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Abstract
Purpose  Condylar constrained knee prostheses (CCK) are increasingly used in revision total knee arthroplasty (rTKA), but 
the clinical effectiveness and long-term survival remain a debate. The purpose of this study is to report the long-term clini-
cal and radiographic outcome, implant survival rate, and surgical safety of revision total knee arthroplasty with condylar 
constrained knee prosthesis.
Methods  A retrospective cohort study was performed on patients undergoing rTKA with CCK. The cases who received 
rTKA with CCK from January 2005 to January 2022 were selected. The duration of operation, the estimated perioperative 
blood loss, and the intraoperative blood transfusion rate were recorded to evaluate surgical safety. The pain visual analog 
scale (VAS), range of motion (ROM), the Hospital for Special Surgery (HSS) score, the Knee Society Score (KSS), the 
Western Ontario and McMaster University Osteoarthritis Index (WOMAC), and the Oxford knee score (OKS) was recorded 
to assess clinical outcome. Standard anteroposterior, lateral, skyline and long-standing AP radiographs of the lower limbs 
were conducted to assess radiographic outcome. Implant survival was analyzed by Kaplan–Meier survival estimates.
Results  Fifty-five cases were followed up for an average of 9.6 years (1–18 years), including 16 males and 38 females, with 
an average age of 66 and an average BMI of 26.9 kg/m2. The  main reasons for revision were periprosthetic infection (32 
knees, 58.2%) and aseptic loosening (13 knees, 23.6%). The duration of operation was 149 ± 56.2 min. The perioperative 
blood loss was 973.6 ± 421.6 ml. At the last follow-up, VAS (8.0 ± 1.1 to 1.3 ± 1.4), ROM (82.7° ± 26.1° to 108.4° ± 11.8°), 
HSS (45.0 ± 10.4 to 85.3 ± 8.6), KSKS (38.4 ± 12.1 to 88.5 ± 12.0), KSFS (19.6 ± 12.9 to 68.8 ± 15.1), WOMAC (67.9 ± 12.5 
to 14.4 ± 9.5), and OKS (9.9 ± 4.2 to 41.6 ± 7.7) were significantly improved (P < 0.001). A total of five complications were 
observed, all of which were periprosthetic infection. Non-progressive radiolucent lines were observed in 26 knees (47.3%). 
The 10-year survival rate for no operation was 96.0%. The ten year survival rate for no revision was 98.0%.
Conclusion  The use of CCK prosthesis for rTKA can achieve good long-term efficacy and prosthesis survival.
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Introduction

Total knee arthroplasty (TKA) is considered the most suc-
cessful treatment for end-stage knee arthritis [1]. How-
ever, due to the aging population, an increasing number of 
younger patients are undergoing TKA, resulting in a rise 
in revision total knee arthroplasty (rTKA). Statistics indi-
cate that rTKA accounts for 2.4% of all knee replacements 
in China, with the knee revision rate showing an upward 
trend from 2013 to 2018 (from 2.3 to 2.5%) [2]. Common 
reasons for revision of TKA include polyethylene wear, 
aseptic loosening, periprosthetic infection, instability, and 
abnormal alignment [3]. In the latest large-sample studies, 
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infection and aseptic loosening have emerged as the pri-
mary causes of failed TKA [2, 4]. Revision TKA often 
presents complex challenges, including ligament dysfunc-
tion, bone defects, and severe varus and valgus deformities 
[5]. The surgical difficulty is significantly higher than that 
of primary TKA, which places higher requirements on the 
design and characteristics of the prosthesis. In cases of 
rTKA with severe deformity and ligament damage, pri-
mary prostheses like posterior stabilized (PS) or cruciate 
retaining (CR) are inappropriate. The reconstructions of 
knee often necessitate the utilization of more restrictive 
prostheses, such as condylar constrained knee (CCK) and 
rotating hinged knee (RHK) [6]. Although some studies 
have shown that rTKA using PS prosthesis can achieve 
similar patient satisfaction and prosthesis survival as pri-
mary TKA [7], Digennaro et al. [8] reported that the rates 
of utilization for prostheses in rTKA were CCK (41.8%), 
RHK (31.7%), PS (24.9%), and CR (1.5%). Both the CR 
group (75.1%) and PS group (75.3%) demonstrated a sig-
nificantly lower 10-year prosthesis survival rate compared 
to the CCK group (87.5%) and the RHK group (81.7%). 
There is still controversy about the CCK and RKA in 
rTKA [9]. This study mainly explored the application of 
CCK in rTKA.

Previous follow-up studies of CCK have proven that 
CCK can achieve satisfactory mid-term clinical outcomes 
in complex primary TKA and rTKA [10–13]. Kim et al. 
[14] reported good functional improvement and 91% pros-
thesis survival of CCK in rTKA with an average of 19.2-
year follow-up, which is the longest follow-up result so far. 
However, some studies have highlighted a potential con-
cern, while CCK restricts anterior and posterior condyle 
movement, it could elevate contact pressure on the articular 
surface, possibly resulting in increased prosthetic wear and 
aseptic loosening rates[15, 16].

Currently, there is a limited number of studies examining 
the long-term clinical and radiographic outcomes of CCK in 
rTKA. This study retrospectively analyzed the results of a 
consecutive cohort of patients who underwent revision knee 
arthroplasty using CCK at our centre from January 2005 to 
January 2022. In this study, we report the long-term follow-
up results and survival rate of CCK in rTKA.

Materials and methods

Materials

This was a retrospective review of prospectively collected 
data from consecutive patients undergoing rTKA with 
CCK. We obtained data from the joint arthroplasty reg-
istry at our hospital from January 2005 to January 2022. 
The inclusion criteria were as follows: (1) all patients who 

previously underwent TKA or UKA and underwent revi-
sion surgery this time; (2) patients with more than one year 
follow-up and detailed information. The exclusion criteria 
were as follows: (1) patients who underwent rTKA using 
non-CCK prostheses; (2) patients undergoing rTKA due to 
periprosthetic fractures; (3) patients who refused to enroll 
or were lost to follow-up. A total of 60 consecutive patients 
(61 knees) underwent rTKA using CCK in our hospital 
between January 2005 and January 2022. Five patients 
(five knees) were lost during follow-up and one patient 
(one knee) underwent rTKA due to periprosthetic fracture, 
leaving 54 patients (55 knees) for evaluation. This group 
consisted of 38 (7.03%) women and 16 (29.6%) men. The 
mean age was 66 years (range 22–80 years). According 
to intraoperative evaluation, five patients underwent only 
femoral prosthesis revision, and two patients underwent 
only tibial prosthesis revision. Diagnoses triggering pri-
mary TKA were degenerative osteoarthritis (48 knees, 
87.3%), rheumatoid arthritis (five knees, 9.1%), and hemo-
philic arthritis (two knees, 3.6%). The causes of rTKA 
included periprosthetic infection (32 knees, 58.2%), asep-
tic loosening (13 knees, 23.6%), polyethylene wear (five 
knees, 9.1%), instability (three knees, 5.5%) and stiffness 
(two knees, 3.6%). The mean follow-up was 115.2 months 
(range 13–216 months). Detailed demographic character-
istics of patients are illustrated in Table 1. This study was 
approved by the Ethics Committee of the Peking Union 
Medical College Hospital. Written informed consents were 
obtained from all patients.

Table 1   Demographic data

BMI body mass index, TKA total knee arthroplasty

Gender
  Male 16 (29.6%)
  Female 38 (70.3%)

Age (years) 66 ± 11.4 (22–80)
Height (cm) 161.0 ± 6.8 (148–177)
Weight (kg) 69.6 ± 11.4 (45–110)
BMI (kg/m2) 26.9 ± 4.3 (17.8–40.4)
Reasons of primary TKA

  Osteoarthritis 48 (87.3%)
  Rheumatoid Arthritis 5 (9.1%)
  Hemophilic arthritis 2 (3.6%)

Reasons of revision TKA
  Infect 32 (58.2%)
  aseptic loosening 13 (23.6%)
  Polyethylene wear 5 (9.1%)
  Knee joint instability 3 (5.5%)
  Knee flexion contracture 2 (3.6%)

Follow-up time (months) 115.2 (13–216)
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Surgical procedures and implant features

All cases underwent rTKA under general anaesthesia. One-
stage surgeries were performed for non-infected knees, and 
two-stage surgeries were performed for infected knees [17]. 
The two-stage surgeries included the removal of the primary 
prosthesis and the insertion of cement spacers in the first 
stage. Intravenous antibiotics were administered after the 
first-stage surgery to control the infection. Until the infection 
was under control, the second-stage surgery was conducted, 
involving the removal of the cement spacer and the implan-
tation of CCK. Prophylactic antibiotics were administered 
before any surgery, just before making the incision, and a 
tourniquet set at 250 mmHg pressure was applied during 
the procedure to aid in hemostasis. The midline incision of 
the knee and the standard parapatellar medial approach were 
selected. If only one side of the prosthesis was loose, revi-
sion was carried out only on the femoral or tibial side. Thor-
ough cleaning of the synovial membrane and removal of 
osteophytes within the knee were performed. Extension and 
flexion gaps were carefully examined, and soft tissue release 
was done to achieve varus/valgus balance. After assessment 
of the stability of the knee, we decided to repair bone defects 
with cement, autologous/allogeneic cancellous bone grafts, 
augments, tantalum cones, or metal sleeves. Finally, a CCK 
with the appropriate size was implanted. In this study, the 
technique for component fixation was hybrid fixation which 
involves press-fit stem with cement fixation in the metaphy-
seal and epiphyseal zones. The lengths of the stems were 
from 100 to 160 mm. The patella was not replaced in all 
cases. A drainage tube was placed after the operation.

According to the assessment of bone defects, bone grafts, 
augments, and metal sleeves were needed in one case, 26 
cases, and two cases, respectively. Tantalum cone was nec-
essary in one case. 

On the POD1, the patients could use a walker for mobility 
and began continuous passive motion exercises. Antibiotics 
were continued for one to two weeks post-surgery based on 
sensitivity for periprosthetic infection. Drainage tubes were 
typically removed within 24–48 h after the surgery. Within 
the initial two weeks post-surgery, low-molecular-weight 
heparin or rivaroxaban was administered to prevent venous 
thromboembolism. All patients were monitored after surgery 
and regularly discharged to rehabilitation centers between 
PODs 3 and 5. 

Follow‑up

Outpatient follow-up was scheduled for PODs 30 and 90, 
and followed by yearly appointments. The operation time 
and blood transfusion rate were recorded. Postoperative 

complications such as periprosthetic infection, wound 
complications, pulmonary embolism, symptomatic DVT, 
periprosthetic fractures, and perioperative cardiovascular 
and cerebrovascular events were recorded. Additionally, 
HCT before surgery and on PODs three were documented 
to calculate the perioperative blood loss [18, 19]. The vis-
ual analogue score (VAS), American Knee Society Score 
(KSS), Hospital for Special Surgery score (HSS), the West-
ern Ontario and McMaster University Osteoarthritis Index 
(WOMAC), the Oxford Knee Score (OKS), and range of 
motion (ROM) were recorded before surgery and at each 
follow-up to evaluate the clinical effects of surgery. For 
patients who died, the knees’ function and patient-reported 
outcomes at the last follow-up before death were recorded.

Standard anteroposterior, lateral, skyline, and long-stand-
ing AP radiographs of the lower limbs were conducted to 
assess limb alignment, radiolucent lines, instability, and 
polyethylene wear. The radiolucent lines of the femoral 
and tibial prostheses were evaluated according to the 2015 
version of the American Knee Society Roentgenographic 
Evaluation system[20].

Statistical analysis

Statistical analysis was performed by the SPSS version 
26.0 (IBM Corp., Armonk, NY, USA). Normal distribution 
was assessed by the Shapiro–Wilk test. Paired t-student 
tests were used to compare preoperative and postoperative 
data. CCK prosthesis survival analysis was assessed by the 
Kaplan–Meier method. A two-tailed P < 0.05 was consid-
ered to indicate statistical significance. Our datas are repre-
sented as the mean ± standard deviation.

Results

Clinical outcomes

The range of motion (ROM) was 82.7 ± 26.1° preopera-
tively and improved to 108.4 ± 11.8° at the final follow-up. 
Preoperatively, the HSS, KSKS, and KSFS scores were 
45.0 ± 10.4, 38.4 ± 12.1, and 19.6 ± 12.9, respectively, 
and these scores increased to 85.3 ± 8.6, 88.5 ± 12.0, and 
68.8 ± 15.1 at the final follow-up evaluation. Additionally, 
WOMAC and OKS were 67.9 ± 12.5 and 9.9 ± 4.2, respec-
tively, before the operation and improved to 14.4 ± 9.5 and 
41.6 ± 7.7 at the final follow-up. The clinical outcomes, 
including ROM, HSS, KSS, WOMAC, and OKS, showed 
significant improvement after revision TKA at the final 
follow-up evaluation (P < 0.001). The detailed results can 
be found in Table 2.
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Radiographic outcomes

The preoperative and postoperative mean HKAs were 
174.2 ± 5.6 (range 164–188) degrees and 179.3 ± 1.2 (range 
177–182) degrees, respectively. During follow-up, radio-
lucent lines were observed in 26 knees (47.3%), but none 
of them presented progressive radiolucent lines (Fig. 1). 
Twelve radiolucent lines were observed around the femoral 
prosthesis (22.6%), and 17 radiolucent lines were around 
the tibial prosthesis (34%). On the femoral side, radiolucent 
lines were present in zone three of one knee, the others 
were around the stem (zones 4–5), according to KSRES 
2015. In tibia, radiolucent lines were seen around the fixa-
tion post (zone 3) of five knees, and the extension stem 
(zones 4–5) of 12 knees. In the final follow-up, no imaging 
complications such as prosthetic loosening, polyethylene 
wear, and periprosthetic fractures were found.

Complications

The mean tourniquet time was 149 ± 56.2 minutes. The mean 
total blood loss was 973.6 ± 421.6 ml (110–1970 ml), and a 
total of 22 patients (40%) received blood transfusion. There 
was no case had showed wound complication, symptomatic 
VTE, or cardiocerebral accidents during the perioperative 
period. Details are shown in Table 3.

Aseptic loosening or periprosthetic fracture was not 
observed during the follow-up period. Postoperative com-
plications included five periprosthetic infections (PJI). One 
case of infections occurred two months after surgery, and the 
other four cases occurred after more than one year after sur-
gery. After 12 months of surgery, one infected case under-
went knee debridement. One case was re-revised for PJI at 
two years postoperatively and reported good knee function 
at the last follow-up. The other infected patients were treated 
with intravenous antibiotics, and no more invasive proce-
dures were performed, resulting in bad function at the last 
follow-up (KSKS: 40, 40, and 45, respectively).

The rate of survival at 9.6 years was 96% (95% CI, 90.5 
to 100%) with reoperation for any reason as the endpoint, 
and 98% (95% CI, 94.01 to 100%) with re-revision for any 
reason as the endpoint (Fig. 2–3).

Discussion

High restriction will lead to increased stress on the contact 
surface between the prosthesis and bone, which in turn will 
lead to increased polyethylene wear. So far, lots of studies 
have reported the prosthesis survival rate of CCK used in 
rTKA. Kunze et al. [21] compared the re-revision rates of PS 
and CCK prostheses in rTKA and found that PS prostheses 
had a lower risk of re-revision at a minimum follow-up of 
2 years (OR 0.3, P < 0.001). Several studies have reported 

Table 2   Clinical and imaging results

ROM range of motion, VAS, visual analog score, HKA hip-knee-
angle, HSS hospital for special surgery score, KSKS knee society 
knee score, KSFS knee society function score, WOMAC the Western 
Ontario and McMaster University Osteoarthritis Index, OKS oxford 
knee score

Preoperative Last follow-up P

ROM 82.7 ± 26.1 (20–130) 108.4 ± 11.8 (80–125)  < 0.001
VAS 8.0 ± 1.1 (6–10) 1.3 ± 1.4 (0–5)  < 0.001
HKA 174.2 ± 5.6 (164–188) 179.3 ± 1.2 (177–182)  < 0.001
HSS 45.0 ± 10.4 (21–57) 85.3 ± 8.6 (64–97)  < 0.001
KSKS 38.4 ± 12.1 (0–55) 88.5 ± 12.0 (50–100)  < 0.001
KSFS 19.6 ± 12.9 (0–50) 68.8 ± 15.1 (50–100)  < 0.001
WOMAC 67.9 ± 12.5 (40–90) 14.4 ± 9.5 (5–55)  < 0.001
OKS 9.9 ± 4.2 (2–18) 41.6 ± 7.7 (18–60)  < 0.001

Fig. 1   A 69-year-old woman underwent rTKA by a CCK prosthesis 
for polyethylene wear. Hybrid fixation was used, and the femoral and 
tibial stems were both 100 mm. Non-progressive radiolucent line had 
been observed during follow-up duration. (A) The polyethylene was 

worn in ten years after primary TKA. (B) The X-ray after 1 year of 
the operation showed radiolucent line around the stem of tibial com-
ponent. (C) The X-ray after 8 years of the operation showed no pro-
gression of this radiolucent line around tibial component
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the mid- to long-term results of CCK prosthesis in rTKA, 
with a survival rate of approximately 90% [22, 23]. CCK and 
RHK are currently the two most widely used prostheses in 
rTKA, but clinical results are still highly controversial. In 
a follow-up study with an average of 3.7 years by Barnoud 
et al. [24], CCK had fewer complications and a higher pros-
thesis survival rate than RHK (100% vs 77.8%) in rTKA for 
mechanical failure. Recently, a meta-analysis by Yoon et al. 
[9] reported that there was no significant difference in ROM 
and complication rates between the two types of prostheses, 
while the functional score and mid-term prosthetic survival 
rate of the CCK group (83.8% vs 81.3%) is slightly better 
than the RHK group. Recently, CCK prostheses have been 
increasingly used in primary TKA. Theil et al. [25] com-
pared the 15-year survival rate of CCK prosthesis in primary 

TKA and rTKA. Although the results of both groups were 
satisfactory, the survival rate in rTKA (76%) was signifi-
cantly worse than that in primary TKA (100%). In this study, 
the 10-year no-revision survival rate of CCK prosthesis used 
for rTKA was 98.0%. This result seems to be better than 
the results of all relevant studies so far. Possible reasons 
we think include (1) the cases in this group were older and 
had less activity after surgery; (2) we used two-stage revi-
sion for infected cases to reduce the reinfection rate; (3) we 
used 100–160 mm stems with hybrid fixation; (4) we select 
appropriate materials to repair bone defects based on stabil-
ity assessment.

This study proves that CCK prosthesis in rTKA is suc-
cessful in improving knee function, including ROM, HSS 
score, KSS score, WOMAC score, and OKS score during 
an average 9.6-year follow-up, which is consistent with the 
conclusions of previous studies [23, 26]. Compared with 
previous studies, this group of patients was slightly better 
than previous studies in terms of local functions such as 
ROM and KSS, but slightly inferior in terms of systemic 
functions in patients with responses such as KSFS and OKS. 
We consider that standardized postoperative rehabilitation 
training [27], early passive mobilization and ambulation 
are reasons for better knee function, and the older age may 
explain the poor systemic function of the patient at the last 
follow-up. While considering surgical safety, the operation 
time, perioperative bleeding, and blood transfusion rate of 
CCK-rTKA are all higher than those of primary TKA [28] 
but are acceptable for rTKA[21, 29].

Table 3   Complications

VTE venous thrombosis embolism

Perioperative blood transfusion rate 40.0%

Total blood loss (ml) 973.6 ± 421.6 ml(110–
1970 ml)

  Postoperative complications
  Periprosthetic infection 5
  Aseptic loosening 0
  Periprosthetic fracture 0
  Symptomatic VTE 0
  Perioperative cardiocerebral accidents 0
  Total 5

Fig. 2   Survival curve at 9.6 years with reoperation for any reason as the end point
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The only reason for reoperation in this group was 
periprosthetic infection (58.2%). Luque et  al. [30] also 
believed that infection was the main cause of failure of CCK-
rTKA (16 cases, 37.2%). However, in the studies of Kim, 
Pablo et al. [14, 31], the risk of aseptic loosening was higher. 
Lee et al. [32] pointed out that the postoperative infection 
rate of septic revision TKA was higher than that of asep-
tic revision TKA. Shichman et al. [33] reported 90 cases 
of reinfection after revision surgery for infection, and they 
noted that the average time to reinfection after rTKA was 
21.3 months, the most common pathogen was coagulase-
negative staphylococci (31%), and the infection control rate 
was very low in patients without long-term antibiotic treat-
ment (15.9%). This group of patients had a higher rate of 
infection and less activity after primary TKA, which may be 
the reason for the high incidence of reinfection and low asep-
tic loosening rate in follow-up. In this study, three patients 
with postoperative infection received long-term intravenous 
antibiotic treatment, and all reported poor knee function at 
the last follow-up (KSS scores of 26, 28, and 29, respec-
tively), but they refused to undergo debridement or revision 
surgery.

The stems can reduce the stress on the metaphyseal and 
provide more prosthesis fixation surface, which is essen-
tial for the fixation of prosthesis [34]. It has been reported 
that the use of stems can significantly reduce the rate of 
re-revision in the revision TKA [35]. In this study, all CCK 
prostheses used stems with a length of 100–160 mm to dis-
perse the stress, hoping to get better fixation and reduce the 
incidence of aseptic loosening [36]. At the last follow-up, no 

aseptic loosening or periprosthetic fracture was observed in 
this group, which is consistent with the results of Ye et al. 
[37] Limberg et al. [22] reported that rTKA without the use 
of stems had an increased risk of re-revision. LaMonica 
et al. [38] demonstrated that the stress on the tibial plateau 
decreases as the length of the stems increase, while the stem 
of 100 mm can significantly reduce the stress on the tibial 
plateau. Meanwhile, Bernardo et al. [39] pointed out that 
longer stems (280 mm) may cause more pain and stress 
shielding through biomechanical analysis. According to the 
results of this and previous studies [40], we believe that the 
application of 100–160 mm stems with CCK prostheses in 
rTKA can reduce the incidence of aseptic loosening and is 
effective and safe.

Revision total knee arthroplasties are usually accompa-
nied by bone defects. In this study, 15 knees were repaired 
on the single femoral side, three knees were repaired on the 
single tibial side, and six knees were repaired on the femoral 
and tibial sides, because of bone defects. Through subgroup 
analysis at the last follow-up, we found that compared with 
knees without repair, repairing bone defects did not affect 
the survival rate of the prosthesis, but the postoperative 
ROM in the group without bone defect reconstruction was 
significantly better than the reconstruction group (Table 4). 
This may be related to the fact that patients undergoing bone 
defect reconstruction were more difficult to operate and suf-
fered greater intraoperative injuries. However, both groups 
achieved satisfactory improvements compared with preop-
erative procedures, so we believe that this difference was not 
clinically significant. Lai et al. [41] compared the two year 

Fig. 3   Survival curve at 9.6 years with re-revision for any reason as the end point
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clinical results of rTKA with CCK prosthesis with or with-
out a metal sleeve and reported that there was no significant 
difference in ROM and KSS scores between the two groups. 
There is still controversy as to whether bone defect repair 
will lead to a decrease in ROM after rTKA, and which bone 
defect repair method is more conducive to the recovery of 
knee function. Because there were too few samples for sub-
group analysis of different repair methods, this issue may 
require further exploration in the future.

The optimal fixation technique for CCK prostheses with 
stems remains controversial. In the primary TKA, Daffara 
et al. [42] reported that there is no significant difference in 
early survival rate between cement or cementless prosthe-
ses. But in revision TKA, the use of cement at the proximal 
components is widely accepted [43–45]. However, since full 
cementation may lead to potential stress shielding and dif-
ficulty in removing the cement during re-revision [46], it is 
still unclear whether to use cement to fix the stem. Kwon 
et al. [43] reported 18 cases of CCK-rTKA fixed by full 
cementation, and no instability or aseptic loosening was 
observed during the seven year follow-up. Laudren et al. [44] 
compared the seven year follow-up results of full cemen-
tation and hybrid fixation technology for CCK-rTKA, and 
reported that there was no significant difference in clini-
cal results between the two groups, but the full cementation 
group got better imaging results. Song et al. [45] univer-
sally employed full cement fixation for femoral prostheses 
in 37 patients who received re-revision TKA due to aseptic 

loosening with femoral diaphyseal deformation and no 
instances of aseptic loosening were observed over a mean 
follow-up of ten years. Nevertheless, the authors advised 
exercising caution in utilizing full cementation for patients 
undergoing revision TKA with infection due to the elevated 
risk of reinfection. In this study, infection is the main cause 
of revision and deformities were mainly in the metaphy-
sis. In this study, we used the hybrid fixation technique, 
which involves press-fit stem with cement fixation in proxi-
mal components. Although radiolucent lines were observed 
around 47.3% of knees, no aseptic loosening occurred at the 
last follow-up. We think this fixation method in CCK-rTKA 
is reliable.

The advantage of this study is that it reports the clini-
cal and radiographic results and long-term survival rate 
of CCK-rTKA. As the revision rate of TKA increasing, 
CCK prostheses are used more and more widely and fre-
quently. The results of this study support the application 
of CCK prostheses in rTKA. However, this study also has 
limitations. First, this is a retrospective study with rela-
tively few cases and a short follow-up period. We did not 
conduct randomized clinical trials or compare this pros-
thesis with other prostheses. Secondly, only one patient 
underwent re-revision surgery, so subgroup analysis of 
the risk of re-revision cannot be performed. As the sam-
ple increases, subgroup analysis can be performed in the 
future to explore the risk factors of re-revision. Finally, 
although the surgical techniques were almost identical, 
the surgeons were not the same.

Conclusion

In this study, infection is the most common postoperative 
complication and the main reason for failure of rTKA. Dur-
ing a mean 9.6-year follow-up, the application of CCK pros-
thesis in rTKA provided good function and implant survival 
while ensuring surgical safety.
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Table 4   Subgroup analysis of bone defect reconstruction

ROM range of motion, VAS visual analog score, HKA hip-knee-angle, 
HSS hospital for special surgery score, KSKS knee society knee score, 
KSFS knee society function score, WOMAC the Western Ontario and 
McMaster University Osteoarthritis Index, OKS oxford knee score

Reconstruction 
group

Non-reconstruction 
group

P

ROM Preoperative 81.6 ± 25.0 84.1 ± 27.8 0.554
Last follow-up 105.3 ± 13.2 112.2 ± 8.6 0.017

VAS Preoperative 8.3 ± 1.1 7.7 ± 1.0 0.313
Last follow-up 1.5 ± 1.5 1.09 ± 1.2 0.257

HKA Preoperative 175.0 ± 6.2 173.0 ± 4.6 0.530
Last follow-up 179.7 ± 1.0 178.7 ± 1.3 0.195

HSS Preoperative 44.2 ± 10.2 46.1 ± 10.9 0.883
Last follow-up 84.0 ± 9.0 86.9 ± 8.0 0.358

KSKS Preoperative 37.7 ± 12.2 39.8 ± 12.0 0.742
Last follow-up 86.9 ± 12.0 90.6 ± 12.1 0.459

KSFS Preoperative 20.4 ± 13.1 18.6 ± 12.7 0.852
Last follow-up 69.3 ± 15.2 68.0 ± 15.4 0.806

WOMAC Preoperative 69.7 ± 12.3 65.7 ± 12.6 0.350
Last follow-up 16.0 ± 11.5 12.4 ± 5.7 0.187

OKS Preoperative 9.5 ± 4.3 10.4 ± 4.2 0.934
Last follow-up 41.5 ± 8.0 41.7 ± 7.0 0.783



1186	 International Orthopaedics (2024) 48:1179–1187

Declarations 

Ethics approval  Ethical approval was granted from the ethics commit-
tee of the institution.

Informed consent  A written consent was taken from all participants 
as per department protocol. A signed written consent was obtained 
from all participants for the use and publication of all personal data 
including personal Xrays.

Conflict of interest  The authors declare no competing interests.

References

	 1.	 Castagnini F, Sudanese A, Bordini B, Tassinari E, Stea S, Toni 
A (2017) Total knee replacement in young patients: survival 
and causes of revision in a registry population. J Arthroplasty 
32:3368–3372. https://​doi.​org/​10.​1016/j.​arth.​2017.​05.​052

	 2.	 Long H, Xie D, Zeng C, Wang H, Lei G, Yang T (2023) Burden 
and characteristics of revision total knee arthroplasty in China: 
a national study based on hospitalized cases. J Arthroplasty 
38:1320-1325.e1322. https://​doi.​org/​10.​1016/j.​arth.​2023.​02.​052

	 3.	 Moussa ME, Lee YY, Patel AR, Westrich GH (2017) Clinical out-
comes following the use of constrained condylar knees in primary 
total knee arthroplasty. J Arthroplasty 32:1869–1873. https://​doi.​
org/​10.​1016/j.​arth.​2017.​01.​001

	 4.	 Pitta M, Esposito CI, Li Z, Lee YY, Wright TM, Padgett DE 
(2018) Failure after modern total knee arthroplasty: a prospec-
tive study of 18,065 knees. J Arthroplasty 33:407–414. https://​
doi.​org/​10.​1016/j.​arth.​2017.​09.​041

	 5.	 Mancuso F, Beltrame A, Colombo E, Miani E, Bassini F (2017) 
Management of metaphyseal bone loss in revision knee arthro-
plasty. Acta Biomed 88:98–111. https://​doi.​org/​10.​23750/​abm.​
v88i2-S.​6520

	 6.	 Lee JK, Lee S, Kim D, Lee SM, Jang J, Seong SC, Lee MC (2013) 
Revision total knee arthroplasty with varus-valgus constrained 
prosthesis versus posterior stabilized prosthesis. Knee Surg 
Sports Traumatol Arthrosc 21:620–628. https://​doi.​org/​10.​1007/​
s00167-​012-​1998-2

	 7.	 Sappey-Marinier E, Fratini S, Kremer H, Shatrov J, Batailler C, 
Servien E, Lustig S (2022) Similar outcomes to primary total 
knee arthroplasty achievable for aseptic revision using the same 
primary posterior-stabilised prosthesis at a mean follow-up of 49 
months. Knee Surg Sports Traumatol Arthrosc 30:2854–2861. 
https://​doi.​org/​10.​1007/​s00167-​021-​06716-3

	 8.	 Digennaro V, Brunello M, Di Martino A, Panciera A, Bordini 
B, Bulzacki Bogucki BD, Ferri R, Cecchin D, Faldini C (2023) 
Constraint degree in revision total knee replacement: a registry 
study on 1432 patients. Musculoskelet Surg. https://​doi.​org/​10.​
1007/​s12306-​023-​00790-1

	 9.	 Yoon JR, Cheong JY, Im JT, Park PS, Park JO, Shin YS (2019) 
Rotating hinge knee versus constrained condylar knee in revision 
total knee arthroplasty: a meta-analysis. PLoS ONE 14:e0214279. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02142​79

	10.	 Feng XB, Yang C, Fu DH, Ye SN, Liu XZ, Chen Z, Rai S, Yang 
SH (2016) Mid-term outcomes of primary constrained condylar 
knee arthroplasty for severe knee deformity. J Huazhong Univ 
Sci Technolog Med Sci 36:231–236. https://​doi.​org/​10.​1007/​
s11596-​016-​1572-0

	11.	 Mancino F, De Martino I, Burrofato A, De Ieso C, Sac-
comanno MF, Maccauro G, De Santis V (2020) Satisfactory 
mid-term outcomes of condylar-constrained knee implants 

in primary total knee arthroplasty: clinical and radiological 
follow-up. J Orthop Traumatol 21:22. https://​doi.​org/​10.​1186/​
s10195-​020-​00561-9

	12.	 Mei F, Li JJ, Lin J, Zhou D, Xing D (2023) Constrained condylar 
prostheses for the treatment of charcot arthropathy: a case report 
and literature review. Orthop Surg 15:1423–1430. https://​doi.​org/​
10.​1111/​os.​13686

	13.	 Lachiewicz PF, Soileau ES (2011) Results of a second-generation 
constrained condylar prosthesis in primary total knee arthroplasty. 
J Arthroplasty 26:1228–1231. https://​doi.​org/​10.​1016/j.​arth.​2011.​
05.​010

	14.	 Kim YH, Park JW (2020) Long-Term (Up to 21 Years) Survival 
of revision total knee arthroplasty with use of a constrained con-
dylar knee prosthesis: a concise follow-up of a previous report. J 
Bone Joint Surg Am 102:674–678. https://​doi.​org/​10.​2106/​jbjs.​
19.​00753

	15.	 Donaldson WF 3rd, Sculco TP, Insall JN, Ranawat CS (1988) 
Total condylar III knee prosthesis. Long-term follow-up study. 
Clin Orthop Relat Res 226:21–28

	16.	 Lachiewicz PF, Falatyn SP (1996) Clinical and radiographic 
results of the total condylar III and constrained condylar total 
knee arthroplasty. J Arthroplasty 11:916–922. https://​doi.​org/​10.​
1016/​s0883-​5403(96)​80132-x

	17.	 Shichman I, Ward SA, Lu L, Garceau S, Piuzzi NS, Seyler TM, 
Schwarzkopf R (2023) Failed 2-stage revision knee arthroplasty 
for periprosthetic joint infection-patient characteristics and out-
comes. J Arthroplasty. https://​doi.​org/​10.​1016/j.​arth.​2023.​04.​063

	18.	 Gross JB (1983) Estimating allowable blood loss: corrected for 
dilution. Anesthesiology 58:277–280. https://​doi.​org/​10.​1097/​
00000​542-​19830​3000-​00016

	19.	 Nadler SB, Hidalgo JH, Bloch T (1962) Prediction of blood vol-
ume in normal human adults. Surgery 51:224–232

	20.	 Meneghini RM, Mont MA, Backstein DB, Bourne RB, Dennis 
DA, Scuderi GR (2015) Development of a modern knee society 
radiographic evaluation system and methodology for total knee 
arthroplasty. J Arthroplasty 30:2311–2314. https://​doi.​org/​10.​
1016/j.​arth.​2015.​05.​049

	21.	 Kunze KN, Akram F, Fuller BC, Choi J, Sporer SM, Levine BR 
(2019) Superior survivorship for posterior stabilized versus con-
strained condylar articulations after revision total knee arthro-
plasty: a retrospective, comparative analysis at short-term follow-
up. J Arthroplasty 34:3012-3017.e3011. https://​doi.​org/​10.​1016/j.​
arth.​2019.​07.​008

	22.	 Limberg AK, Tibbo ME, Pagnano MW, Perry KI, Hanssen AD, 
Abdel MP (2020) Varus-valgus constraint in 416 revision total 
knee arthroplasties with cemented stems provides a reliable recon-
struction with a low subsequent revision rate at early to mid-term 
review. Bone Joint J 102:458–462. https://​doi.​org/​10.​1302/​0301-​
620x.​102b4.​Bjj-​2019-​0719.​R2

	23.	 Wilke BK, Wagner ER, Trousdale RT (2014) Long-term survival 
of semi-constrained total knee arthroplasty for revision surgery. J 
Arthroplasty 29:1005–1008. https://​doi.​org/​10.​1016/j.​arth.​2013.​
10.​025

	24.	 Barnoud W, Schmidt A, Swan J, Sappey-Marinier E, Batailler C, 
Servien E, Lustig S (2021) Condylar constrained knee prosthesis 
and rotating hinge prosthesis for revision total knee arthroplasty 
for mechanical failure have not the same indications and same 
results. Sicot j 7:45. https://​doi.​org/​10.​1051/​sicotj/​20210​46

	25.	 Theil C, Schwarze J, Gosheger G, Poggenpohl L, Ackmann T, 
Moellenbeck B, Schmidt-Braekling T, Ahrens H (2022) Good 
to excellent long-term survival of a single-design condylar con-
strained knee arthroplasty for primary and revision surgery. Knee 
Surg Sports Traumatol Arthrosc 30:3184–3190. https://​doi.​org/​10.​
1007/​s00167-​021-​06636-2

	26.	 Nakano N, Matsumoto T, Muratsu H, Ishida K, Kuroda R, Kuro-
saka M (2016) Revision total knee arthroplasty using the modern 

https://doi.org/10.1016/j.arth.2017.05.052
https://doi.org/10.1016/j.arth.2023.02.052
https://doi.org/10.1016/j.arth.2017.01.001
https://doi.org/10.1016/j.arth.2017.01.001
https://doi.org/10.1016/j.arth.2017.09.041
https://doi.org/10.1016/j.arth.2017.09.041
https://doi.org/10.23750/abm.v88i2-S.6520
https://doi.org/10.23750/abm.v88i2-S.6520
https://doi.org/10.1007/s00167-012-1998-2
https://doi.org/10.1007/s00167-012-1998-2
https://doi.org/10.1007/s00167-021-06716-3
https://doi.org/10.1007/s12306-023-00790-1
https://doi.org/10.1007/s12306-023-00790-1
https://doi.org/10.1371/journal.pone.0214279
https://doi.org/10.1007/s11596-016-1572-0
https://doi.org/10.1007/s11596-016-1572-0
https://doi.org/10.1186/s10195-020-00561-9
https://doi.org/10.1186/s10195-020-00561-9
https://doi.org/10.1111/os.13686
https://doi.org/10.1111/os.13686
https://doi.org/10.1016/j.arth.2011.05.010
https://doi.org/10.1016/j.arth.2011.05.010
https://doi.org/10.2106/jbjs.19.00753
https://doi.org/10.2106/jbjs.19.00753
https://doi.org/10.1016/s0883-5403(96)80132-x
https://doi.org/10.1016/s0883-5403(96)80132-x
https://doi.org/10.1016/j.arth.2023.04.063
https://doi.org/10.1097/00000542-198303000-00016
https://doi.org/10.1097/00000542-198303000-00016
https://doi.org/10.1016/j.arth.2015.05.049
https://doi.org/10.1016/j.arth.2015.05.049
https://doi.org/10.1016/j.arth.2019.07.008
https://doi.org/10.1016/j.arth.2019.07.008
https://doi.org/10.1302/0301-620x.102b4.Bjj-2019-0719.R2
https://doi.org/10.1302/0301-620x.102b4.Bjj-2019-0719.R2
https://doi.org/10.1016/j.arth.2013.10.025
https://doi.org/10.1016/j.arth.2013.10.025
https://doi.org/10.1051/sicotj/2021046
https://doi.org/10.1007/s00167-021-06636-2
https://doi.org/10.1007/s00167-021-06636-2


1187International Orthopaedics (2024) 48:1179–1187	

constrained condylar knee prosthesis. Acta Ortop Bras 24:304–
308. https://​doi.​org/​10.​1590/​1413-​78522​01624​06146​213

	27.	 Liao CD, Tsauo JY, Huang SW, Chen HC, Chiu YS, Liou TH 
(2019) Preoperative range of motion and applications of continu-
ous passive motion predict outcomes after knee arthroplasty in 
patients with arthritis. Knee Surg Sports Traumatol Arthrosc 
27:1259–1269. https://​doi.​org/​10.​1007/​s00167-​018-​5257-z

	28.	 Kolin DA, Lyman S, Della Valle AG, Ast MP, Landy DC, Chalm-
ers BP (2023) Predicting postoperative anemia and blood transfu-
sion following total knee arthroplasty. J Arthroplasty 38:1262-
1266.e1262. https://​doi.​org/​10.​1016/j.​arth.​2023.​01.​018

	29.	 Chen L, Zhao C, Luo Y, Wang Q, Li Q, Kang P (2023) Different 
doses of intravenous tranexamic acid in revision total knee arthro-
plasty: a retrospective study. J Knee Surg 36:652–657. https://​doi.​
org/​10.​1055/s-​0041-​17405​85

	30.	 Luque R, Rizo B, Urda A, Garcia-Crespo R, Moro E, Marco F, 
López-Duran L (2014) Predictive factors for failure after total 
knee replacement revision. Int Orthop 38:429–435. https://​doi.​
org/​10.​1007/​s00264-​013-​2268-8

	31.	 Sanz-Ruiz P, León-Román VE, Matas-Diez JA, Villanueva-
Martínez M, Vaquero J (2022) Long-term outcomes of one 
single-design varus valgus constrained versus one single-design 
rotating hinge in revision knee arthroplasty after over 10-year 
follow-up. J Orthop Surg Res 17:135. https://​doi.​org/​10.​1186/​
s13018-​022-​03026-3

	32.	 Lee CR, Kim CW, Park DH, Kwon YU, Yoon JM (2023) Risk of 
infection after septic and aseptic revision total knee arthroplasty: a 
systematic review. J Bone Joint Surg Am. https://​doi.​org/​10.​2106/​
JBJS.​23.​00361

	33.	 Shichman I, Ward SA, Lu L, Garceau S, Piuzzi NS, Seyler TM, 
Schwarzkopf R (2023) Failed two-stage revision knee arthroplasty 
for periprosthetic joint infection — patient characteristics and out-
comes. J Arthroplasty. https://​doi.​org/​10.​1016/j.​arth.​2023.​04.​063

	34.	 Fleischman AN, Azboy I, Fuery M, Restrepo C, Shao H, Parvizi 
J (2017) Effect of stem size and fixation method on mechani-
cal failure after revision total knee arthroplasty. J Arthroplasty 
32:S202-S208.e201. https://​doi.​org/​10.​1016/j.​arth.​2017.​04.​055

	35.	 Meijer MF, Reininga IH, Boerboom AL, Stevens M, Bulstra SK 
(2013) Poorer survival after a primary implant during revision 
total knee arthroplasty. Int Orthop 37:415–419. https://​doi.​org/​
10.​1007/​s00264-​012-​1739-7

	36.	 Maynard LM, Sauber TJ, Kostopoulos VK, Lavigne GS, Sewecke 
JJ, Sotereanos NG (2014) Survival of primary condylar-con-
strained total knee arthroplasty at a minimum of 7 years. J Arthro-
plasty 29:1197–1201. https://​doi.​org/​10.​1016/j.​arth.​2013.​11.​018

	37.	 Ye CY, Xue DT, Jiang S, He RX (2016) Results of a second-
generation constrained condylar prosthesis in complex primary 
and revision total knee arthroplasty: a mean 5.5-year follow-up. 
Chin Med J (Engl) 129:1334–1339. https://​doi.​org/​10.​4103/​0366-​
6999.​182845

	38.	 LaMonica J, Pham N, Milligan K, Tommasini SM, Schwarzkopf 
R, Parisi R, Wiznia DH (2023) How metal augments, polyethylene 
thickness and stem length affect tibial baseplate load transfer in 
revision total knee arthroplasty. Knee 40:283–291. https://​doi.​org/​
10.​1016/j.​knee.​2022.​11.​021

	39.	 Innocenti B, Bori E, Pianigiani S (2022) Biomechanical analysis 
of the use of stems in revision total knee arthroplasty. Bioengi-
neering (Basel) 9:259. https://​doi.​org/​10.​3390/​bioen​ginee​ring9​
060259

	40.	 Rand JA, Bryan RS (1988) Results of revision total knee arthro-
plasties using condylar prostheses. A review of fifty knees. J Bone 
Joint Surg Am 70:738–745

	41.	 Lai MC, Chen JY, Liow MHL, Tay DKJ, Lo NN, Pang HN, 
Yeo SJ (2020) Is constraint implant with metaphyseal sleeve 
a viable option for revision TKR with preoperative coronal 
plane instability and bone defect? J Orthop Surg (Hong Kong) 
28:2309499020926313. https://​doi.​org/​10.​1177/​23094​99020​
926313

	42.	 Daffara V, Zambianchi F, Bazzan G, Matveitchouk N, Berni A, 
Piacentini L, Cuoghi Costantini R, Catani F (2023) No differ-
ence in clinical outcomes between functionally aligned cruciate-
retaining and posterior-stabilized robotic-assisted total knee 
arthroplasty. Int Orthop 47:711–717. https://​doi.​org/​10.​1007/​
s00264-​023-​05693-1

	43.	 Kwon KT, Han KY, Lee WS, Kim DH (2017) Full cementation in 
revision total knee arthroplasty using a constrained condylar knee 
prosthesis with an average 7-year follow-up. Knee Surg Relat Res 
29:282–287. https://​doi.​org/​10.​5792/​ksrr.​17.​101

	44.	 Laudren A, Delacroix R, Huten D (2023) Is hybrid fixation in 
revision TKA using LCCK prostheses reliable? Orthop Traumatol 
Surg Res 109:747–753. https://​doi.​org/​10.​1016/j.​otsr.​2023.​103583

	45.	 Song SJ, Le HW, Bae DK, Park CH (2022) Long-term survival 
of fully cemented stem in re-revision total knee arthroplasty per-
formed on femur with diaphyseal deformation due to implant 
loosening. Int Orthop 46:1521–1527. https://​doi.​org/​10.​1007/​
s00264-​022-​05412-2

	46.	 Completo A, Fonseca F, Simões JA (2008) Strain shielding in 
proximal tibia of stemmed knee prosthesis: experimental study. J 
Biomech 41:560–566. https://​doi.​org/​10.​1016/j.​jbiom​ech.​2007.​
10.​006

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1590/1413-785220162406146213
https://doi.org/10.1007/s00167-018-5257-z
https://doi.org/10.1016/j.arth.2023.01.018
https://doi.org/10.1055/s-0041-1740585
https://doi.org/10.1055/s-0041-1740585
https://doi.org/10.1007/s00264-013-2268-8
https://doi.org/10.1007/s00264-013-2268-8
https://doi.org/10.1186/s13018-022-03026-3
https://doi.org/10.1186/s13018-022-03026-3
https://doi.org/10.2106/JBJS.23.00361
https://doi.org/10.2106/JBJS.23.00361
https://doi.org/10.1016/j.arth.2023.04.063
https://doi.org/10.1016/j.arth.2017.04.055
https://doi.org/10.1007/s00264-012-1739-7
https://doi.org/10.1007/s00264-012-1739-7
https://doi.org/10.1016/j.arth.2013.11.018
https://doi.org/10.4103/0366-6999.182845
https://doi.org/10.4103/0366-6999.182845
https://doi.org/10.1016/j.knee.2022.11.021
https://doi.org/10.1016/j.knee.2022.11.021
https://doi.org/10.3390/bioengineering9060259
https://doi.org/10.3390/bioengineering9060259
https://doi.org/10.1177/2309499020926313
https://doi.org/10.1177/2309499020926313
https://doi.org/10.1007/s00264-023-05693-1
https://doi.org/10.1007/s00264-023-05693-1
https://doi.org/10.5792/ksrr.17.101
https://doi.org/10.1016/j.otsr.2023.103583
https://doi.org/10.1007/s00264-022-05412-2
https://doi.org/10.1007/s00264-022-05412-2
https://doi.org/10.1016/j.jbiomech.2007.10.006
https://doi.org/10.1016/j.jbiomech.2007.10.006

	Clinical outcome and survival rate of condylar constrained knee prosthesis in revision total knee arthroplasty: an average nine point six year follow-up
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Materials
	Surgical procedures and implant features
	Follow-up
	Statistical analysis

	Results
	Clinical outcomes
	Radiographic outcomes
	Complications

	Discussion
	Conclusion
	References


