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patients. Eligibility for final inclusion was a minimum of 
5-year follow-up. Univariate analyses followed by a multi-
variate model were fitted to determine the independent pre-
dictors of midterm active knee flexion.
Results Thirty-four TKA (5.8 %) were excluded for a 
secondary surgery before their 50 years, 69 patients died 
(11.8 %), and 21 (3.6 %) were lost to follow-up. Overall, 
460 TKAs were included. The post-operative mean knee 
flexion angle was measured at 127.7° ± 9.3°. Significant 
factors affecting final flexion under univariate analyses 
were the patient height and body mass index, the absence 
of previous surgery, a depressive state, the preoperative 
flexion angle, a preoperative flexion contracture, a patellar 
residual subluxation, the reconstructed patellar height, and 
the rotation of the femoral component. The multivariate 
model confirmed the patient’s height, a depression, the pre-
operative flexion angle, a patellar residual subluxation, and 
the patellar height as statistically significant determinants.
Conclusion Aside from the preoperative flexion angle, 
numerous predictors of flexion, both patient- and proce-
dure-related were identified. Surgeons should take these 
into account both when adequately informing their patient 
before surgery and when performing the arthroplasty itself.
Level of evidence Prognostic, Level II.

Keywords Total knee arthroplasty · Knee flexion · Range 
of motion · Patellar tracking · Femoral component rotation

Introduction

Pain relief and improved walking ability are primary 
objectives of total knee arthroplasty (TKA) [28]. Range 
of motion (ROM) is another capital post-operative target, 
as it influences many activities. A minimum range of knee 

Abstract 
Purpose The range of motion achieved after a total knee 
arthroplasty (TKA) affects many daily activities and overall 
patients’ satisfaction. This study aims to define the deter-
minants affecting post-operative midterm active flexion 
according to a specific cruciate-sacrificing prosthesis, the 
rotating concave–convex (ROCC®) TKA.
Method Four hundred and eighty-four consecutive 
patients (584 TKAs) were prospectively followed. After 
baseline patient demographics and anatomical character-
istics, clinical and radiological post-operative assessments 
were periodically recorded. The rotational alignment of 
the femoral component was additionally reported for 120 
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flexion of 90° is essential to daily activities with about 
67° required in swing phase, 83° in climbing stairs, 90° 
in descending stairs, and 93° in rising from a chair [21]. 
While surgeons can be confident that TKA can relieve pain, 
the relationship between surgery and an improved ROM 
is less consistently established. Numerous factors, includ-
ing patient anatomy, preoperative functional status, surgi-
cal techniques, or implant designs have been in this regard 
investigated [20]. Among these factors, the Preoperative 
Active Flexion (PreAF) has been strongly and repeatedly 
correlated with the Postoperative Active Flexion (PostAF) 
[13, 18, 19]. The implication of factors such as age, weight, 
body mass index (BMI), Knee Society Score, and type of 
disease have also been reported with less robustness [19, 
27]. The surgical technique and the post-operative reha-
bilitation protocol are likewise presumed to affect the final 
knee ROM [1, 25]. Each design of TKA implant has its 
own characteristics that may also influence the ROM. Iden-
tifying the determinants of flexion associated with each 
specific TKA design is therefore crucial to help surgeons in 
optimizing their chances to reach a satisfactory functional 
result.

Recently, midterm functional and survivorships results 
of the rotating concave–convex ®(ROCC) TKA (Biomet, 
Valence, France) have been published [3], yet focusing on 
the type of fixation. The design of this original cruciate-
sacrificing implant with rotating platform is compatible 
with a high posterior condylar offset [2] that is meant to 
allow flexing kinematics closed to a physiological situa-
tion. No study has analysed yet by way of strong statisti-
cal models all the determinants of flexion according to this 
specific TKA implant. The aim of this study was to inves-
tigate predictors affecting post-operative midterm active 
flexion using the ROCC knee prosthesis.

Materials and methods

Four hundred and eighty-four consecutive patients (584 
knees) receiving a ROCC between January 2001 and Janu-
ary 2008 were eligible for this study. Inclusion criteria 
were primary and secondary (rheumatoid arthritis, necro-
sis, trauma) knee osteoarthritis. Revisions were excluded. 
Baseline recorded characteristics of patients were past 
medical history (including a “depression” criterion, as 
diagnosed by the general practitioner, either based on a 
“mild depression” cut-off from the second version of the 
Beck Depression Inventory or for receiving antidepressants 
or anxiolytics for that purpose), physical exam, and func-
tional impairment references.

All operative procedures were performed by one sur-
geon (MB), using a medial parapatellar approach (537 
knees), except when a lateral approach had been previously 

used (47 knees), in order to reduce skin necrosis risks. No 
tourniquet was used. The technique consisted in both tib-
ial and femoral measured resections perpendicular to the 
mechanical axis, avoiding overcorrection while closely 
restoring both the tibio- and patellofemoral joint lines. 
Collateral ligaments were carefully balanced, then rota-
tion of the femoral component was defined parallel to the 
trans-epicondylar axis. Hydroxyapatite-coated femoral 
components were cementless press fitted whenever the 
primary stability was sufficient (560 knees), considering 
no macroscopic motion under a vigorous manipulation of 
the knee. A randomization designated either an HA-coated 
(286 knees) or a cemented tibial component (298 knees), 
as defined for a contemporary study. The decision to resur-
face the patella was based on the severity of patellofemoral 
symptoms [11]. It was resurfaced for 415 knees, using an 
anatomical rotating HA-coated component. Patellar track-
ing was assessed by the operator during surgery with the 
no thumb technique [8, 10]. Tracking was binary graded 
as optimal or not (defined by a lateral residual subluxa-
tion, after having received all the appropriate corrections 
including a lateral release). Post-operative care included 
daily 40 mg of enoxaparin until day 30, and painkillers rep-
resented by an immediate wound infiltration with 300 cc 
ropivacaine 0.2 %, in addition to ketoprofen 300 mg/day, 
tramadol 300 mg/day and paracetamol 3 g/day. Full weight 
bearing was allowed from the day of operation. Rehabili-
tation involved accelerated active and passive knee flexion 
exercises and muscle strengthening.

The ROCC implant is a mobile bearing TKA sacrificing 
the cruciate ligaments. Both the superior bearing surface 
and the inferior femoral surface are saddle-shaped hyper-
bolic paraboloids. The saddle-shaped insert fits the cor-
responding symmetrical intercondylar part of the femoral 
component, which is likewise concave–convex and spi-
ral shaped in the sagittal plane and displays a 0.48 femo-
ral offset (condyle/shaft ratio) in order to enhance flexion 
[2]. This “rider-in-saddle” socket ensures mediolateral 
and anteroposterior stability. A deep anatomical troch-
lea restores accurately the patellofemoral joint line posi-
tion allowing optimal patellar tracking at every degree of 
flexion.

Clinical and radiological reviews were scheduled after 
surgery at 6 weeks, 6 months, first year, and then every 
2 years. Clinical assessments included the Knee Society 
Score [16], the range of motion according to a manual goni-
ometer, a dedicated 4-level Likert scale pain evaluation, 
focused on the whole knee but also specifically on patellar 
impairment (anterior pain, increasing during prolonged sit-
ting, stairs climbing or descending, and rising from a chair) 
[30]. Radiological assessments based on pre- and post-
operative frontal, sagittal and long-leg standing films were 
performed by two trained observers. The inter-observer 
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reliability had been preliminary tested, based on 30 random 
measurements, allowing to calculate an intraclass correla-
tion coefficient equal to 0.97. Patellar height was measured 
according to the description by Caton [7]. We additionally 
planned pre- and post-operative CT scans for the last 120 
patients, in order to evaluate preoperatively the posterior 
condylar angle (between the trans-epicondylar axis and the 
posterior condylar line) [29] and post-operatively the rota-
tion of the femoral component [29]. An ethical approval 
was delivered by the local institutional review board, the 
trial was registered at clinicaltrial.gov (registration number 
NCT02127619), and all participants gave their informed 
consent.

Statistical analysis

Data were entered into a database (SPSS version 19, IBM, 
Armonk, NJ, USA). Data were presented as mean and 
standard deviation for normal or median and range for non-
normal distribution of variables for quantitative variables. 
Qualitative variables were described using number and 
percentage. Preoperative (demographic, clinical, and radi-
ological), intraoperative, or immediate post-operative fac-
tors were analysed using an univariate linear mixed model 
taking into account correlation within subject (a patient 
can have a surgery of both knees). The linear mixed model 
was fitted to analyse the predictors that may influence post-
operative active knee flexion. The predictor variables for 
investigation were chosen from a study of the literature. 
They included age, gender, height, weight, BMI, diagno-
sis, previous conservative surgery, functional preoperative 
status, and physical preoperative examination, in addition 
to numerous anatomical features pre- and post-operatively. 
Complete multivariate model included significant variable 
in univariate analysis (P value ≤0.05), except the rotational 
alignment of the femoral component, as only 120 patients 
had available data related to this parameter. We selected 
the model with the smallest Akaike information criterion. 
A level of P < 0.05 was considered statistically significant. 
Analysis are performed using R software (R Foundation for 
Statistical Computing, Paris, France), version 2.15.2.

Results

Patient characteristics and follow-up

The mean age at surgery was 70.4 ± 8.7 years at the time 
of the surgery, including 199 men and 385 women. Preop-
eratively, mean active flexion was 119.4° ± 15.4°. Further 
baseline characteristics, clinical and functional data are dis-
played in Table 1. At a minimum 5 years after index sur-
gery, 21 patients (21 knees, 3.6 %) were lost to follow-up 

and 69 patients (69 knees, 11.8 %) died for reasons unre-
lated to the replaced knee (Fig. 1). In addition, 34 knees 
were excluded from the analysis, as they received a second 

Table 1  Baseline demographic and clinical characteristics of the 
patients (584 knees)

Data are expressed as mean ± SD or number of cases n (and %)

BMI body mass index, HTO high tibial osteotomy

Demographic data

 Age (years) 70.4 ± 8.7

 Gender (male:female) 199:385

 Height (cm) 163.9 ± 8.6

 Weight (kg) 79.7 ± 15.6

 BMI (kg/m2) 29.6 ± 5.3

Diagnosis n (%)

 Primitive 536 (92)

 Others (rheumatoid, necrosis, trauma) 49 (8)

Previous conservative surgery

 No 487 (83)

 Yes (HTO, meniscectomy) 97 (17)

Functional preoperative status

Depression/anxiety

 Yes 80 (14)

 No 504 (86)

Global knee pain

 Mild 5 (1)

 Moderate 106 (18)

 Severe 473 (81)

Patellar pain

 None 174 (30)

 Mild 125 (21)

 Moderate 103 (18)

 Severe 182 (31)

Charnley

 1 234 (40)

 2 305 (52)

 3 45 (8)

Physical preoperative status

 Preoperative active flexion (°) 119.4 ± 15.4

Preoperative anteroposterior stability

 <5 mm 549 (94)

 5–10 mm 22 (4)

 10+ mm 13 (2)

Preoperative mediolateral stability

 <5° 493 (84)

 6–9° 72 (12)

 10–14° 15 (3)

 15+° 4 (1)

Preoperative flexion contracture

 ≤5° 431 (74)

 >5° 153 (26)
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surgery before the fifth year: (1) 22 knees underwent sec-
ondary procedure without component revision (for fracture 
fixation, debridement for early sepsis, release for stiffness, 
or secondary patellar resurfacing) and (2) 12 knees under-
went component revision (for late sepsis, destabilizing frac-
ture, early fixation failure, or aseptic loosening). Thus, a 
total of 460 knees were available for final analysis (Fig. 1).

Surgical procedure

Overall, the surgical procedure improved the active flex-
ion (mean 127.6° ± 9.3° at the latest follow-up, P < 0.001 
compared to baseline) and the frontal knee alignment (from 
21.0 to 89.6 % of “acceptable” frontal knee alignments 
between 178° and 182°, P < 0.001). The posterior condylar 
offset (post-operative–preoperative) was calculated to be 
2.8 ± 4.3 mm. Further anatomical and surgical procedure 
details are presented in Table 2.

Linear mixed model

The univariate analyses showed no significant correlation 
between age, gender, weight, primary diagnosis, or patel-
lar resurfacing with PostAF (Table 3). However, height 
(coefficient 0.2 ± 0.06, P < 0.0001), BMI (−0.3 ± 0.09, 
P < 0.0001), and the absence of previous conservative 
knee surgery (2.2 ± 1.1, P = 0.05) had a statistically sig-
nificant association with PostAF. Depression was also 
found to be significantly correlated with PostAF (coef-
ficient −4.4 ± 1.2, P < 0.0001). Among the remaining 

significant analyses, the parameters statistically correlated 
with PostAF were: the PreAF (0.2 ± 0.03, P < 0.0001), 
the post-operative patellar height (−6.7 ± 3.1, P = 0.04), 
a non-optimal patellar tracking as evaluated during surgery 
(−7.0 ± 1.6, P < 0.0001), and the rotational alignment of 
the femoral component (1.0 ± 0.3, P = 0.01). Significances 
were confirmed for all but two factors (history of previous 
surgery, preoperative contracture) after multivariate analy-
sis (Table 3). The 120 records of rotational alignment from 
CT scan were not included in this multivariate step.

Baseline

Primary TKA eligible 
n= 584 knees
(484 patients)

Excluded (n=34 knees)
Secondary surgery without 
implant revision (n=22)
Implant revision (n=12)

5 years min follow-up

Included and analyzed (n= 460 knees)
Clinical and radiological evaluation
CT scan evaluation (n=120 knees)

Not included (n=90 knees)
Patients died for reasons 
unrelated to TKA (n=69)
Lost to F/U (n=21)

Fig. 1  Flow diagram for study participants

Table 2  Anatomical and procedure factors (584 knees)

Data are expressed as mean  ±  SD, or number of cases n (and %)

CD Index: Caton–Deschamps index; CD modified Index: Caton–Des-
champs index using tibial tubercule as lower reference
a Measurements based on n = 120 values

Native anatomical factors

Preoperative frontal alignment

 Acceptable (178° ≤ HKA ≤ 182°) 123 (21)

 Moderate varus (174° ≤ HKA ≤ 177°) 241 (41)

 Moderate valgus (183° ≤ HKA ≤ 186°) 75 (13)

 Severe varus (HKA ≤ 173°) 85 (15)

 Severe valgus (HKA ≥ 187°) 60 (10)

 Patellar height

 AT/AP (CD Index) 1.0 ± 0.2

 AT′/AP (CD modified Index) 1.4 ± 0.3

 Posterior condylar anglea (°) −3.8 ± 3.5

Procedure factors

Interface femur

 Uncemented 546 (94)

 Cemented 38 (6)

Interface tibia

 Uncemented 368 (63)

 Cemented 216 (37)

Patellar resurfacing

 Resurfaced 398 (68)

 Not resurfaced 186 (32)

Patellar tracking

 Optimal 542 (93)

 Residual lateral subluxation 42 (7)

Reconstructed anatomical factors

 Post-operative active knee flexion (°) 126.7 ± 9.3

Post-operative frontal alignment

 Acceptable (178° ≤ HKA ≤ 182°) 523 (90)

 Moderate varus (174° ≤ HKA ≤ 177°) 46 (8)

 Moderate valgus (183° ≤ HKA ≤ 186°) 15 (2)

Patellar height

 AT′/AP (CD modified Index) 1.2 ± 0.3

 Posterior condylar offset [post-operative–preoperative] 
(mm)

2.8 ± 4.3

 Rotational alignment of the femoral componenta (°) −1.4 ± 2.1
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Discussion

The most important finding of the present study was that 
numerous key parameters, including patient- (height, 
depression, overweight, and history of knee surgery) and 
procedure-related (patellar tracking, patellar height, and 
femoral component rotation) factors have a direct influ-
ence on the final knee flexion after TKA using the ROCC 
implants.

We acknowledge our study had few limitations. First, a 
single type of TKA implant was analysed, and its use by an 
experienced surgeon, which participated to its design con-
ception. Second, the surgical technique was not modified 
during the study period, and did not permit us to record any 
operative ligament balancing parameter. Our findings have 
consequently to be confronted to external experiences from 
varied centres before being definitively validated. Third, we 
had to deplore 3.6 % of patients lost after a minimum of 

Table 3  Associated factors with post-operative active knee flexion

Data are expressed as coefficient (standard error)

n.s non-significant
* Insufficient data included

Univariate analysis Multivariate analysis

Coefficient P value Coefficient P value

Demographic data

 Age 0.1 (0.05) n.s – –

 Gender (female) −1.0 (0.9) n.s – –

 Height 0.2 (0.06) <0.0001 0.2 (0.07) 0.002

 Weight −0.04 (0.03) n.s – –

 BMI −0.3 (0.09) <0.0001 – –

 Secondary osteoarthritis −0.2 (1.5) n.s – –

 No previous conservative surgery 2.2 (1.1) 0.05 2.4 (1.6) n.s

Functional preoperative status

 Depression/Anxiety −4.4 (1.2) <0.0001 −4.4 (1.5) 0.01

 Global knee pain (>mild) −3.4 (6.6) n.s – –

 Charnley (score >1) −0.9 (0.8) n.s – –

Physical preoperative status

 Preoperative active flexion 0.2 (0.03) <0.0001 0.2 (0.04) 0.004

 Preoperative anteroposterior stability (≥5 mm) −1.9 (2.4) n.s – –

 Preoperative mediolateral stability (>10°) 0.3 (3.6) n.s – –

 Preoperative flexion contracture (≥5°) −6.7 (3.1) 0.05 −9.5 (6.0) n.s

Native anatomical factors

 Preoperative HKA alignment 0.08 (0.07) n.s – –

 Patellar height

 AT/AP −2.3 (3.4) n.s – –

 AT′/AP −.2 (2.6) n.s – –

 Posterior condylar angle −0.2 (0.2) n.s – –

Procedure factors

 Cemented femur interface −0.3 (1.5) n.s – –

 Cemented tibial interface −0.5 (0.8) n.s – –

 Resurfaced patella −0.5 (0.9) n.s – –

 Lateral residual subluxation −7.0 (1.6) <0.0001 −7.7 (2.6) 0.01

Reconstructed anatomical factors

 Post-operative HKA alignment −0.2 (0.20) n.s – –

 Patellar height

 AT′/AP −6.7 (3.1) 0.04 −8.6 (3.3) 0.03

 Posterior condylar offset (post-operative–preoperative) 0.1 (0.3) n.s – –

 Rotational alignment of the femoral component 1.0 (0.3) 0.01 * *
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5 years of follow-up. However, as no pre-clinical mechani-
cal testing related to the ROCC® knee implant had been 
published to date, this study represents one of the first pic-
ture of its clinical performance, through a prospective col-
lection of data from a large cohort of patients, allowing 
solid statistical analyses.

There is no strong agreement between authors assessing 
factors that influence final flexion after TKA. The type of 
knee disease has been described by Harvey et al. [15] as the 
most important factor in predicting the final ROM. Accord-
ing to Harvey et al. [15], the final flexion angle would be 
greater in primary osteoarthritis, while patients with rheu-
matoid arthritis would have a better gain in ROM [19]. 
Our study is not consistent with these findings related to 
the influence of diagnosis. Again disagreeing with previ-
ous studies [19, 27], we found a correlation between BMI 
and final flexion. This might be due to soft tissue impinge-
ment between the femur and the tibia, which restricts flex-
ion of the knee, as supported by several studies [1, 12, 
22]. In addition, to our knowledge, our study is one of the 
first demonstrating a statistical correlation between patient 
height and PostAF. Our hypothesis is that a larger virgin 
anatomy offers less risk of oversizing the implants and high 
chances of low reconstructed posterior condylar offset. 
However, the coefficient is minimal (0.17), indicating that 
the actual influence is far from major. Besides, confirm-
ing previous reports, our results demonstrate no correla-
tion between gender [15, 17, 19, 27], age [1, 27], and final 
flexion. Concerning depression and flexion angle, we have 
to acknowledge that our diagnosis criteria were large and 
somehow inaccurate. However, our results were perfectly 
consistent with Edwards et al. [9], using a validated scale 
[24], who confirmed depression status as a strong predic-
tor of final flexion. While several authors argued that activ-
ity scores [1, 19, 25, 27] were the most important factors 
to predict final motion, our study did not demonstrate their 
usefulness with the ROCC prosthesis.

With little exceptions [26], increased preoperative flex-
ion angle has previously proved [15, 27] to determine a 
greater post-operative flexion achieved by the patients. 
This statement was validated by our findings. Conclusions 
related to the correlation between patellar parameters and 
flexion are more inconsistent. Myles et al. [23] and Bindel-
glass et al. [4] reported no relationship among patellar mal-
tracking and pain, flexion, or poor score result. Sancheti 
et al. [27] similarly found that patella resurfacing has no 
effect on the post-operative ROM, in agreement with Bur-
nett et al. [6]. Their sample size might have been insuf-
ficient to reach a definitive conclusion. Operative track-
ing, just as post-operative patellar height, were proved to 
be patellar predictors to consider for a better flexion. In 
accordance to the capital importance of a well-“balanced” 
extensor mechanism, we found that the femoral component 

rotation was correlated with final flexion angle. This find-
ing is in accordance with Boldt et al. publication [5], sup-
porting the negative influence of internal femoral rotation 
on the definitive range of motion. As opposed to Geijsen 
et al. [14], no correlation was found in our study between 
the posterior condylar offset and knee flexion. Overall, this 
study suggests that a critical attention should be given to 
restore a satisfying femoropatellar joint in order to opti-
mize the final flexion.

Conclusion

In conclusion, the use of the ROCC® knee prosthesis in 
our hands provided with final highly satisfactory range of 
motion of for an active daily living at a minimum of 5-year 
follow-up. Factors that affected final active knee flexion 
were demonstrated to be patient’s height, BMI, a history 
of knee surgery, depressive state, but also the preoperative 
knee flexion angle, operative patellar tracking, post-opera-
tive patellar height, and rotation of the femoral component. 
Surgeons should take into account these factors both before 
surgery when informing their patients of the potential 
results and during surgery in order to optimize the chances 
to get a satisfactory range of motion.
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