 
ident ify whether prosthet ic components have been placed 
correct ly. This can be done by means of computerized 
tomography, which makes it  possible to assess the 
components’  rotat ional posit ion. It  is also important  to 
ident ify the stabilit y and the wear of such prosthet ic 
components, especially of the t ibial polyethylene 
component .3,7 Finally, a deep infect ion must  be ruled out  
since this would be a cont raindicat ion for surgically revising 
the instabilit y.1

Types of instability

With a view to diagnosis and t reatment , instabilit y following 
total knee replacement  can be classi  ed chronologically as 
early or late and, in terms of it s direct ion, as extension and 
  exion instabilit y. Extension instabilit y may be symmetrical 
or asymmetrical and may have valgus or varus effects; 
  exion instabilit y – the most  usual kind – normally has an 
anteroposterior clinical effect . 

Early instability

Early instabilit y manifests it self  relat ively soon, a few weeks 
or months following TKR. It  is usually characterized by 
failure, locking or “ giving way”  of the knee j oint , whose 
funct ion becomes unsat isfactory. It  may be at t ributable to 

dif ferent  causes, although it  is normally related to t rauma 
caused by prosthet ic implantat ion. It  is normally dif   cult  to 
ident ify pat ient -related instabilit y prior to knee 
replacement , reestablish the limb’s mechanical axis or poor 
placement  of the prosthet ic components. Other causes may 
be technical errors in t rying to produce appropriate   exion 
and extension ligament  balance (inadequate bone 
resect ions, poor component  sizing or inappropriate t ibial 
component  thickness), an inadvertent  rupture of the 
posterior cruciate ligament  following implantat ion of a PCL-
retaining prosthesis or an inadvertent  inj ury or excessive 
release of the collateral ligaments, the PCL or the popliteal 
tendon. Some of the other causes for early knee prosthesis 
instabilit y are related with inj ury to the extensor mechanism, 
including tendon ruptures and patellar fracture.

Late instability

The most  common cause of late instabilit y is wear, which 
causes the t ibial polyethylene component  to break; this 
may occur in isolat ion or in conj unct ion with ligament  
instabilit y (  g. 1). The result  of this is generally an 
asymmetric extension gap, with the leg oriented in the 
direct ion in which the wear has occurred, and laxity in the 
said compartment . Finally, the extensor mechanism 
problems producing late instabilit y are similar to those 
occurring early, except  that  they tend to be secondary to 
patellar component  wear.5

Symmetric extension instability

This kind of instabilit y is due to excessive distal femoral or 
proximal t ibial bone resect ion, so that  a wide extension gap 
is created. If  the instabilit y is caused by an excessive t ibial 
resect ion, which would also affect  the   exion gap, it  can be 
resolved with a thicker t ibial polyethylene insert .  If  it  is 
caused by excessive distal femoral bone resect ion, a thicker 
insert  will not  solve the problem; even if  it  would admit tedly 

Figure 1 X-rays of an unstable total knee prosthesis caused by ligament  insuf   ciency. A: anteroposterior view. B: lateral view.

A

B
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compensate for the wider extension gap, it  would also bring 
about  an elevat ion of the j oint  line and would excessively 
const rain the   exion gap. Joint  line elevat ion could limit  
knee   exion and affect  patellar funct ion (patella infera) 
cont ribut ing to mid  exion instabilit y. Flexion gap const raint  
would affect  knee kinemat ics and limit    exion. For that  
reason, recommended t reatment  in this case would be to 
use distal femoral augments to compensate for the exist ing 
bone defect .

Asymmetric extension instability

Asymmetric instabilit y is more common than symmetric 
instabilit y and is typically related to a preoperat ive angular 
deformity of the knee. It  is usually caused by some surgical 
error during primary arthroplasty, such as failure to bring 
about  an appropriate ligament  balance, failure to carry out  
a release in severe deformit ies, carrying out  an excessive 
release that  leads to a deviat ion in the opposite direct ion or 
causing a iat rogenic inj ury of one of the main knee 
stabilizers, especially the medial collateral ligament .

Varus angulat ions tend to be caused by an excessive 
release of the medial collateral ligament  or by an at tempt  
to compensate for a t ibial bone defect  with an exaggerated 
bone resect ion. In the maj ority of cases, even in severe 
deformit ies, adequate ligament  balance can be obtained 

simply by means of posteromedial capsulotomy and posterior 
osteophyte resect ion, without  act ing on the medial 
collateral ligament . Valgus deviat ions may require release 
of the lateral compartment  ligaments, which must  be 
careful and gradual to avoid an excessive release, which 
could lead to extension instabilit y.

Malalignment  of the femoral or t ibial component  (  g. 2) 
on the frontal plane as well as wear and micromot ion could 
also lead to medial or lateral asymmetrical instabilit y.

Flexion instability

Flexion instabilit y results from discrepancy between the 
  exion and extension gaps arising further to the bone 
resect ions required to implant  the prosthesis. It  tends to 
present  early, when a PCL retaining prosthesis has been 
used in a pat ient  whose PCL has some kind of prior 
insuf  ciency or sustained an int raoperat ive inj ury, which 
may happen when t ibial resect ion is excessive or in cases of 
genu recurvatum when a posterior release has been 
performed, especially if  the popliteus tendon was also 
damaged. Nonetheless, there may also be a late secondary 
insuf  ciency of the posterior cruciate ligament . Symptoms 
are a feeling of instabilit y in the knee, although it  can also 
present  more severely as a subluxat ion or a downright  
t ibiofemoral dislocat ion.

As ment ioned above, the   rst  cause reported for   exion 
instabilit y was placement  of a PCL-retaining prosthesis in 
pat ients with ligament  insuf  ciency, which can be resolved 
by conversion to a posterostabilized implant  with sat isfactory 
results in most  cases. Nevertheless, it  must  be borne in 
mind that , in order to provide effect ive stabilizat ion, 
posterostabilized models require the existence appropriate 
balance between the   exion and extension gaps. Other 
potent ial causes of   exion instabilit y are component  
malposit ion, malrotat ion or loosening of the femoral 
component  and late displacement  of the t ibial component .

General instability

General instabilit y is an instabilit y pat tern that  can be 
detected clearly on mult iple planes; it  is a combinat ion of 
lax   exion and extension gaps. There are various causes for 
general instabilit y: polyethylene wear, which results in 
surrounding soft  t issue laxity, implant  migrat ion, motor 
dysfunct ion and, speci  cally, extensor mechanism rupture.

Pat ients present  with signi  cant  instabilit y symptoms 
ranking from knee failure or locking to recurvatum in cases 
of a poor extensor mechanism since these pat ients often 
have marked quadriceps weakness. Treatment  opt ions 
include revision with a const rained implant , which normally 
yields good results. However, t reatment  with graft ing and 
orthosis tends to produce unsat isfactory results.2,8,9

Treatment

Conservative treatment

Conservat ive t reatment  may prove effect ive in a small 
percentage of pat ients with knee instabilit y; closed 

Figure 2 Anteroposterior x.ray of an unstable knee prosthesis 

caused by t ibial component  loosening.



The unstable knee prosthesis 117

reduct ion and orthot ic immobilizat ion could be of help in 
pat ients with acute prosthet ic dislocat ion. Indicat ion of 
orthosis and rehabilitat ion programs to st rengthen the 
quadriceps and the hamst rings could improve symptoms in 
certain pat ients with mild or moderate instabilit y. 
Nevertheless, in most  cases, it  will be necessary to resort  to 
surgical t reatment , especially if  other disorders are 
detected, such as component  malposit ion, wear or 
loosening.1,10

Surgical treatment

Most  pat ients with prosthet ic instabilit y will require surgical 
t reatment ; preoperat ive planning is of great  importance 
and it  includes select ing an implant  with the right  degree of 
const raint .11 In Knee revision surgery for instabilit y, surgeons 
must : a) have an adequate mechanical axis of the limb; b) 
achieve a balance between the   exion and extension gaps; 
c) verify ligament  integrity make sure both compartments 
are well balanced, and d) have at  their disposal prosthet ic 
models with dif ferent  degrees of const raint . As usual, 
diagnosing the cause of instabilit y must  precede successful 
t reatment .4

As a general rule, we recommend using a prosthet ic 
model that  incorporates the minimum degree of const raint  
necessary to achieve stabilit y. With the mult iple component  
design opt ions and degrees of const raint  available in the 
market , it  may be challenging to select  the opt imal implant  
for each pat ient .5,12,13

On some occasions it  is possible to act  direct ly on 
excessively lax ligaments, by advancing one of their 2 
ext remes, although results have been cont roversial.  If  a 
decision is made to address the ligament  st ructures, it  is in 
general preferable to release one compartment  rather than 
t ighten the opposite one. As excessive relaxat ion could 
result  in severe ligament  insuf  ciency, it  is bet ter to 
moderately release the said compartment  and compensate 
for the laxity of the other by means of a const rained 
prosthesis.

Posterior cruciate ligament retaining implants

Posterior cruciate ligament  (PCL)-retaining designs are the 
implants with the least  const rict ion between their 
components. In order to be effect ive, they require 
appropriate medial-lateral ligament  balance and PCL 
suf  ciency. For that  reason, they are not  indicated in most  
cases of prosthet ic instabilit y. Their use in revision surgery 
is reserved for pat ients with extension instabilit y, where a 
thicker polyethylene component  or revision of the femoral 
component  are required, either because they are 
malposit ioned or because distal augments are needed: All 
of this can only be done if  the knee stabilizing ligaments are 
competent .

PCL-substituting implants

The next  degree of const raint  includes the posterostabilized 
models, which subst itute for the funct ion of the PCL: this is 
why they are normally indicated in cases of   exion 
instabilit y.

Nonetheless, it  should be remembered that  these models 
provide no medial-lateral and lit t le rotat ional stabilit y. 
Therefore in order to use them those ligament  st ructures 
must  be fully competent  or, if  this is not  the case, carry out  
a repair of the j oint  spaces to produce an appropriate 
ligament  balance.

Moderately constrained implants

The next  degree of const raint  is cont ributed by the VVC 
(varus valgus const rained) or CCK (const rained condylar 
knee) models, whose femoral and t ibial components are not  
linked to each other; rather, stabilizat ion is created at  the 
expense of the femoral design and of the polyethylene 
insert .  Such designs provide signi  cant  rotat ional cont rol 
and an acceptable degree of stabilizat ion for varus-valgus 
angulat ion. Their theoret ical disadvantage is their load 
t ransfer pat tern, whereby the component -bone interface 
tends to be overloaded. Because of the stabilizat ion 
between the femoral and t ibial components, these models 
can be useful in cases of severe medial or lateral instabilit y, 
although it  must  be remembered that  severe   exion 
instabilit y is a limitat ion for these types of implants. 12,14

Highly constrained implants

These are the models where the femoral and t ibial 
components are linked to each other. They include rotat ional 
hinge implants, which provide knee stabilizat ion during 
extension (valgus/ varus) and   exion (PCL insuf  ciency)5,14 
(  g. 3). The drawback is that  load t ransfer occurs axially 
through the link mechanism between both components, 
which increases the load they must  withstand and favors 
loosening (in spite of the fact  that  both components have 
extension stems).

Their use should be rest ricted to speci  c cases. These 
include severe valgus deviat ions where, in order to obtain 
ligament  balance, an excessive release of the lateral 
compartment  would be required. In these situat ions, it  is 
preferable to create a moderate release, which causes the 
medial collateral ligament  to advance, keeping the j oint  
well-tensed. A const rained prosthesis can also be implanted. 
Another indicat ion would be cases of generalized combined 
  exion and extension instabilit y that  cannot  be resolved 
with ligament  balancing: the alternat ive in these cases 
could be knee arthrodesis. Current  potent ial indicat ions for 
the use of rotat ional hinge prostheses are shown in table 
2.16

Indications for constrained implants in primary 
arthroplasty

Const rained prostheses also have their indicat ions in primary 
surgery. It  is bet ter to use them that  to fail as a result  of 
severe instabilit y, although cases must  be selected with 
great  care. Const rained knee arthroplasty designs are used 
usually in primary arthroplasty in cases of knees with severe 
varus or valgus deformit ies, result ing both from ligament  
insuf  ciency that  requires releases or complex 
reconst ruct ions and from severe bone defects, especially in 
elderly or low-demand pat ients.
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Easley et  al14 reviewed 44 CCK prostheses in elderly 
pat ients with severe genum valgum, with excellent  clinical 
results and no failures at  8 years’  follow-up. Lachiewicz et  
al15 reported 87% good or excellent  results in a group of 25 
pat ients with a primary arthroplasty, where they used 
const rained prostheses for complex knee reconst ruct ions. 
Another scenario where const raint  may be required during 
primary arthroplasty is in pat ients with rhemuatoid arthrit is. 
Nevertheless, these pat ients have also been t reated 
sat isfactorily in the past  with posterior cruciate ligament -
retaining prostheses.

Medial collateral ligament  inj ury in the course of primary 
arthroplasty could also require a const rained prosthesis in 
order to minimize st resses on the repaired ligaments. 
However, favorable results have also been described with 

Table 2 Current  indicat ions for primary const rained 

prostheses

1.  Tear of the medial collateral ligament

2.  Massive bone loss of the distal femur or the proximal 

t ibia (including the origin or at tachment  

of the collateral ligament )

3.  Comminuted distal femoral fracture in the elderly

4.  Pseudoarthrosis) or malunion in the distal femur

5.  Rupture of the extensor mechanism requiring 

reconst ruct ion in an unstable knee

6.  Ankylosis requiring extensive femoral exposure with 

moderate or severe residual imbalance of the   exion/

extension gaps

Figure 3 Unstable knee prosthesis that  required revision arthroplasty by means of a rotat ional hinge implant . A: Preoperat ive x-

ray. B: Int raoperat ive view of the removed components. C: View of the rotat ional hinge prosthet ic components about  to be 

implanted. D: Int raoperat ive view of the implanted rotat ional hinge prosthesis. E: Anteroposterior view of the new prosthesis 

(sat isfactory result ).

A B C

D

E
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primary repair of the ligament  and the use of less const rained 
prostheses in speci  c cases.16,17

Finally, there are some situat ions in primary arthroplasty 
where greater const raint  is indicated, as in pat ients with 
poor neuromuscular cont rol result ing from poliomyelit is or 
neuropathic arthropathy, where the surrounding soft  t issues 
do not  provide enough stabilit y, or in pat ients with a 
previous patellectomy.18-20

Conclusions

The maj ority of pat ients with prosthet ic knee instabilit y 
will require surgical t reatment  and revision of their primary 
implant . An adequately const rained prosthesis may be 
selected preoperat ively. As a general rule, it  is advisable to 
use a prosthet ic model with the least  const raint  possible in 
order to cont ribute the required level of stabilit y. 
Sat isfactory results may be obtained in many of these cases. 
However, if  the cause for the instabilit y is not  previously 
ident i  ed, the surgeon runs the risk of repeat ing the same 
errors that  causes the instabilit y following the primary 
surgery. Given that  most  cases of instabilit y result  from 
errors in the surgical technique or an il l-advised select ion of 
the prosthet ic model, we can conclude that , in most  cases, 
instabilit y following knee replacement  can be prevented by 
carrying out  the bone resect ions appropriately (so as to 
obtain a suitable balance between the   exion and extension 
gaps), promot ing opt imal medial-lateral ligament  balance, 
and compensat ing for potent ial posterior cruciate ligament  
insuf  ciencies. Furthermore, causes leading to mechanical 
failure and polyethylene insert  wear must  be prevented. 
This is achieved by correct  limb alignment  and careful 
prosthet ic component  placement .
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