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Guided-motion hinged knee replacement 
prosthesis: early survival rate and postoperative 
patient function and satisfaction

Background: Literature on the survival rates and function of hinged total knee 
replacement (HTKR) prostheses is scarce, and to our knowledge there is not yet any 
published literature on the Legion HK Hinge Knee Replacement prosthesis 
(Smith & Nephew) with guided-motion articulation. The objective of this study was 
to establish the early survival rate of this modern HTKR at a single institution and to 
investigate postoperative patient function and satisfaction.

Methods: This retrospective study included patients who received the Legion 
HTKR prosthesis with guided-motion inserts as a primary or revision implant 
between October 11 and March 2016 at a tertiary care centre in Manitoba, Canada. 
Preoperative and postoperative functional scores on the 12-item Oxford Knee Score 
and postoperative patient satisfaction were assessed.

Results: Thirty-nine HTKR implantations (38 patients) were included in this 
study: 12 primary cases and 27 revision cases. Three revision surgeries and 4 periop-
erative complications were noted at a mean follow-up of 29.1 months. The 2-year 
survivorship of the HTKR system was 90.7%. Postoperative functional scores 
improved significantly and the majority of patients were satisfied or very satisfied at 
all follow-up time points.

Conclusion: The early survival rate of a modern guided-motion HTKR 
prosthesis is similar to the survival rates of other hinged knee prostheses 
published in the literature. The prosthesis demonstrated substantial postoperative 
functional improvement when used in the setting of complex primary or revision 
total knee replacement.

Contexte  : Il existe peu d’études sur le taux de survie et la fonction des prothèses 
totales de genou (PTG) à charnière, et, à notre connaissance, il n’y a pas encore 
d’étude publiée sur la prothèse Legion HK Hinge Knee (Smith & Nephew), qui 
guide le mouvement de l’articulation. Cette étude visait à déterminer le taux de survie 
à 2 ans de cette PTG à charnière moderne dans un seul établissement et à évaluer la 
fonction du genou et la satisfaction des patients après l’opération.

Méthodes  : Cette étude rétrospective portait sur des patients qui avaient reçu la 
PTG Legion HK guidant le mouvement lors d’une première opération ou d’une 
chirurgie de révision entre octobre 2011 et mars 2016 dans un centre de soins ter-
tiaires du Manitoba, au Canada. On a évalué la fonction préopératoire et postopéra-
toire du genou à l’aide du score Oxford d’évaluation du genou à 12 questions ainsi que 
la satisfaction des patients après l’opération. 

Résultats : Trente-neuf arthroplasties totales du genou (38 patients) ont été retenues 
pour l’étude : 12 cas de première opération et 27 chirurgies de révision. En tout, 
3 chirurgies de révision et 4 complications périopératoires ont été notées lors d’une 
consultation de suivi se déroulant en moyenne à 29,1 mois. Le taux de survie à 2 ans 
de la PTG à charnière Legion HK était de 90,7 %. Les scores de fonction du genou se 
sont grandement améliorés après l’opération, et la majorité des patients se sont dit 
satisfaits ou très satisfaits lors de tous les suivis. 

Conclusion : Le taux de survie d’une PTG à charnière moderne guidant le mouve-
ment est similaire à celui des autres prothèses à charnière étudiées dans la littérature. 
La prothèse a permis une amélioration fonctionnelle importante après l’opération 
lorsqu’elle était utilisée dans le cadre d’une première arthroplastie totale du genou 
complexe ou d’une chirurgie de révision. 
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A hinged total knee replacement (TKR) prosthesis is 
a joint replacement device in which the medial and 
lateral collateral ligaments are supplanted by a 

hinge mechanism between the femoral and tibial com
ponents. The purpose of these specialized TKR devices is 
to restore knee function to patients with substantial knee 
soft-tissue defects, including those with ligamentous 
instability and those who have had large amounts of tissue 
resected during tumour removal. Hinged TKR (HTKR) 
designs coupled with additional mechanical support may 
also be required in cases of excessive bone loss.

Early HTKR designs used a fixed hinge with fully con-
strained movement of the knee joint that only allowed flex-
ion and extension motions, creating a high amount of 
shear and rotational stress on the prosthesis. These 
increased forces were transmitted to the bone–prosthesis 
interface and are theorized to have increased the likelihood 
of early failure because of aseptic loosening.1 Newer sys-
tems rotationally decouple the prostheses to reduce this 
risk. In general, HTKR designs are used in cases of severe 
collateral ligament attenuation or absence when a con-
strained condylar design will not provide adequate stabil
ization. Constrained condylar designs also have severe 
rotational constraint, leading to concerns similar to those 
noted with early hinged knee designs and premature pros-
thesis failure.2 Modern HTKR devices are now being used 
not only for salvage procedures but also for more complex 
primary and revision arthroplasty cases.3–5

With the increasing demand for primary and revision 
TKR in North America, along with the increasing applica-
bility of HTKR devices, clinical study of these prostheses is 
becoming more important.6 Information on survivorship 
and functional outcomes of modern HTKR devices is lim-
ited as these prostheses have traditionally been used in 
highly complex or salvage cases. The studies published to 
date on HTKR have relatively small sample sizes and the 
results tend to be somewhat inconsistent among centres.7,8

The Legion HK Hinge Knee Replacement device 
(Smith & Nephew) is a modern HTKR prothesis designed 
to more closely match the original knee anatomy and to 
more fully restore normal knee function. The system 
incorporates a rotating hinge mechanism alongside a 
medial pivot with a lateral rollback design to replicate 
more natural kinematics and allow for screw home rotation 
of the knee upon extension through the use of “guided 
motion” inserts.9 Further, the design is such that a 
reported 96% of the joint load is applied to the condylar 
surfaces, thereby removing stresses from the hinge mech
anism and improving the wear characteristics of the 
device.10 To our knowledge, no published clinical data are 
currently available on this system.

The purpose of this study is first to establish the early 
survival rates of the Legion HTKR device with guided-
motion inserts and to compare these with published data 
on the survival rates of other hinge prostheses. Second, this 

study aims to evaluate improvement in patient function 
following implantation of the HTKR device.

Methods

A retrospective database review was initiated at the Con-
cordia Hip & Knee Institute to study outcomes of HTKR. 
Ethical approval for this study was granted by the 
University of Manitoba Bannatyne Research Ethics Board 
and Concordia General Hospital Research Ethics Board. 
Patient consent was obtained through the institution’s 
research database consenting process before surgery. The 
study included consenting patients who received the 
Legion HTKR prosthesis with guided-motion inserts as a 
primary or revision implant between October 2011 and 
March 2016. Indications for use of the HTKR prosthesis 
in both the primary and revision setting were incompe-
tence of the medial collateral ligament and/or severe 
uncorrectable collateral ligament imbalance. All proced
ures were performed by fellowship-trained, high-volume 
arthroplasty surgeons.

The standard surgical technique for all cases included 
complete removal of failed components or adequate resec-
tion of bone in the case of primary hinge use. Proximal tib-
ial and distal femoral cleanup cuts were referenced off of 
reamers. The tibia was addressed first, followed by the 
femur. Augments and/or offset couplers were used where 
appropriate to deal with bone loss and optimize joint line 
height and prosthesis positioning. The implants were 
cemented in the metaphyseal region. In most cases, dia
physeal engaging press-fit splined titanium stems were 
used. Cemented stems were used in selected cases because 
of bone morphology issues.

Routine follow-up occurred at 6 weeks, 6 months, 
1 year, 2 years and every 2 years thereafter. These appoint-
ments served as observation points in the survival analysis 
to confirm implant survival. Complications and revision 
events following HTKR implantation were identified 
through chart review. Revision surgery where 1 or more of 
the implants was altered was labelled as a failure event and 
the date of revision acted as the observation point for the 
survival curve. Prothesis survivorship rates were deter-
mined using a Kaplan–Meier plot.

Available data for patient-reported outcome measures 
were compiled, including the 12-item Oxford Knee Score 
(OKS)11 and a 5-point scale assessing patient satisfaction. 
Data for patient-reported outcome measures were included 
only for patients with a minimum of 6 months of follow-up. 
Change in OKS score from the preoperative to postopera-
tive time points was evaluated using a paired Student t test. 
Patient satisfaction was simplified to “satisfied” (satisfied and 
very satisfied), neutral and “unsatisfied” (unsatisfied and very 
unsatisfied) categories to facilitate statistical analyses. The 
Fisher exact test was used to evaluate differences in patient 
satisfaction between follow-up periods. Pearson correlation 
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analyses evaluated relationships between patient demo-
graphic data, satisfaction and OKS scores. SAS version 9.3 
(SAS Institute Inc.) was used for all statistical analyses, and 
significance was set at p < 0.05. Zero-numerator 95% confi-
dence intervals (CIs) were calculated using this formula:12 

95% CI equals 1 minus the nth root of 0.05.

Results

Patients

A total of 38 patients (39 implantations) were identified as 
having received an HTKR prosthesis between October 
2011 and March 2016. Of the 39 procedures, 27 were 
revision procedures and 12 were primary procedures. 
Owing to loss to follow-up within the group, 34 of the 
39 cases contributed to survival data at 1 year and beyond, 
and 31 contributed to survival data at 2 years and beyond. 
The majority of patients were women (71.8%) with a 
group mean age of 69 years (range 51–92 yr). Among the 
27 revision cases, the indications for revision surgery were 
instability (17), infection (4), aseptic loosening (4) and 
combined instability and aseptic loosening (2). In all cases 
involving primary procedures, a hinged component was 
selected to manage medial collateral ligament incompe-
tence secondary to the following conditions: degenerative 
arthritis with severe deformity (6 knees), inflammatory 
arthritis (2 knees), severe degenerative arthritis with post-
polio syndrome (2 knees), Charcot arthropathy (1 knee)
and postinfectious arthritis (1 knee).

Complications

Survival rates for all HTKR protheses in this study at 1 
and 2 years were 94.4% (95% CI 79.2%–98.6%) at 1 year 
and 90.7% (95% CI 73.6%–97.0%) at 2 years (Fig. 1). 
Three patients in this cohort experienced failure of their 
HTKR prosthesis; all of these patients had received the 
prosthesis in a revision procedure. Accordingly, survival 
for the revision HTKR protheses was 91.6% (95% CI 
70.5%–97.9%) and 85.9% (95% CI 61.8%–95.3%) at 
1 and 2 years, respectively (Fig. 2), whereas survival for 
the primary HTKR protheses was 100% (95% CI 76.1%–
100%) at 1 year and 100% (95% CI 71.7%–100%) at 
2 years. The first HTKR failure resulted from implanta-
tion of an undersized femoral component because the 
appropriate size was not available at the time of surgery 
(Fig. 3A, Fig. 3B). The patient’s joint line was subse-
quently elevated. Combined with an inadequate lateral 
trochlear ridge height, this resulted in recurrent patellar 
dislocations and functional deficit. Revision was per-
formed 7 months after the index procedure (Fig. 3C, 
Fig. 3D). The second failure was due to a periprosthetic 
joint infection 23 months after surgery, probably as a result 
of a massive soft tissue defect to the anterior leg from an 

acute traumatic event. The third failure was at 22 months 
after surgery following a mechanical fall. This caused loos-
ening of the hinge locking bolt, and the patient experi-
enced patellar subluxation and end extension impingement.

Complications occurred in 7 patients (18%), 3 of whom 
were considered to have had failed implantations because 
they underwent revision surgery as previously described. 
The patient who underwent revision surgery for the 
undersized femoral component also underwent a medial 
capsule repair 2 months after the index procedure. No 
components were revised during this procedure. Two 
additional patients sustained disruption of their extensor 
mechanism and required further surgery for repair. One 
patient experienced a periprosthetic fracture of the prox
imal tibia after implantation. This was treated by open 
reduction and internal fixation with a proximal tibial lock-
ing plate 2 weeks after the index procedure.

Fig. 1. Kaplan–Meier survival curve for all hinged total knee 
replacement prostheses up to the maximum follow-up of 
71 months.
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Fig. 2. Kaplan–Meier survival curve for revision hinged total 
knee replacement protheses up to the maximum follow-up of 
71 months.
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Patient-reported outcome measures

Data for patient-reported outcome measures at a min
imum of 6 months follow-up were compiled for 
30 patients. The data for the 3 patients who experi-
enced failures were excluded, and 5 patients did not 
return to the clinic for follow-up. The mean follow-up 
duration for these 30 patients was 29.1 months (range 
1.4–62.9 mo). Group mean OKS scores improved sig-
nificantly from the preoperative time point to the 
6-month, 1-year and 2-year postoperative time points 
(Table 1). The majority of patients were either satisfied 
or very satisfied with their HTKR prosthesis at 
6 months (63%), 1 year (50%) and 2 years (52%) 
(Table 2). No significant difference in satisfaction was 
detected between 6 months and 1 year or 2 years (p = 
0.5 and 0.8, respectively).

Preoperative OKS scores were strongly correlated 
with 6-month, 1-year and 2-year postoperative scores (r = 
0.82, p < 0.001; r = 0.65, p = 0.012; r = 0.62, p = 0.024, 
respectively), calculated using Pearson correlation analy-
sis, indicating that patients with higher preoperative 
function typically regained higher function following 
HTKR implantation.13 Postoperative OKS scores were 
correlated with patient satisfaction at 6 months, 1 year 
and 2 years postoperatively (r = 0.77, p < 0.001; r = 0.68, 
p = 0.002; r = 0.57, p = 0.028, respectively), indicating that 
patients with good function following surgery were gen-
erally satisfied with their joint replacement. There were 
no differences in OKS scores between patients who 
underwent the procedure in a primary versus a revision 
setting at any point in follow-up (p > 0.39). In addition, 
there was no correlation between OKS scores and age, 
body mass index and sex. Mean flexion arc was 98° (stan-
dard deviation [SD] 22°) preoperatively, with means of 
109° (SD 15°), 107° (SD 13°) and 110° (SD 16°) at 6, 12 
and 24 months postoperatively, respectively.

Discussion

The HTKR system with guided-motion inserts used in 
this study is a modern hinged knee replacement option for 
patients with significant soft tissue dysfunction at the 
knee. The overall revision rate in this study was 7.7% 
(3 of 39 implantations) with a 2-year survival rate (for 
nonrevision implants) of 90.7% in the 31 patients with 
more than 2 years of data. These results are comparable 
with the findings of other studies of HTKR protheses. 
One recent study looked at mixed primary and revision 
hinge use and reported a revision rate of 11.5% at a mean 
of 46 months.14 Bistolfi and colleagues reported 93% 
implant survival at 2 years and 79% at 5 years.15 Guenoun 

Fig. 3. (A, B) Patient with an undersized femoral component for the hinged total knee replacement prosthesis and subluxating patella. 
(C, D) Revised femoral component for the hinged total knee replacement prosthesis. 

Table 1. Scores on the Oxford-12 Knee Score instrument for 
patients who received a guided-motion hinged total knee 
replacement prothesis

Time point
No. of 

patients Score, mean (range) p value*

Preoperative 23 16.9 (2–46)

Postoperative

    6 mo 24 28.1 (11–47) < 0.001

    1 yr 24 30.1 (9–48) < 0.001

    2 yr 22 27.8 (6–47) < 0.001

*Calculated by t test performed between preoperative and postoperative time point.

Table 2. Patient-reported satisfaction following implantation 
of a guided-motion hinged total knee replacement prothesis

Time point

Total no. 
of 

patients

No. (%) of patients; satisfaction

Satisfied Neutral Unsatisfied

Postoperative

    6 mo 19 12 (63) 3 (16) 4 (21)

    1 yr 22 11 (50) 7 (32) 4 (18)

    2 yr 21 11 (52) 5 (24) 5 (24)
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and colleagues reported 89% implant survival at a mean of 
36 months.16 Similarly, the complication rate reported in 
this study of 18% (7 of 39, including 3 failures) is within 
the range of rates reported in the literature of 9.2% at 
2 years,8 28% at 36 months and 36% at 5 years.15

No revisions of primary HTKR cases were performed 
during the study period. This high success rate aligns well 
with survival rates reported in the literature for use of 
hinged TKRs in primary procedures: 96.8% survival at 
5 years3 and 95% survival at 6 years.17 Although there has 
been no statistical difference in the failure rates of hinged 
TKR done in primary versus revision settings, there 
appears to be a trend toward increased failure among 
patients who undergo revision procedures.18 This is prob
ably secondary to the generally increased complexity of the 
revision group as these patients tend to have reduced bone 
stock and compromised soft tissues that have resulted in 
previous failures of prostheses.

This study demonstrated a significant improvement in 
patient-reported function after surgery. There was a differ-
ence of 14.0 points on the OKS scale at 1 year after sur-
gery. In keeping with other studies, we found that a 
patient’s preoperative OKS score strongly predicted their 
postoperative score. Improvement in function was associ-
ated with postoperative patient satisfaction. The majority 
of our patients were either satisfied or very satisfied with 
their HTKR prosthesis at all follow-up time points. We 
were unable to determine if the guided motion of the 
insert design had a discernible impact on the clinical out-
comes achieved.

Of the 3 revisions that occurred in our study sample, 
2 involved an element of patellar instability. The guided-
motion design of the protheses we used is intended to bet-
ter replicate the internal rotation of the tibia as the knee 
flexes. In both cases, there were mechanical alterations that 
predisposed the knee to patellar instability (undersized 
femoral component and component impingement/altered 
alignment, respectively). Unlike most modern hinged knee 
designs with almost unlimited rotation, the studied design 
is linked and has a maximum of 18° of rotation. Although 
highly rotationally constrained devices are at increased risk 
of failure, there is no consensus on the degree of rotational 
freedom required for a hinged design.1 It is unclear if the 
rotational freedom of the hinged design could have con-
tributed to the failure mechanism in these 2 cases.

Limitations

There are a number of limitations to this study. The rela-
tively short duration of follow-up prevented us from 
commenting on prothesis performance beyond the initial 
2 years after implantation. It has, however, been docu-
mented that infection, aseptic loosening and mechanical 
failure occur most frequently within 2 years after implan-
tation.19–21 The second limitation is the retrospective 

nature of the study. Although the data were collected 
prospectively as part of a larger clinical research database, 
there is a greater potential for missing data and loss to 
follow-up in this type of study than in a dedicated pro-
spective trial. This may have contributed to underreport-
ing of complications, resulting in the study having a rela-
tively lower complication rate than reported by other 
authors. Additionally, some patients declined to provide 
responses to portions of the patient-reported outcome 
measures, such as questions relating to satisfaction. This 
could have led to overestimation of the satisfaction data if 
less satisfied patients were more likely to withhold their 
responses. Moreover, the data set for this study is rela-
tively small at 38 patients (39 cases). The limitations of 
the small sample size are exacerbated in the subgroup 
analysis of revision and primary surgeries. Given the rela-
tive infrequency with which hinged protheses are used 
and the relatively short time that this product has been 
available, these issues were unavoidable. Nonetheless, this 
sample is similar in size to the samples in several other 
studies assessing HTKR.14,22,23 In addition, there is a risk 
that 1 or more of the 5 patients lost to follow-up could 
have undergone a revision at another centre. Although 
this would have resulted in an overestimate of the survival 
rate, the scenario is unlikely given the relative geographic 
isolation of the tertiary care arthroplasty centre where the 
study was completed. The selection of revision of 1 or 
more protheses as the definition of failure of survival is in 
keeping with other reported studies.3 It does, however, 
potentially lead to underreporting of failure owing to 
patients unable or unwilling to undergo further surgery in 
the face of a clinical failure. Although we are not aware of 
any clinical failures for which the patients have not gone 
on to surgery, this methodology has the potential to create 
bias in the data. Because some patient-reported outcome 
data were not available, we have reported improvement in 
these scores as the difference between the group mean at 
preoperative and postoperative time points instead of cal-
culating improvement for each patient and taking the 
mean of these values. Comparison of group means is not 
ideal, but it provides a reasonable measure for overall 
group function, which in our study demonstrates 
improvement from the preoperative state. The missing 
patient-reported outcome data limit the extrapolation that 
can be done for the clinical outcome measures reported.

Conclusion

To our knowledge, this is the first clinical study report-
ing the survival and clinical outcomes of a modern 
HTKR system with guided-motion articulation. The 
system appears to be a suitable alternative for ligamen-
tous, soft tissue and bony deficiencies in both primary 
and revision surgery. This study shows no immediate 
concerns with its use; it was not possible to assess longer 
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term performance because this system has only recently 
become available. The findings for the HTKR system 
studied in this report were consistent with published sur-
vivorship and functional improvement rates for other 
HTKR designs. It is unclear what role the guided-
motion design of the bearing surface plays in the out-
come, and further study is recommended.
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