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Abstract
Background  The use of a tibial stem for large deformities (> 10°) would reduce the incidence of pain. The aim of this study 
was to compare the effect of tibial stem on postoperative pain and aseptic loosening at the tibia in patients with a preopera-
tive deformity > 10° in the frontal plane at 2 years follow-up.
Methods  This was a retrospective single-center case–control study. Ninety-eight patients with deformities greater than 10° 
in the frontal plane and a BMI > 30 kg/m2 who had undergone posterior-stabilized (PS) total knee arthroplasty (TKA) with 
a tibial stem were matched using a propensity score to 98 patients who had undergone PS TKA without a tibial stem. The 
primary endpoint was the pain rate at 2 years. The secondary endpoints were the rate of aseptic loosening of the tibia at 
2 years post-operatively.
Results  A significant difference was found in the rate of postoperative pain at 2 years. It was higher in the group without 
tibial stem compared with the group with tibial stem (41.8% vs 17.3%, p = 0.0003). In the group without tibial stem, 24.4% 
of pain was mild, 61% moderate and no severe pain. In the tibial stem group, 47.1% of pain was mild, 41.2% moderate and 
no severe pain. A radiolucent line (RLL) was present at 2 years in 26.5% of prostheses in the without tibial stem group and 
in 9.2% of prostheses in the tibial stem group (p = 0.002).
There was no difference between the two groups in terms of aseptic loosening.
Conclusion  The use of a tibial stem in primary TKA in patients with frontal deformities greater than 10° reduces postopera-
tive pain and the presence of radiolucent lines.

Keywords  Primary total knee arthroplasty · Metaphyseal tibial stem extension · Osteoarthritis · Obesity · Aseptic 
loosening · Pain

Introduction

The annual number of total knee arthroplasties (TKA) con-
tinues to increase [1, 2]. This is due to an aging population 
[3] and an increase in the prevalence of obesity. In 2014, 
14% of the world’s population was obese [3].

Despite the forgotten goal of total knee arthroplasty [4], 
depending on the study, up to 30% of postoperative pain 

persists [5] and approximately 10% of primary TKA require 
revision [6]. The two main causes of revision, apart from 
sepsis, are aseptic loosening (mainly of the tibia) and pain 
of no etiology [6]. Long-term pain [7] is partially explained 
[6] and has multifactorial causes [5, 8]. Some of this pain is 
of mechanical origin [9]. Little research has been done on 
preoperative frontal deformities greater than 10°. To date, 
no study has shown a correlation between the size of the 
preoperative deformity and postoperative pain [10, 11].

The incidence of tibial stems in primary TKA is increas-
ing [12] with increasingly well-defined indications. It could 
reduce the rate of aseptic loosening in obese patients [13, 
14], osteoporotic patients [15] and in frontal deformities 
greater than 8° [16]. Recently, an analysis from an Australian 
registry found that primary stemmed TKA had lower rates 
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of all-cause revision beyond 1.5 years [17]. The relationship 
between pain and the presence or absence of a tibial stem 
was not observed in these studies for deformities greater 
than > 10°.

Tibial stems allow epiphyseal stresses to be transferred to 
metaphyseal–diaphyseal stresses [18, 19], thereby reducing 
tibial micromovements at the bone–cement interface [20]. 
This improved stress distribution would reduce the rate of 
aseptic loosening, which is particularly high in severe varus 
due to the high mechanical stresses [21, 22]. No study has 
reported the effect of a tibial stem on pain or the rate of asep-
tic loosening in patients with severe preoperative deformity.

The aim of this study was to compare the effect of a tibial 
stem on postoperative pain and aseptic loosening of the tibia 
in patients with a preoperative frontal plane deformity of 
> 10° at 2-year follow-up.

Our hypothesis was that the presence of a tibial stem 
would reduce the rate of painful patients and the rate of 
aseptic loosening due to a better distribution of stress.

Materials and methods

Study design and population

This is a single-center retrospective cohort study conducted 
between January 2018 and December 2019 at Lariboisière 
Hospital. All patients who had a primary posterior-stabi-
lized TKA HIFIT (Ceraver, France) for primary gonarthrosis 
and preoperative frontal deformity greater than 10° were 
included. After 2018, all patients with a deformity greater 
than 10° in frontal plane had a tibial stem. This series was 
matched using a propensity score to a historical cohort of 
patients with the same characteristics but without a tibial 
extension stem.

Of the 367 patients who underwent TKA for primary 
gonarthrosis with a preoperative deformity greater than 
10°, we excluded 269 patients because of a follow-up of 
less than 2 years or because of a constitutional pathology 
(Fig. 1). After matching, 196 patients were included in 
the final analysis, 144 (73.5%) of whom were women. 90 
(45.9%) patients underwent right knee surgery. The mean 
age was 68.4 years ± 8798, the mean body mass index (BMI) 
was 35.8 kg/m2 ± 7605, and the preoperative deformity was 
196° ± 4.2.

Surgical procedure

The approach used was a medial parapatellar approach, with 
subperiosteal release of the medial collateral ligament and 
systematic resection of the central pivot. In order to achieve 
mechanical alignment, the cuts were guided by navigation 
(Orthokey, Miro, Italy), first in the femur and then in the 

tibia. Ligament balance was checked by external maneu-
vers and via navigation after fitting the trial implants. All 
implants were cemented with Palacos® genta bone cement, 
and the patellas resurfaced with an ultra-high molecular 
weight polyethylene patellar button.

A tibial extension stem, 50 mm long and of variable 
diameter (10–19 mm), could be fitted according to the sur-
geons’ habits; they were usually cemented proximally and 
not cemented distally.

Peri- and intraoperative pain relief was provided by 
a locoregional femoral analgesic block combined with a 
Naropin catheter removed at Day 3, and local Ropivacaine 
infiltration. The patients were also placed in a Game Ready® 
splint (analgesic cryotherapy) immediately after the opera-
tion and mobilized from Day 0 using a Kinetec® type knee 
arthromotor. Postoperative care was identical for all patients 
without immobilization and an early rehabilitation program 
with immediate post-operative full weight bearing on the 
operated limb with crutches, and educational therapy pro-
vided by a physiotherapist. Patients were reviewed in con-
sultation with a full radiological check-up (face, profile, and 
EOS) at 3, 12 and 24 months and then annually.

Judging criteria

The primary outcome was the presence or absence of pain at 
the 2-year follow-up visit. If pain was present, it was asked 
to the patient to classify into 4 categories: mild, moderate, 
severe, and neurogenic.

Secondary endpoints were the rate of appearance of a 
radiolucent line on the tibia and the rate of revision surgery 

Fig. 1   Flow chart
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at 2 years post-operatively. Radiolucent line was defined as 
the presence of an evolving radiolucent image at the pros-
thesis–cement interface or bone cement of more than 2 mm 
or tilting of the tibial implant in zones 1–5 as defined by 
the Modern Knee Society Radiographic Evaluation System 
[23–25]. This radiolucent line did not have to be present on 
the immediate postoperative X-ray and was monitored inde-
pendently by two investigators at the last follow-up.

Statistical analysis

To match the two groups and limit the impact of external 
factors and any potential selection bias, a propensity score 
matching method was applied. A propensity score was cal-
culated considering the patient’s age at surgery, BMI, pre-
operative deformity and gender. Each patient who had TKA 
with tibial stem was matched with a patient who had TKA 
without tibial stem in a 1:1 ratio. Matching was performed 
using a logit scale with a calibration of 0.2. For the descrip-
tive analysis of discrete variables, we used frequencies and 
percentages; for continuous variables, we used the mean and 
standard deviation. For comparative analysis, a Fischer’s 
exact test was used for percentages and a Wilcoxon test for 
continuous variables. Kaplan–Meier analysis was used to 
analyze TKA survival. The significance level was 5%, with 
a power of 80% and a risk of the first kind at 5%. R soft-
ware (version 3.5.0) was used for statistical analysis (https: 
//www.r-​proje​ct.​org/).

Results

Population characteristics

Each group consisted of 98 matched patients. The 
groups were similar with respect to age (68.43 ± 7.886 
vs 68.36 ± 9.664; p = 0.77), BMI (35.11 ± 6.87 vs 
36.49 ± 8.252; p = 0.11), male/female distribution (74.5% vs 

72.4%; p = 0.87) and type of deformation (for varus, 90.8% 
vs 86.7%, p = 0.50). There was still a difference between the 
two groups in terms of preoperative deformity (13.42° vs 
15.79°, respectively, in the group without tibial stem and 
with tibial stem; p = 0.0001). All demographic data for the 
two groups are summarized in Table 1.

Pain at 2 years post‑operatively

Pain was present in 41.8% of patients in the group with-
out tibial stem and only 17.3% in the tibial stem group 
(p = 0.0003, Fig. 2). In the group without tibial stem, there 
was 24.4% mild pain, 61% moderate pain, 14.6% neurogenic 
pain and no severe pain. In the tibial stem group, there was 
47.1% mild pain, 41.2% moderate pain, 11.8% neurogenic 
pain and no severe pain. There was no difference between 
the two groups in the type of pain (p = 0.24, Table 2). 

Table 1   Comparison between 
the two preoperative groups

Bold indicates significant results with a p value < 0.05

Parameters Values N Statistics N2 Statistics p value
98 Without tibial stem 98 With tibial stem

Age 98 68.43(7.886) 98 68.36(9.664) 0.77
BMI 98 35.11(6.87) 98 36.49(8.252) 0.11
Gender F 73 74.5% 71 72.4% 0.87

M 25 25.5% 27 27.6%
Side Right 43 43.9% 47 48% 0.67

Left 55 56.1% 51 52%
Type of deformity Valgus 9 9.2% 13 13.3% 0.50

Varus 89 90.8% 85 86.7%
Preoperative deformity (°) 98 13.42(3.413) 98 15.79(4.709) 0.0001

Fig. 2   A plot showing the percentage of pain at final follow-up 
between the group with a tibial stem versus the group without tibial 
stem. Blue represents patient with no pain at final follow-up and red 
patients with pain at final follow-up

http://www.r-project.org/
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Radiolucent lines and revision surgery rates 
at 2 years post‑operatively

A radiographic radiolucent line was present at 2 years in 26.5% 
prostheses in the group without tibial stem and in only 9.2% 
prostheses in the tibial stem subgroup (p = 0.002, Table 2). The 
location was 26.9% external tibial, 65.4% internal and 7.7% 
in both compartments in the group without tibial stem. The 
location was again predominantly internal in the tibial stem 
group, with 88.9% internal and 11.1% external. A difference 
was found between the two groups on survival analysis regard-
ing the appearance of radiolucent lines in favor of the group 
with tibial stem (p < 0.01, Fig. 3).

There was no aseptic loosening at two years in either group. 
There was one revision for synthesis in the group without tibial 
stem for peri-prosthetic fracture and one revision by rotative 
hinge knee in the tibial stem group for posterior dislocation. 
There was no significant difference in the rate of revision sur-
gery at 2 years between the two groups (p = 0.9, Fig. 4).

Discussion

The aim of this study was to show that the addition of a tibial 
stem to primary TKAs in large frontal deformities reduces 
pain. The secondary objective was to show a reduction in 
aseptic loosening of the tibia and, consequently, a reduction 
in the number of radiological radiolucent lines.

There was a significant difference in pain between the two 
groups, with 41.8% of patients in the group without tibial 
stem and only 17.3% in the tibial stem group (p = 0.0003). 
This difference was particularly noticeable for moderate 
pain, with 25 patients in the group without tibial stem com-
pared with 7 in the tibial stem group. Extension stem with 
metaphyseal support appears to be a limiting factor in post-
operative pain.

The rate of aseptic loosening of the tibial component in 
our study was comparable between the two groups. In fact, 
our study found no aseptic loosening at two years in either 
the extension stem group or the no stem group. The rate of 

Table 2   Comparison between 
the two post-operative groups

Bold indicates significant results with a p value < 0.05

Parameters Values N Statistics N2 Statistics p value
98 Without tibial stem 98 With tibial stem

Complications No 94 95.9% 94 95.9% 1.00
Yes 4 4.1% 4 4.1%

Type of complications Fracture 1 25% 1 25% 0.66
ISO 1 25% 2 50%
Luxation 0 0% 1 25%
Stiffness 2 50% 0 0%

RLL at 2 years No 72 73.5% 89 90.8% 0.002
Yes 26 26.5% 9 9.2%

Location of RLL at 2 years FTE 7 26.9% 1 11.1% 0.53
FTI 17 65.4% 8 88.9%
FTI + FTE 2 7.7% 0 0%
NA 72 89

RLL size at 2 years < 2 22 84.6% 8 88.9% 1.00
> 2 4 15.4% 1 11.1%

Recovery at 2 years No 97 99% 97 99% 1.00
Yes 1 1% 1 1%

Post-operative deformity 98 1.796(1.747) 98 2.286(1.974) 0.040
Pain No 57 58.2% 81 82.7% 0.0003

Yes 41 41.8% 17 17.3%
Type of pain Mild pain 10 24.4% 8 47.1% 0.24

Moderate pain 25 61% 7 41.2%
Neurogenic pain 6 14.6% 2 11.8%
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aseptic loosening found in the literature is mainly studied at 
5 years [26]. Piedade et al. [27], who evaluated the causes of 
keelless TKR failure at 5 years, found an aseptic loosening 
rate of 2%. Hinman et al. [28] who matched 10,476 TKRs 
without and with stems found a rate of 0.32% and 1.4%, 
respectively, at 5 years. According to Sharkey et al. [29], 
aseptic loosening occurs more frequently from two years 
after the insertion of a TKR without a keel, at which point 
the risk of aseptic loosening is multiplied by 2.5. Recently, 
an analysis from Australian registry observed that primary 
stemmed TKA have lower rates of all-cause revision beyond 
1.5 years [17].

There was therefore no early loosening in our study, but 
it is possible that we do not have enough hindsight to deter-
mine the rate of aseptic loosening in the longer term.

An important aspect of our study concerns the radiolu-
cent lines which are less present in the group without tibial 
stem than in the tibial stem group, respectively, 26.5% ver-
sus 9.2% (p = 0.002). These results, in patients with a large 
preoperative frontal deformity, are in line with the results of 
the literature. In particular, Completo et al. [30] suggest a 
reduction in micromovements of the implant and a distribu-
tion of forces from the cortical and cancellous bone to the 
stem or, more simply, from a proximal epiphyseal load to a 
distal diaphyseal load. As a reminder, 20% load transfer for 

Completo et al. [31] and, earlier, 30% for Rawlinson et al. 
[32] and Murase et al. [33].

The choice of implants and the addition of a stem was 
determined by the surgeon’s experience and not by randomi-
zation, but this had no negative impact on the distribution 
of the numbers.

Complications were similar in the two groups before 
matching: one infection in the group without tibial stem ver-
sus two in the tibial stem group, one periprosthetic fracture 
in the group without tibial stem versus one in the tibial stem 
group, two knee stiffnesses in the group without tibial stem, 
none in the tibial stem group, one dislocation in the tibial 
stem group. Complications are correlated with the results of 
the literature and we found no difference in mechanical com-
plications or early loosening (defined as less than 2 years).

Although the use of keels is associated with more com-
plications, pain at the end of the stem [34] and the risk of 
peri-prosthetic fracture due to excessive load transfer to the 
diaphysis [31]. This risk is found above all in diaphyseal-
supported prostheses. Nor were there any complications 
during revision surgery due to bone loss associated with 
metaphyseal-supported stems, as there was no revision sur-
gery in our study.

The advantages of this study are the large cohort, with 98 
patients in each group and no patients lost to follow-up, and 

Fig. 3   Survival curve of radiolucent lines between tibial stem group 
and group without tibial stem. Y-axis represented survival rate (from 
100 to 0%) and X-axis time in years. The plain black line represents 
the group without a tibial stem, and the red broken line represents the 
group with a tibial stem

Fig. 4   Survival curve of revision between tibial stem group and group 
without tibial stem. Y-axis represented survival rate (from 100 to 0%) 
and X-axis time in years. The plain black line represents the group 
without a tibial stem, and the red broken line represents the group 
with a tibial stem
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comparable groups in terms of both pre-operative and post-
operative data. Preoperatively, the patients were comparable 
according to gender, age and BMI.

However, according to Ritter et al. [22] large and very 
large preoperative deformities increase the risk of aseptic 
loosening, as do Oh et al. [35] who also distinguish varus 
> 15°. Thus, the increase in varus in the keel group rein-
forces the results of this study on loosening, edging and pain.

This study has several limitations, the first of which are 
the retrospective nature of the study, the absence of randomi-
zation, the limited follow-up date of two years and, finally, 
an indication bias for the choice of adding a stem.

Another limitation is that reading introduces a classifica-
tion bias, as explained by Bach et al. [24]; the interpreta-
tion of X-rays is observer-dependent and not very reproduc-
ible. As described by Chalmers et al. [23] the analysis of an 
evolving radiolucent line of sufficient size to obtain optimum 
sensitivity.

A final limitation is the assessment bias associated with 
pain data collection. Our data collection was initially based 
on a VAS-type scale, grouped into 4 categories and not into 
a score such as the KSS like similar studies concerning tibial 
extension stems [36, 37]. However, according to Boeckstyns 
and Backer [38] who compared the knee pain questionnaire 
with a simple VAS pain scale, the latter was more effective 
in characterizing pain. There is no memory bias since the 
data collected were radiological and the pain assessment 
objective.

It is therefore necessary to continue the follow-up in order 
to confirm our current results, all the more so as these results 
are in line with the literature on both edging and pain [13, 
39].

In the literature, Park et al. [39] found 3.9% of aseptic 
loosening at 11 years in patients with a varus deformity 
greater than 8° without an extension stem, but none in the 
group with a stem. The result may be altered by the recruit-
ment bias of this study, in which the population was pre-
dominantly female and of Asian origin only, which is not 
the case in our study. Similarly, Fournier et al. [13] found 
an aseptic loosening rate of 3% in patients with a deformity 
greater than 10° without an extension stem at two years.

It should be noted that our group of patients had an aver-
age BMI of 35.8 kg/m2, 35.11 kg/m2 in the group without 
tibial stem and 36.49 kg/m2 in tibial stem group, with a two-
fold increase in the risk of aseptic loosening according to 
Abdel et al. [40]. According to Parratte et al. [36], the figure 
of 3% of aseptic loosening in patients with severe obesity 
without a stem compared with 0 with an extension stem at 
two years.

The use of tibial stem for aseptic loosening has not been 
widely described in the literature, except in the case of 
revision surgery. According to Lachiewicz and Soileau 
[41], the use of a cemented 3 cm tibial extension stem 

in revision TKA allows implant stability to be obtained 
despite defects; they found no aseptic loosening in their 
series, a result to be weighed against the fact that the 
cohort was small. Similarly, Fehring et  al. [15] found 
no aseptic loosening in 107 patients with a cemented 
tibial extension stem. However, Angers-Goulet and Béd-
ard [42] who followed 91 patients with complex TKRs 
(BMI > 35 kg/m2, ligament instability or bone defects) 
over 7 years, found no aseptic loosening and confirm 
the advantage of using cemented tibial stems in complex 
TKRs.

Thus, despite insufficient follow-up, our study is con-
sistent with the literature and its 10-year follow-up con-
cerning the very low rate, or even absence, of aseptic tibial 
loosening in TKA with tibial extension stem, but it should 
be continued.

About pain, this study showed a reduction in pain in 
the tibial stem group, with a reduction mainly in moderate 
pain. Tibial stems allow epiphyseal stresses to be trans-
ferred to metaphyseal–diaphyseal stresses [18, 19] and 
thus reduce tibial micromovements at the bone/cement 
interface [20]. Perhaps, this better distribution of stresses 
would reduce the pain.

Although pain at the distal end of the stem has been 
described [20]. The literature distinguishes between meta-
physeal and diaphyseal stems and reports more pain in 
diaphyseal stems [43]. Our study involved TKRs with 
metaphyseal-supported stems and hybrid cementing. The 
absence of pain suggestive of pain on the tip of the stem 
is probably due to their short length (5 cm), the type of 
cementing [44] to the fact that there is no conflict with the 
cortex and therefore no constraint on the positioning of 
the tibial implant (anteroposterior or mediolateral) and to 
better load distribution [45].

There are few studies in the literature examining the 
link between extension stems in primary TKA and pain, 
which is included in composite scores. According to our 
study, stem would reduce pain in obese patients with a 
large deformity at 2 years and would require prolonged 
follow-up to see if this difference persists.

About radiolucent lines, given the absence of loosening, 
no link between the two could be established in this study. 
Few studies have looked for a correlation between exten-
sion stems in primary TKA and radiolucent lines. Angers-
Goulet and Bédard [42], in their study of complex TKAs 
(defined above), found a lower incidence of radiolucent 
lines in TKAs with stem. Kajetanek et al. [37], in their 
study of mini-stems in the minimally invasive approach, 
observed a correlation between radiolucent lines and asep-
tic loosening. It may be assumed that there is a relation-
ship between these lines and aseptic loosening, but further 
follow-up of these patients is required.
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Conclusion

The addition of a tibial stem to primary TKRs in frontal 
deformities greater than 10° reduces postoperative pain and 
the presence of radiolucent lines at 2 years postoperatively. 
Prolonged follow-up is required to determine whether these 
results are maintained over the long term and whether this is 
associated with a reduction in aseptic loosening. We recom-
mend to use of a short tibial stem for primary TKA with an 
initial frontal deformation > 10° to reduce pain.
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