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a b s t r a c t

Background: The use of computer assisted joint replacement has facilitated precise intra-

operative measurement of knee kinematics. The changes in “screw home mechanism”

(SHM) resulting from Total Knee Arthroplasty (TKA) with different prostheses and con-

straints has not yet been accurately described.

Methods: A pilot study was first completed. Intraoperative kinematic data was collected two

groups of 15 patients receiving different prostheses.

Results: On average, patients lost 5.3� of ER (SD ¼ 6.1�). There was no significant difference

between the prostheses or different prosthetic constraints.

Conclusions: There significant loss of SHM after TKA. Further research is required to un-

derstand its impact on patient function.

Copyright © 2015, Professor P K Surendran Memorial Education Foundation. Publishing

Services by Reed Elsevier India Pvt. Ltd. All rights reserved.
1. Introduction

Osteoarthritis (OA) of the knee affects 12.5% of the population

aged 45 years or over.1 Total Knee Arthroplasty (TKA) is the

definitive treatment once less invasive modalities have been

explored. TKA successfully relieves pain and corrects func-

tional abnormalities associated with severe OA of the knee.2,3

While good results are usually reported, it has been found that

only 70e84% of TKA patients are satisfied with the function of
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their prostheses for activities of daily living.4 At one year or

more post-TKA, 72% of patients have limited ability to kneel,

75% are limited in squatting and 54% experience limited

ability to garden.5 These issues may be attributable to pros-

thesis kinematics not matching those of a natural knee.6

The two major variations in TKA constraint are Cruciate

Retaining (CR) and Posterior Stabilized (PS). The Australian

Joint Replacement Registry 2010 Annual Report demonstrates

that PS knees are used in 23% of Total Knee Replacements
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Fig. 1 e A snapshot from the computer navigation system

showing how the data was collected.
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performed in Australia.7 Variations in constraint and design of

implants result in changes to knee kinematics. While neither

design reproduces normal knee kinematics,8e10 it has been

shown that PS designs more closely resemble the natural ki-

nematics of the knee with regard to femoral “roll back”.11 It

has also been well documented that patients who receive PS

designs gain a greater degree of flexion, which is statistically

significant but of uncertain clinical significance.12 The intra-

operative effect of TKAs on the SHM has not yet been exam-

ined in detail. Research suggests that the SHM relies on the 4-

bar linkage system in the knee, which requires functioning

anterior and posterior cruciate ligaments.13 Arthritis of the

knee causes changes in the path of motion and joint laxity.6

One would anticipate that these changes persist post TKA,

even with appropriate component alignment and balance.

These changes should particularly affect tibial internal-

external rotations and anterior-posterior translations, across

the range of knee flexion-extension. Variations in this axial

rotation may contribute to patient dissatisfaction post TKA.

The recent introduction of computer navigation has allowed

for detailed intraoperative analysis of knee kinematics,

enabling prosthetic implants to be examined precisely.6

It has been suggested that reproducing natural knee kine-

matics post TKA will increase patient satisfaction, rehabili-

tation and extensor functionwhilst improving the longevity of

the implant itself.14 The aim of this study is to examine the

kinematics of OA and post-TKA knees with respect to SHM,

and to compare the impact of different prostheses and levels

of prosthetic constraint. We hypothesised that SHM would

decrease post TKA and that PS knees would more closely

resemble their pre-operative counterparts than CR knees.
2. Materials and methods

The inclusion and exclusion criteria for this study are shown

in table one (Table 1). Initially a retrospective review was

performed on 50 patients (54 knees) undergoing navigated

TKA with Cruciate Retaining Genesis II prostheses. This

sample group included 26 females (mean age 67 years) and 24

males (mean age 65 years). All patients underwent the pro-

cedure using Orthosoft V.2.1 software (Zimmer, Wasaw,

Indiana). The total ER of the tibia relative to the femur was

determined during intraoperative extension (from 90� flexion
to maximum extension) using the computer navigation sys-

tem (see Fig. 1). Total average ER of the pre-operative knees

was compared to the ER post-operatively using a paired two

tailed sample t-test and SPSS V.16 software. For the purposes

of this review a p value of <0.05 was considered to be statis-

tically significant.
Table 1 e Inclusion and exclusion criteria for study participati

Inclusion criteria

1. Patient presents with osteoarthritis, requiring total knee replacement.

2. Patient is receiving the surgeon's standard PS or CR prosthesis.

3. Patient has given appropriate consent.
Subsequent to the retrospective review, detailed rotational

data was collected to allow comparison between two different

prostheses and different levels of prosthetic constraint. This

analysis was performed on two groups of 15 patients, each

group consisted of patients whomet the inclusion criteria and

received consecutive operations. One group received Genesis

II prostheses (Smith and Nephew, Memphis, Tennessee) and

the other received the Scorpio NRG (Stryker, Mahwah, New

Jersey). The Genesis II group underwent the procedure with

the aid of Orthosoft V.2.1 navigation system (Zimmer, War-

saw, Indiana), and the Scorpio NRG procedures were per-

formed with the aid of Precision Navigation V.4.0 (Stryker,

Mahwah, New Jersey). In both series, the navigation equip-

ment (and rotational axis) was calibrated using the same

landmarks (centre of hip, centre of ankle, posterior femoral

condyles, tibial plateau and anterior tibial eminence). Once

the navigation landmarks were identified, tibial rotation was

then recorded at 0�, 15�, 30�, 60� and 90� flexion. Care was

taken to avoid axial rotation or any additional torque forces by

the surgeon when recording values. If full extension was not

possible pre operatively, the rotation in maximal extension

was recorded. Tibial rotation at 90� flexion was the baseline

for internal-external rotation measurements and hence was

considered to be 0�ER in all cases. The initial measurements

were made prior to replacement (representative of the pre-

operative knee). Once the final tibial and femoral components

were cemented in situ, the measurements were then repeated
on.

Exclusion criteria

1. Patient has an active, local infection or systemic infection.

2. Patient has grade 3 collateral ligament insufficiency.

3. Patient has knee flexion <90�.
4. Patient has fixed flexion deformity >15�.
5. Patient has an inflammatory arthropathy.
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with a Cruciate Retaining (CR) trial polyethylene insert in

place and then again with the final Posterior Stabilized (PS)

polyethylene insert.

Once the data was collected and collated for each individ-

ual group it was analysed using SPSS V.16 software to perform

paired two tailed sample t-tests. The total loss of rotation for

the Genesis II and Scorpio groupswas then compared using an

independent t-test. A p value of < 0.05 was considered sig-

nificant. The study was approved by the South Eastern Area

Health Service institutional review committee.
Fig. 3 e Box-plot of ER profile for CR Genesis II group.

3. Results

The retrospective review showed that, on average, total ER

was 14.9� (SD ¼ 6.0�) prior to undergoing the TKA. With the

components in situ, using the CR Genesis II system the average

total ER when the knee was extended was 8.2� (SD ¼ 6.1�),
demonstrating an average loss of 6.7� ER (SD ¼ 5.5�, p < 0.001).

In the prospective groups, the Genesis II pre-operative

group demonstrated an average total ER during extension of

16.1� (SD ¼ 4.4�) (Fig. 2). The CR group retained 8.6� (SD ¼ 5.2�)
(Fig. 3) and the PS group retained 8.3� (SD ¼ 5.6�) (Fig. 4). The
difference between pre-operative and post-operative groups

was statistically significant (CR group p < 0.001 and PS group

p < 0.001). However there was no significant difference be-

tween the CR and PS groups (p ¼ 0.477).

The Scorpio NRG prosthesis showed similar results with

average ER of the pre-operative knees was 8.3� (SD ¼ 4.6�)
(Fig. 5) and the ER in CR and PS groups was 1.1� (SD ¼ 5.8�)
(Fig. 6) and 0.7� (SD ¼ 5.0�) (Fig. 7) respectively. There was a

significant difference between the pre-operative and post-

operative results using CR (p ¼ 0.02) and PS (p ¼ 0.01) TKA,

but no significant difference when the CR and PS groups were

compared to each other (p ¼ 0.75). Of note, the average loss of

ER in terminal extension was not significantly different when

comparing the Genesis II prosthesis with the Scorpio NRG

(p ¼ 0.08).
4. Discussion

This study confirms our hypothesis that patients who have

undergone TKA experience significant loss of the SHM. This is

consistent with other studies and, as suggested in the
Fig. 2 e Box-plot of ER profile for pre-operative Genesis II

group.
literature, this is likely to be a consequence of both the

resection of the ACL and the design of the implant.2,15 We also

found no significant difference between different prostheses

or levels of prosthetic constraint in this regard.

The limitations of this study include the fact that the SHM

is a dynamic movement which results from both the physical

structure of the knee and muscular involvement. Conse-

quently, measuring SHM in a passive model is challenging.

The rotational measurements obtained by computer naviga-

tion are also impacted by the forces applied by the surgeon's
hands. Additionally, the SHM varies significantly between

patients so comparison between relatively small groups is

difficult. As such, it was felt that the use of a crossover study

was appropriate, despite the need to assess the CR prostheses

after PCL resection with trial components only. The authors

felt that this CR measurement should be included in analysis

because it may provide an approximation of CR prostheses

kinematics. This was because research has demonstrated that

the function of the PCL in controlling knee rotation is often

compromised post-TKA.16 The SHM is known to be reduced in

arthritic knees.2,6 Ideally, a study of knee kinematics would

directly compare post-operative knees to healthy knees.

However, such a study would be very difficult to perform.

Detailed research on the changes to knee kinematics post

TKA is vital for future improvements in prosthetic design.

Many studies have focused onmovement in the sagittal plane;

however few have documented the changes in rotational ki-

nematics. It has been shown that post-TKA patients
Fig. 4 e Box-plot of ER profile for PS Genesis II group.
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Fig. 5 e Box-plot of ER profile for Pre-operative Scorpio

group.

Fig. 6 e Box-plot of ER profile for CR Scorpio NRG group.

Fig. 7 e Box-plot of ER profile for PS Scorpio NRG group.
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experience changes in swing patterns and sagittal movement

patterns.17 It is not known to what degree the loss of rotation

in terminal extension contributes to this and how these

changes impact on functionality post-TKA.
5. Conclusion

Our study shows that knees lose SHM after TKA using the

Genesis II and Scorpio NRG systems when compared to pre-
operative arthritic knees. This was independent of PS or CR

design. Further research to validate these findings and deter-

mine clinical significance may lead to improvements in

prosthetic design, and consequently improve patient

satisfaction.
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