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Summary. Total knee arthroplasty is a successful operation that significantly improves patient’s quality of 
life. However, studies demonstrated as only 82% to 89% of patients are satisfied with their surgery, being the 
other disappointed with regard to their expectations. Two to 5.7% of total knee arthroplasties (TKAs) require 
revision within 5 years. Both complex primary cases and revision TKA often necessitate for a higher degree of 
constrain than cruciate retaining or postero-stabilized implant design. In the 1970s varus-valgus constrained 
(VVC) or semi-constrained implants have been developed by Insall and associates from the PS design, which 
provide varus-valgus stability preserving a fair amount of host bone. VVC TKAs allows for a small amount 
of movement in the coronal, antero-posterior and axial planes. In this paper, the authors give an overview of 
the indications, outcomes and technique for varus-valgus constrained implants, both in the setting of primary 
and revision knee arthroplasty. (www.actabiomedica.it)
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Introduction

Knee osteoarthritis (OA) is common condition, 
with a prevalence of 19% (14) to 28% (21), and char-
acterized by pain and functional limitation. Total knee 
artrhoplasty (TKA) has shown to be an effective treat-
ment for pain relief and restoring function (7, 18, 35). 
However studies demonstrated as only 82% to 89% of 
patients are satisfied with their surgery, being the other 
disappointed with regard to their expectation (6, 34, 
41). Two to 5.7% of total knee arthroplasties (TKAs) 
require revision within 5 years (5). When looking at the 
causes of failure, aseptic loosening accounts for 31.2%, 
followed by instability (18.7%), infection (16.2%), 
polyethylene wear (10.0%), arthrofibrosis (6.9%) and 
malalignment (6.6%) (27). 

Therefore instability is considered the second 
cause of implant failure and, among the causes of in-
stability after TKA, there are surgical errors and poor 
design selection. 

Implant designs show a various degree of con-
strain, ranging from posterior stabilized prosthesis 
(PS) to rotating hinged implants (RH). 

PS implants do not provide for varus-valgus sta-
bility, therefore they are not suitable for revision ar-
throplasty when instability is present and for difficult 
primary arthroplasties when severe deformity is present 
and collateral ligaments are insufficient. In the 1970s 
varus-valgus constrained (VVC) or semi-constrained 
implants have been developed by Insall and associ-
ates from the PS design, which provide varus-valgus 
stability preserving a fair amount of host bone (13). 
However for severer instabilities VVC maybe insuffi-
cient and it would be necessary to increase the level of 
constrain to a hinged implant, in which the tibia and 
femur components are connected by an axle that limits 
the varus-valugs and anterior-posterior translations. 

Generally the least amount of constrain should 
be chosen, in fact although increasing the constrain 
improves stability, it allows for less range of motion, 
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increases stress at the bone-cement-implant interface 
and sacrifices larger amount of bone stock (32, 33). It 
is the authors’ aim to provide an overview of the indi-
cations, outcomes and technique for varus-valgus con-
strained implants, both in the setting of primary and 
revision knee arthroplasty.

Implant design 

VVC implants derive from the posterior stabi-
lized design in which the tibial post is taller and larg-
er with a deeper femoral box. This allows for a small 
amount of movement in the coronal, antero-posterior 
and axial planes. VVC implants among the most pop-
ular provide about 2° to 3° of varus- valgus stability 
and ± 2° of rotation (19, 33). However, conversely to 
the hinged designs, the tibial and femoral components 
are not linked. Similarly to the PS design, VVCs suffer 
the potential risk for post and cam dissociation in case 
of severe flexion instability (32). 

Further VVCs limits are the need for removing 
a wider amount of femoral intercondylar bone and 
potential higher risk for aseptic loosening, resulting 
from increased constraint (30, 38). VVCs are usually 
considered to be less constrained than RHK. This is 
true for the coronal and antero-posterior planes, but 
not for the axial plane. In fact RHKs have more rota-
tional freedom than VVC implants, and finite element 
analysis showed lower contact shear stress and a more 

uniform von-Mises stress resulting into lower polyeth-
ylene stress compared to VVC (40).

Indications

Primary total knee

Usually the need for a constrained implant over a 
PS or a CR implant is infrequent. However, it maybe 
necessary to increase the constraint level to achieve the 
proper knee stability in complex primary cases. Se-
vere deformities in which soft tissue release does not 
provide for symmetric balance, severe bone loss and 
incompetent medial collateral ligament are the tradi-
tional indications (13,17, 20, 42). Further relative indi-
cations are reported in literature (table 1).

Total knee arthroplasty revision

Most commonly, VVC are used in the total knee 
arthroplasty revision setting. Independently from the 
cause of failure of the primary implant, insufficient 
bone stock and consequent need for augments and 
stems, inadequate collateral ligaments, flexion con-
tracture are common indications for choosing a con-
strained implant (44). 

Instability after total knee arthroplasty represents 
one of the most common causes of failure. Identifying 
the reason for instability is paramount, and a thorough 
history and physical examination and appropriate ra-
diological studies are essential to draw a diagnosis. 

Table 1. Indications to VVC implants in primary TKA. ROM: range of motion; MCL: medial collateral ligament

Indications to VVC in primary TKA

Valgus deformity with incompetent MCL (25)

Bone defects (17)

Severe flexion contracture with inability to balance the knee (24)

Varus-valgus laxity > 5mm throughout the whole ROM (31)

Extra-articular deformity (11)

Incontrollable flexion-extension imbalance (17)

Rheumatoid arthritis (which usually leads to valgus deformity with an incompetent MCL) (17)

Sequelae of poliomyelitis (16) 

Neuropathic arthropathy (22)

18-adravanti.indd   113 06/06/17   10:30



P. Adravanti, S. Vasta114

The patient should be carefully evaluated looking 
for pain localization and sense of instability, and onset 
of symptoms. Moreover details about the postopera-
tive should be asked (wound complications, rehab) as 
well as previous x-rays, which will give information 
about pre-existing deformities and original indication 
for surgery. Besides local conditions, global causes such 
as neuromuscular disorders or hip or ankle deformity 
should be considered (9, 37). 

The onset of instability gives crucial information 
on the possible cause: early postoperative instability 
maybe secondary to malalignment, unbalanced liga-
ments or iatrogenic ligament injury. Late postopera-
tive onset could be linked to asymmetric polyethylene 
wear or, in case of CR implants, posterior cruciate 
ligament insufficiency (9, 36, 37). Patient’s examina-
tion will include gait evaluation, varus-valgus stress 
test both in extension and in flexion (30° and 90°) 
(36). X-rays study should necessarily includes stand-
ard weigh bearing AP and lateral views, but also full 
length hip-to-ankle view, varus-valgus stress views and 
skyline view (15). CT scan is often useful to investigate 
components malrotation issues (23). 

Instability has been traditionally classified into 3 
patterns: flexion, extension and genu recurvatum (9, 
36, 37). In more recent years, a fourth type of instabil-
ity has been described: the mid-flexion one (39, 45). 

Acute flexion instability is usually secondary to a 
neglected intraoperative lesion to one or more lateral 
ligaments, in the attempt to balance a valgus knee (10, 
43). In those cases, according to the degree of insta-
bility either a VVC or a hinged implants is suggested 
(29). Chronic flexion instability is due to an increased 
tibial slope or a reduced posterior off-set. This causes 
the tibia to anteriorly translate during knee flexion. In 
this instability pattern, it is essential to restore balance 
between the flexion and extension gaps, either by a PS 
or a VVC implant (1). 

Extension instability can be further divided in 
symmetric and asymmetric. The symmetric one is the 
results of an excessive bone removal from either the 
distal femur or the tibia. This latter condition is easier 
to manage, in fact changing the polyethylene for a 
thicker one will restore stability. Distal femur over-
resection leads to what is now recognized as mid-
flexion instability, although further causes have been 

progressively identified. Overall, this pattern typically 
shows coronal instability when the knee is beyond 30° 
of flexion.  To compensate over-resection of the distal 
femur, it is necessary to use implants with augments 
on the femoral component (36, 46). Asymmetric ex-
tension instability follows undercorrection of preop-
erative coronal deformity or inadequate release of the 
soft tissues. Revision surgery is necessary to restore 
the alignment and balance the ligaments. According 
to the ligaments status, a VVC maybe necessary (36, 
46). 

Recurvatum is often the results of a compromised 
extensor apparatus (typically polio patients). Only a 
hinged implant will control the hyperextension, al-
though the huge forces on the axle will often cause 
failure of the prosthesis.  

Outcomes

First generation of VVC implants showed up 
to 97.6% of survivorship at 10 years follow-up (31). 
However, because of the implant design, it was associ-
ated with a high rate of patellar complications (mal-
tracking, fracture and osteonecrosis) (24). Since the 
second generation came out, the rate of patellar com-
plication significantly plummeted (47). 

For primary VVC implants with a mean 12.7 
years follow-up, Cholewinski et al (8) reported no 
cases of osteolysis or aseptic loosening, and HSS, KSS 
knee, and KSS function scores were 80,90 and 61 re-
spectively. 

Satisfactory results have been similarly reported 
for VVC implants in revision TKA. Luque et al. re-
ported an overall survivorship of 92.7 %, at 24 months, 
87.8% at 60 months and 87.8% at 96 months. Moreo-
ver clinical and functional results were 68.24 points for 
KSS clinical and and 63.85 for KSS functional, and 
overall the KSS was excellent or good in 72.9 % of 
the patients. Interestingly, the authors performed an 
analysis of factors that are associated with poor sur-
vival of the revised implants. Those were: 1. patients 
younger than 70 years, 2. rheumatic diseases or kidney 
failure, 3. tibial tuberosity osteotomy, 3. PS primary 
arthroplasty, 4. replacement done before five years, 5. 
septic failure (28). 
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Surgical technique

Concerning the correct choice of the implants, ei-
ther in the primary setting or in the revision one, back 
in 2002 Robert Barrack proposed four criteria that 
should be followed when adopting VVC implants: 
flexion-extension gap balance within 5 to 10 mm, joint 
line restoration within 10mm, reproduction of the an-
tero-posterior diameter of the femur within reasonable 
limits, and some degree of collateral ligament stability 
(4).  

Whether using intramedullary stems in primary 
TKA is controversial. Some studies recommend them  
(12, 30) while others showed comparable results with-
out stemming the implants with the advantages of de-
creasing the risk of fat embolization acutely and stem 
tip pain chronically (2, 3, 12). Furthermore, in those 
revision cases in which the medial and lateral soft tis-

sue restraints to varus-valgus instability are still com-
petent, it is possible to use a VVC implant with a PS 
polyethylene with satisfactory outcomes (26) (Fig. 1 
and 2).

References

1.  Abdel MP, Pulido L, Severson EP, Hanssen AD. Stepwise 
surgical correction of instability in flexion after total knee re-
placement. The bone & joint journal 2014; 96-B (12): 1644-
8. doi:10.1302/0301-620X.96B12.34821.

2.  Anderson JA, Baldini A, MacDonald JH, Pellicci PM, Sculco 
TP. Primary constrained condylar knee arthroplasty without 
stem extensions for the valgus knee. Clinical orthopaedics 
and related research 2006; 442: 199-203.

3.  Anderson JA, Baldini A, MacDonald JH, Tomek I, Pellicci 

Figure 1. AP and Lateral x-rays, right knee. Severe valgus knee 
addressed with VVC implant type without stems (LCCK, Nex-
Gen, Zimmer).  Since the MCL was insufficient, it was firstly 
attempted its repair with a small joint anchor on the medial 
tibial plateau. However, the surgeon was not completely satis-
fied with the valgus stability, therefore he switched from a PS 
to a VVC implant, with a CCK type polyethylene and no stems Figure 2. AP and Lateral x-rays, right knee. VVC implant type 

with stems (LCCK, NexGen, Zimmer). Although it was a revi-
sion TKA, the varus-valgus stability was found to be optimal, 
therefore a PS type polyethylene was used

18-adravanti.indd   115 06/06/17   10:30



P. Adravanti, S. Vasta116

   PM, Sculco TP. Constrained condylar knee without stem 
extensions for difficult primary total knee arthroplasty. The 
journal of knee surgery 2007; 20 (3): 195-8.

  4.  Barrack RL. Rise of the rotating hinge in revision total knee 
arthroplasty. Orthopedics 2002; 25 (10): 1020, 1058.

  5.  Bass AR, McHugh K, Fields K, Goto R, Parks ML, Good-
man SM. Higher Total Knee Arthroplasty Revision Rates 
Among United States Blacks Than Whites: A Systematic 
Literature Review and Meta-Analysis. The Journal of bone 
and joint surgery American volume 2016; 98 (24): 2103-8. 
doi:10.2106/JBJS.15.00976.

  6.  Bourne RB, Chesworth BM, Davis AM, Mahomed NN, 
Charron KD. Patient satisfaction after total knee arthro-
plasty: who is satisfied and who is not? Clinical orthopae-
dics and related research 2010; 468 (1): 57-63. doi:10.1007/
s11999-009-1119-9.

  7.  Bourne RB, McCalden RW, MacDonald SJ, Mokete L, Guer-
in J. Influence of patient factors on TKA outcomes at 5 to 
11 years followup. Clinical orthopaedics and related research 
2007; 464: 27-31. doi:10.1097/BLO.0b013e318159c5ff.

  8.  Cholewinski P, Putman S, Vasseur L, Migaud H, Duhamel 
A, Behal H, Pasquier G. Long-term outcomes of primary 
constrained condylar knee arthroplasty. Orthopaedics & 
traumatology, surgery & research: OTSR 2015; 101 (4): 
449-54. doi:10.1016/j.otsr.2015.01.020.

  9.  Cottino U, Sculco PK, Sierra RJ, Abdel MP. Instability After 
Total Knee Arthroplasty. The Orthopedic clinics of North 
America 2016; 47 (2): 311-6. doi:10.1016/j.ocl.2015.09.007.

10.  Del Gaizo DJ, Della Valle CJ. Instability in primary to-
tal knee arthroplasty. Orthopedics 2011; 34 (9): e519-521. 
doi:10.3928/01477447-20110714-46.

11.  Deschamps G, Khiami F, Catonne Y, Chol C, Bussiere C, 
Massin P, French H, Knee S. Total knee arthroplasty for os-
teoarthritis secondary to extra-articular malunions. Ortho-
paedics & traumatology, surgery & research: OTSR 2010; 
96 (8): 849-55. doi:10.1016/j.otsr.2010.06.010.

12.  Deshmukh AJ, Rathod PA, Moses MJ, Snir N, Marwin 
SE, Dayan AJ. Does a non-stemmed constrained condylar 
prosthesis predispose to early failure of primary total knee 
arthroplasty? Knee surgery, sports traumatology, arthros-
copy : official journal of the ESSKA 2016; 24 (10): 3194-9. 
doi:10.1007/s00167-014-3494-3.

13.  Donaldson WF, 3rd, Sculco TP, Insall JN, Ranawat CS. To-
tal condylar III knee prosthesis. Long-term follow-up study. 
Clinical orthopaedics and related research 1988; 226: 21-8.

14.  Felson DT, Naimark A, Anderson J, Kazis L, Castelli W, 
Meenan RF: The prevalence of knee osteoarthritis in the el-
derly. The Framingham Osteoarthritis Study. Arthritis and 
rheumatism 1987; 30 (8): 914-8.

15.  Firestone TP, Eberle RW. Surgical management of sympto-
matic instability following failed primary total knee replace-
ment. The Journal of bone and joint surgery American 2006; 
88 (Suppl 4): 80-4. doi:10.2106/JBJS.F.00825.

16.  Giori NJ, Lewallen DG. Total knee arthroplasty in limbs 
affected by poliomyelitis. The Journal of bone and joint sur-
gery American 2002; 84-A (7): 1157-61.

17.  Hartford JM, Goodman SB, Schurman DJ, Knoblick G 
(1998) Complex primary and revision total knee arthro-
plasty using the condylar constrained prosthesis: an average 
5-year follow-up. The Journal of arthroplasty 1998; 13 (4): 
380-7.

18.  Hawker G, Wright J, Coyte P, Paul J, Dittus R, Croxford R, 
Katz B, Bombardier C, Heck D, Freund D, Health-related 
quality of life after knee replacement. The Journal of bone 
and joint surgery American 1998; 80 (2): 163-73.

19.  http://www.zimmerbiomet.com/medical-professionals/
knee/product/nexgen-lcck.html. Accessed may 1st 2017 

20.  Insall JN, Ranawat CS, Aglietti P, Shine J. A comparison 
of four models of total knee-replacement prostheses. The 
Journal of bone and joint surgery American volume 1976; 
58 (6): 754-65.

21.  Jordan JMIopfoToatyfu, Helmick CG, Renner JB, Luta G, 
Dragomir AD, Woodard J, Fang F, Schwartz TA, Abbate 
LM, Callahan LF, Kalsbeek WD, Hochberg MC. Preva-
lence of knee symptoms and radiographic and symptomatic 
knee osteoarthritis in African Americans and Caucasians: 
the Johnston County Osteoarthritis Project. The Journal of 
rheumatology 2007; 34 (1): 172-80.

22.  Kim YH, Kim JS, Oh SW. Total knee arthroplasty in neu-
ropathic arthropathy. The Journal of bone and joint surgery 
British 2002; 84 (2): 216-9.

23.  Konigsberg B, Hess R, Hartman C, Smith L, Garvin KL. 
Inter- and intraobserver reliability of two-dimensional CT 
scan for total knee arthroplasty component malrotation. 
Clinical orthopaedics and related research 2014; 472 (1): 
212-7. doi:10.1007/s11999-013-3111-7.

24.  Lachiewicz PF, Soileau ES. Ten-year survival and clinical 
results of constrained components in primary total knee ar-
throplasty. The Journal of arthroplasty 2006; 21 (6): 803-8. 
doi:10.1016/j.arth.2005.09.008.

25.  Lachiewicz PF, Soileau ES. Results of a second-generation 
constrained condylar prosthesis in primary total knee ar-
throplasty. The Journal of arthroplasty 2011; 26 (8): 1228-
31. doi:10.1016/j.arth.2011.05.010

26.  Lee JK, Kim SJ, Choi CH, Chung HK. Revision total knee 
arthroplasty using a constrained condylar knee prosthesis 
in conjunction with a posterior stabilized articular poly-
ethylene. The Journal of arthroplasty 2013; 28 (4): 566-9. 
doi:10.1016/j.arth.2012.07.017.

27.  Lombardi AV, Jr., Berend KR, Adams JB. Why knee re-
placements fail in 2013: patient, surgeon, or implant? The 
bone & joint journal 2014; 96-B (11 Supple A): 101-4. 
doi:10.1302/0301-620X.96B11.34350.

28.  Luque R, Rizo B, Urda A, Garcia-Crespo R, Moro E, 
Marco F, Lopez-Duran L. Predictive factors for failure after 
total knee replacement revision. International orthopaedics 
2014; 38 (2): 429-35. doi:10.1007/s00264-013-2268-8.

29.  Luttjeboer JS, Benard MR, Defoort KC, van Hellemondt 
GG, Wymenga AB. Revision Total Knee Arthroplasty for 
Instability-Outcome for Different Types of Instability and 
Implants. The Journal of arthroplasty 2016; 31 (12): 2672-6. 
doi:10.1016/j.arth.2016.06.062

18-adravanti.indd   116 06/06/17   10:30



Varus-valgus constrained implants in total knee arthroplasty 117

30.  Marion B, Huten D, Boyer P, Jeanrot C, Massin P. Medi-
um-term osteolysis with the Wallaby I(R) deep-dished to-
tal knee prosthesis. Orthopaedics & traumatology, surgery 
& research: OTSR 2014; 100 (4): 403-8. doi:10.1016/j.
otsr.2014.03.014.

31.  Maynard LM, Sauber TJ, Kostopoulos VK, Lavigne GS, 
Sewecke JJ, Sotereanos NG. Survival of primary condy-
lar-constrained total knee arthroplasty at a minimum of 7 
years. The Journal of arthroplasty 2014; 29 (6): 1197-201. 
doi:10.1016/j.arth.2013.11.018.

32.  McAuley JP, Engh GA. Constraint in total knee arthro-
plasty: when and what? The Journal of arthroplasty 2003; 18 
(3 Suppl 1): 51-4. doi:10.1054/arth.2003.50103.

33.  Morgan H, Battista V, Leopold SS. Constraint in primary 
total knee arthroplasty. The Journal of the American Acad-
emy of Orthopaedic Surgeons 2005; 13 (8): 515-24.

34.  Nilsdotter AK, Toksvig-Larsen S, Roos EM. Knee ar-
throplasty: are patients’ expectations fulfilled? A pro-
spective study of pain and function in 102 patients with 
5-year follow-up. Acta orthopaedica 2009; 80 (1): 55-61. 
doi:10.1080/17453670902805007.

35.  Nunez M, Lozano L, Nunez E, Segur JM, Sastre S, Macule 
F, Ortega R, Suso S. Total knee replacement and health-
related quality of life: factors influencing long-term out-
comes. Arthritis and rheumatism 2009; 61 (8): 1062-9. 
doi:10.1002/art.24644

36.  Parratte S, Pagnano MW. Instability after total knee arthro-
plasty. Instructional course lectures 2008; 57: 295-304.

37.  Parratte S, Pagnano MW. Instability after total knee ar-
throplasty. The Journal of bone and joint surgery American 
volume 2008; 90 (1): 184-94.

38.  Puloski SK, McCalden RW, MacDonald SJ, Rorabeck CH, 
Bourne RB. Tibial post wear in posterior stabilized total 
knee arthroplasty. An unrecognized source of polyethylene 
debris. The Journal of bone and joint surgery American vol-
ume 2001; 83-A (3): 390-7.

39.  Ramappa M. Midflexion instability in primary total knee 
replacement: a review. Sicot-J 2015; 1: 24. doi:10.1051/
sicotj/2015020.

40.  Samiezadeh S AM, D’Lima DD, Backstein D. Rotating 
Hinge Versus Constrained Condylar Knee Replacement: 

Which One Is Actually More Constrained?A finite ele-
ment study. Presented at: American Academy of Orthopae-
dic Surgeons Annual Meeting; March 11-15, 2014; New 
Orleans, LA

41.  Scott CE, Howie CR, MacDonald D, Biant LC. Pre-
dicting dissatisfaction following total knee replacement: 
a prospective study of 1217 patients. The Journal of bone 
and joint surgery British volume 2010; 92 (9): 1253-8. 
doi:10.1302/0301-620X.92B9.24394.

42.  Sculco TP. Total condylar III prosthesis in ligament instabil-
ity. The Orthopedic clinics of North America 1989; 20 (2): 
221-6.

43.  Sharkey PF, Hozack WJ, Booth RE, Jr., Balderston RA, 
Rothman RH. Posterior dislocation of total knee arthro-
plasty. Clinical orthopaedics and related research 1992; 278: 
128-33.

44.  Touzopoulos P, Drosos GI, Ververidis A, Kazakos K. Con-
strained Implants in Total Knee Replacement. Surgical 
technology international 2015; 26: 307-16.

45.  Vince K. Mid-flexion instability after total knee arthro-
plasty: woolly thinking or a real concern? The bone & joint 
journal 2016; 98-B (1 Suppl A): 84-88. doi:10.1302/0301-
620X.98B1.36445.

46.  Vince KG, Abdeen A, Sugimori T. The unstable total knee 
arthroplasty: causes and cures. The Journal of arthroplasty 
2006; 21 (4 Suppl 1): 44-49. doi:10.1016/j.arth.2006.02.101

47.  Ye CY, Xue DT, Jiang S, He RX. Results of a Second-gener-
ation Constrained Condylar Prosthesis in Complex Primary 
and Revision Total Knee Arthroplasty: A Mean 5.5-Year 
Follow-up. Chinese medical journal 2016; 129 (11): 1334-
9. doi:10.4103/0366-6999.182845

Received: 23 April 2017
Accepted: 15 May 2017
Correspondence:
Paolo Adravanti, MD, 
Casa di Cura “Città di Parma” 
Piazzale Athos Maestri, 5, 43100 Parma, Italy
E-mail: info@paoloadravanti.com

18-adravanti.indd   117 06/06/17   10:30


