
There has been a controversy regarding the selection of 
prosthesis during total knee arthroplasty (TKA): preserva-
tion versus substitution of the posterior cruciate ligament 
(PCL). The cruciate-retaining (CR) prosthesis has been 
considered more advantageous in improving propriocep-
tion, reproducing physiologic knee biomechanics, and 
restoring femoral rollback because of the preservation 
of the native PCL.1-3) Thus, it has been suggested that the 
CR prosthesis could improve joint sensation and clinical 
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outcomes. Dorr et al.2) reported that the CR prosthesis was 
more efficient based on less muscle activity during gait in 
a dynamic electromyographic study. However, there are 
also studies with contrary results.4,5)

Clinical results of TKA are assessed in terms of the 
range of motion (ROM), the Knee Society score (KSS), 
the amount of pain with a visual analogue scale (VAS), 
patient’s preference, and the timing of straight leg raising 
in a relatively subjective manner. Alternatively, kinematic 
analysis, muscle strength testing, and gait analysis are also 
performed in postoperative assessment.6-8) In particular, 
dynamometry provides numeric data for objective assess-
ment of quadriceps strength.6,9-12)

Though there have been many comparative studies 
of the CR and posterior-stabilized (PS) prostheses, most 
of which used relatively subjective parameters13-15) except 
for a few studies evaluating objective parameters such as 
dynamometric muscle force.7,8) Bolanos et al.7) and Heyse 
et al.8) assessed quadriceps strength after TKA performed 
using the two types of prostheses for objective assessment 
of the postoperative outcomes. However, there were some 
limitations to these studies. In the former, patients with 
good or excellent knee scores were selectively included. 
Hence, the risk of selection bias was high. In the latter, the 
study was undertaken in vitro.8) Thus, the results should be 
verified in vivo.

There is a lack of well-designed prospective stud-
ies comparing quadriceps recovery after CR-TKA and 
PS-TKA. Therefore, we undertook a prospective study 
designed to objectively compare quadriceps recovery after 
CR-TKA and PS-TKA based on consecutive dynamomet-
ric assessment of the quadriceps force. Considering the 
aforementioned advantages of the CR prosthesis, such as 
better physiologic function and efficiency,2) it was hypoth-
esized that CR-TKA would produce better quadriceps 
recovery than PS-TKA in terms of the objective dynamo-
metric results. The purpose of this study was to investigate 

whether CR-TKA would result in (1) better quadriceps 
recovery; (2) a greater proportion of patients with beyond 
the preoperative level of quadriceps strength; and (3) bet-
ter clinical outcomes than PS-TKA during the 6-month 
follow-up period.

METHODS

One hundred and two consecutive unilateral TKAs were 
evaluated in this study. The 102 knees were allocated into 
two groups. One group underwent CR-TKA (CR group) 
and the other group underwent PS-TKA (PS group). Pre-
operative and postoperative clinical data were collected 
prospectively. The study was designed as a prospective, 
nonrandomized comparative study. The study was ap-
proved by the Institutional Review Board of Kyung Hee 
University Hospital at Gangdong and informed patient 
consent was obtained. The only inclusion criterion was 
female patient with primary osteoarthritis of the knee in-
dicated for an arthroplasty. The exclusion criteria were a 
severe flexion contracture of more than 30°, less than 100° 
of ROM, more than 80 years of age, valgus deformity of 
the knee, and previous high tibial osteotomy. Patients were 
followed for more than 6 months postoperatively. The 
demographic data were similar between the two groups 
(Table 1).

All operations were performed through the midvas-
tus approach using the same technique by a single surgeon 
(KIK). All prostheses were implanted with bone cement 
and CR or PS prostheses were used in each group. The 
implants used were Triathlon (Stryker Orthopaedics, Mah-
wah, NJ, USA) in 57.8% and PFC sigma (DePuy Synthes, 
Warsaw, IN, USA) in 42.2%. CR prostheses were implanted 
in the knees with mild to moderate deformities (flexion 
contracture and varus deformity of less than 15°) and an 
intact PCL, whereas PS prostheses were inserted in the 
knees with more severe deformities and/or a deficient PCL.

Table 1. Preoperative Patient Demographics

Parameter CR group (n = 51) PS group (n = 51) p-value

Age (yr) 65.8 (51–78) 68.0 (53–79) 0.060

Body mass index (kg/m2) 28.1 (20.3–36.2) 28.1 (20.1–37.6) 0.986

Preoperative extension* (°) 7 (0–25) 9 (0–30) 0.137

Preoperative flexion (°) 135 (115–145) 132 (100–140) 0.091

Values are presented as mean (range).
CR: cruciate-retaining, PS: posterior-stabilized.
*Positive value means flexion contracture and negative value means hyperextension.
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Rehabilitation was started with continuous passive 
motion and active dangling exercises on the first postoper-
ative day. Partial weight bearing using crutches or a walker 
was allowed from the second postoperative day. Discharge 
was recommended on the seventh postoperative day. 

The knees were evaluated preoperatively and at 6 
weeks, 3 months, and 6 months postoperatively. Balti-
more Therapeutic Equipment (BTE Primus; BTE, Balti-
more, MD, USA) was used for an objective assessment 
of the quadriceps force at each follow-up. Prior to the 
dynamometric examination, patients were informed of 
the measurement protocol, and trials were conducted to 
verify patients’ understanding. For the BTE evaluation, the 
patient was seated on a chair and immobilized with straps. 
The fulcrum of the lever was aligned parallel to the lateral 
femoral condyle. Quadriceps force was measured during 
isometric contraction at 90° knee flexion. Three maximal 
isometric contractions were recorded for each knee. The 
examiner (KYC) reviewed the records and selected two 
closest values. The average of these two values was used 
for the analysis of quadriceps force. 

All postoperative radiographs were assessed for im-
plant position and overall alignment. At each follow-up, 
the ROM and KSS were recorded.

Statistics
The required sample size was calculated based on our pilot 
study. Assuming a two-sided type I error protection of 0.05 
and a power of 0.95, 42 cases in each group were required. 
Taking into account 10% follow-up loss and 10% discon-
tinuance of the dynamometric examination, 51 cases were 
collected in each group to obtain sufficient data for the 
analysis. There was no case lost to follow-up, so the final 
statistical analysis was based on 51 knees in each group.

Independent samples t-tests were used to compare 
variables including age and preoperative body mass in-
dex (BMI), ROM, KSS and quadriceps force between the 

groups. Analysis of covariance (ANCOVA) was performed 
to identify factors influencing the postoperative quad-
riceps force after removing the preoperative quadriceps 
force and age as covariates at each follow-up. Repeated 
measures analysis of variance (ANOVA) was conducted to 
verify the difference in quadriceps force, KSS, and ROM 
during the follow-up period between the groups. A chi-
square test was used to compare the proportion of patients 
with beyond the preoperative level of maximal quadriceps 
force at each follow-up. A p-value < 0.05 was considered 
statistically significant. 

RESULTS

The mean preoperative ROM was significantly greater in 
the CR group (p = 0.027). This was because patients with 
more severe arthritis of the knee were assigned to the PS-
TKA group. However, the mean difference was only about 
6°, and there was no notable intergroup difference with re-

Fig. 1. Bar graph showing the proportion of patients with beyond 
the preoperative level of quadriceps force. CR: cruciate-retaining, PS: 
posterior-stabilized.
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Table 2. Dynamometric Results of Quadriceps Force

Preoperative 6 Weeks 3 Months 6 Months

CR group (N) 148.0 ± 67.5 107.2 ± 44.9 129.5 ± 41.3 175.9 ± 47.4

PS group (N) 148.2 ± 63.9 105.4 ± 39.5 130.1 ± 43.8 160.5 ± 49.9

p-value
0.992* 0.811† - -

0.904‡

Values are presented as mean ± standard deviation.
CR: cruciate-retaining, PS: posterior-stabilized.
*Independent samples t-test. †Analysis of covariance (ANCOVA). ‡Repeated measures Analysis of variance (ANOVA). 
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gard to flexion contracture and further flexion separately. 
During the entire follow-up period, the objective quad-
riceps force did not show significant difference between 
the groups (Table 2). No significant intergroup difference 
could be found in the proportion of patients whose quad-
riceps force was recovered beyond the preoperative level 
(Fig. 1). Moreover, there were no differences between the 
two groups regarding the KSS and postoperative ROM 
(Tables 3 and 4, respectively). Although no statistical 
significance could be established, the mean age of the 
patients in the CR-TKA group was younger and the quad-
riceps force at postoperative 6 months was greater in the 

CR-TKA group. In spite of statistical insignificance, the 
proportion of patients with recovery of quadriceps force 
beyond the preoperative level was greater at 3 months and 
6 months postoperatively in the CR-TKA group. Only one 
significant finding from the ANCONA of the dynamomet-
ric evaluation is that the preoperative quadriceps strength 
would affect the postoperative quadriceps force regard-
less of the type of prosthesis (p < 0.001). There were no 
intraoperative complications or postoperative infections in 
either group. Radiographic analyses did not reveal any dif-
ferences in postoperative alignment between two groups. 

Table 4. Preoperative and Postoperative Range of Motion

CR group PS group
p-value

Mean ± SD Range Mean ± SD Range

Preoperative   129 ± 11 100–140 123 ± 12 100–140 0.027*

6 Weeks 129 ± 9 110–150 129 ± 10    95–145

> 0.05†3 Months 133 ± 8 120–150 130 ± 10 105–145

6 Months 133 ± 9 115–145 135 ± 7 115–145

CR: cruciate-retaining, PS: posterior-stabilized, SD: standard deviation.
*Independent samples t-test. †Repeated measures ANOVA (analysis of variance).

Table 3. Preoperative and Postoperative Knee Society Score

Score
CR group PS group

p-value
Mean ± SD Range Mean ± SD Range

Preoperative

    Knee 51 ± 14 16–88 46 ± 15   16–75 0.103*

    Function 53 ± 11 30–70 50 ± 14 25–80 0.334*

6 Weeks

> 0.05†

    Knee 90 ± 7 67–100 92 ± 6 70–100

    Function 56 ± 9 30–80 52 ± 16 20–85

3 Months

    Knee 95 ± 4 75–100 95 ± 4 83–100

    Function 72 ± 13 40–100 76 ± 13 35–100

6 Months

    Knee 97 ± 3 89–100 97 ± 3 86–100

    Function 86 ± 11 60–100 87 ± 10 60–100

CR: cruciate-retaining, PS: posterior-stabilized, SD: standard deviation.
*Independent samples t-test. †Repeated measures ANOVA (analysis of variance).
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DISCUSSION

The findings of the current study with serial follow-up 
of quadriceps recovery for the postoperative 6 months 
did not support our hypotheses. This might be explained 
with different points of view about the proprioception and 
femoral rollback. There is a diversity of opinion on the 
preservation versus substitution of the PCL.2,5,14,16,17) The 
CR prosthesis has been considered more advantageous in 
restoring proprioception.2,3) In stair climbing, enhanced 
proprioception from preservation of the PCL would fa-
cilitate better function. Some previous studies showed 
favorable results of CR-TKA, but comparable results of PS-
TKA have also been reported.1,7,16) Regarding the proprio-
ception, some authors reported there was no difference 
between the two types of prostheses.4,5) They suggested 
sensory denervation of the PCL begins early in arthritis 
and thus the prospect of repopulation and enhancement of 
mechanoreceptors is limited.4,5) One of the distinguishing 
features of the PS prosthesis is the presence of femoral cam 
and tibial post. The PCL in the CR prosthesis produces rel-
atively natural femoral rollback, whereas the cam and post 
system in the PS prosthesis replaces the PCL and creates 
femoral rollback. Such a posterior movement during knee 
flexion moves the contact point between the femur and 
the tibia posteriorly, resulting in a longer moment arm of 
the patella and the extensor mechanism.16,18) For extension 
of the knee, the moment provided by the patellar tendon 
and quadriceps is a main factor, hence the reliable femoral 
rollback is essential for efficient knee function. Since the 
physiologic femoral rollback similar to that of the natural 
knee is more feasible with the CR prosthesis, it has been 
regarded as more effective in enhancing functional recov-
ery.2,16) However, the paradoxical anterior femoral transla-
tion during flexion of the knee with a CR prosthesis was 
demonstrated in kinematic studies, which was proposed as 
a cause of worsening the effectiveness of the lever arm of 
the extensor mechanism.8,19,20) Due to these dynamic alter-
ations, greater quadriceps force would be needed during 
knee extension after CR-TKA.8,21,22) This can be inversely 
interpreted as the lengthening effect of the moment arm of 
the extensor mechanism by femoral rollback and the lower 
requirement of quadriceps force during extension in knees 
with a PS prosthesis.16,18) Proponents of the PS prosthesis 
have argued that rehabilitation could be achieved more 
easily after PS-TKA in this respect. 

In the current study, the results were similar with 
regard to the KSS and ROM as well as quadriceps recov-
ery between the two types of prostheses as in previous 
reports.13,14,17) Thus, our results could lend support to some 

previous reports. Although there was a risk of selection 
bias due to enrollment of patients with only good or ex-
cellent KSS or Hospital for Special Surgery (HSS) scores, 
Bolanos et al.7) reported results similar to those of the cur-
rent study. They investigated various parameters for the 
isokinetic muscle testing such as peak torque percent body 
weight, endurance, angle of peak torque, and torque accel-
eration energy for both quadriceps and hamstrings, which 
revealed no significant differences between the CR design 
and the PS design. Furthermore, there were no significant 
differences in gait analysis, ROM, and electromyographic 
waveforms during level walking and stair climbing. 

With regard to ROM, the femoral rollback mecha-
nism would result in posterior shift of the femur on the 
tibia and thus enhance posterior clearance during knee 
flexion.1,17) Consequently, this could contribute to the pre
vention of femorotibial impingement and achievement 
of a greater ROM. Also a controversy exists on this issue. 
Proponents of the PS prosthesis stated that constant re-
production of femoral rollback could result in superior 
ROM as shown in some studies.15,18) In addition, a recent 
meta-analysis showed a significant difference in knee 
flexion and ROM in favor of the PS prosthesis.23) How-
ever, these studies could not conclusively demonstrate the 
clinical importance of the superiority of the PS prosthesis 
since advantages of the greater ROM was not remarkable 
and there was some possibility of the difference of ROM 
decreasing to a clinically insignificant level. In contrast, 
there are studies showing a greater ROM in knees with a 
CR prosthesis or similar ROM regardless of the prosthesis 
type.2,7,16) The results of the current study also showed no 
significant difference in ROM between the two prostheses. 
Thus, we could not determine the superiority of either 
prosthesis in terms of ROM. 

Standardized outcome measurements after TKA 
involve ROM, HSS, KSS, WOMAC (Western Ontario 
McMasters Osteoarthritis) index and SF-36 (Short Form 
36) health survey. Since these conventional methods have 
subjective characteristics and allow insufficient distinction 
between study groups,10,24) some authors made an effort to 
conduct an objective and/or intimate investigation based 
on evaluation of the kinematics, proprioception, quadri-
ceps force, and alternative questionnaires.5,7,8,14) Conditt et 
al.14) used the patient-administered Total Knee Function 
Questionnaire (TKFQ). The TKFQ revealed functional 
differences between the PS design and the CR design in 
spite of the similar ROM and KSS. Dynamometric evalu-
ation could be an alternative for evaluation of the post-
arthroplasty function, especially for quadriceps strength 
that has been recognized as a close reflection of the func-
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tional performance.12) The only previous in vivo study 
comparing quadriceps strength between the CR knees 
and PS knees reported there was no significant difference 
in the isokinetic muscle testing;7) however, evaluation 
was performed only once during the follow-up period, so 
changes over time were not reflected in the study. Hence, 
we performed serial dynamometric evaluation in the cur-
rent study. There was no significant difference in quadri-
ceps force between the two groups along the time course 
No significant difference was observed either when co-
variates such as preoperative quadriceps strength and age 
were excluded. Therefore, we could not conclude that one 
prosthesis was superior to the other prosthesis through the 
muscle strength testing. 

This study has some limitations. Firstly, the dura-
tion of study is relatively short till the postoperative 6 
months and seems to be insufficient. However, quadriceps 
recovery to the level of preoperative status was achieved 
between postoperative 3 months and 6 months as reported 
in previous research.11,12) Therefore, the follow-up length 
can be considered adequate for observation of quadri-
ceps recovery. Secondly, some selection bias was inherent 
in the study design. The type of prosthesis implanted in 
TKA was determined based on specific indications not 
by randomization: CR-TKA was performed on less se-
verely affected patients. The patients in the CR group was 
slightly younger than those in the PS group even though 
the difference was not significant. Though the preopera-
tive difference was excluded from the statistical analysis 
at the final follow-up, the outstanding trend of quadriceps 
recovery was observed in the CR group at the 6 months 
follow-up without significant difference. The proportion 

of patients with beyond the preoperative level of recovery 
was also greater at 3 months postoperatively in spite of sta-
tistical insignificance.

In addition, the postoperative quadriceps strength 
was significantly related to the preoperative strength re-
gardless of the type of prostheses in the current study. 
In other words, preoperative quadriceps strength is an 
important influencing factor of postoperative quadriceps 
function. Postoperative weakness of the quadriceps muscle 
following TKA has been shown in several studies.6,9,12) The 
importance of quadriceps strength after TKA should not 
be underestimated because better functional outcome is 
related with better quadriceps function.9,25) Hence, pre-
operative recognition of quadriceps weakness and par-
ticipation of muscle strengthening exercises should be 
considered in preparation of TKA.25) Furthermore, more 
emphasis should be placed on postoperative quadriceps 
rehabilitation for better functional results.9)

In conclusion, CR-TKA was not more effective in 
restoring quadriceps strength than PS-TKA. In addition, 
postoperative KSS and ROM were similar between the 
groups. In other words, PS-TKA could result in compa-
rable quadriceps recovery and clinical outcomes despite 
the greater preoperative weaknesses, such as more limited 
ROM, older age, and more severe osteoarthritis of the 
knee. 
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