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Abstract
Purpose This study aimed to investigate stress shielding of anatomical tibial components (ATCs) in comparison to conven-
tional symmetric tibial components (STCs) in Korean patients which may be related to medial tibial bone loss.
Method 78 knees in 59 patients with ATCs (Persona™) and 74 knees in 58 patients with STCs (NexGen LPS-Flex™) were 
retrospectively reviewed. Radiographic parameters and clinical outcomes in both groups were compared. Logistic regression 
analysis was performed to identify risk factors for medial tibial bone loss.
Results Medial tibial bone loss was significantly greater in the ATC group (1.6 ± 1.3 mm) than in the STC group 
(0.4 ± 0.8 mm) (p < 0.001). The ATC group showed a shorter distance between the distal metal tip and anteromedial cortex 
and higher invading into the sclerotic bone lesion (ISBL) than the STC group (p = 0.034 and p = 0.044, respectively). Mul-
tiple logistic regression analysis suggested ATC, a shorter distance to the anteromedial cortex, and the presence of ISBL as 
risk factors for medial tibial bone loss. The odds ratios of medial tibial bone loss according to type of prosthesis, distance 
to anteromedial cortex, and presence of ISBL were 6.25 (range 2.86–13.63, p < 0.001), 0.69 (range 0.51–0.93, p = 0.015), 
and 3.79 (range 1.56–9.21, p = 0.003), respectively. Notwithstanding, there was no difference in clinical outcomes between 
the two groups.
Conclusion In Korean patients, ATCs potentially causes greater medial tibial bone loss due to stress shielding than STCs. 
The design, however, does not yet appear to affect clinical outcomes at mid-term follow-up.
Level of evidence Retrospective cohort study, level III.

Keywords Total knee arthroplasty · Stress shielding · Medial tibial bone loss · Anatomical tibial component · Medialized 
keel · Asymmetric tibial base plate

Introduction

Total knee arthroplasty (TKA) shows excellent results in 
the treatment of end-stage knee osteoarthritis (OA). With 
increases in the average human life span, the demand and 
indications for TKA are concomitantly increasing. To meet 
this demand, prostheses with various materials and designs 

have been developed, the characteristics of which can affect 
long-term clinical outcomes [17].

Medial tibial bone loss due to the phenomenon of stress 
shielding is a well-known complication of TKA that can 
cause loosening or migration of an implant. The incidence 
of medial tibial bone loss varies depending on the charac-
teristics of the tibial component of an implant. Martin et al. 
reported that a tibial component composed of cobalt chrome 
(CoCr) alloy, which is a material with high elastic modulus, 
caused more bone loss than titanium (Ti) alloy or all-poly-
ethylene components [12]. In another study, they reported 
that bone loss was greater with the use of thicker baseplates 
for the same CoCr alloy tibial components [13]. Predispos-
ing patient factors, such as the degree of correction of the 
hip–knee–ankle angle (HKA) [8] and the alignment of an 
implant [15], interact in a complex manner with the charac-
teristics of a prosthesis.
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A base plate designed with an anatomical tibial compo-
nent (ATC) is similar to the tibial section of the human body, 
allowing for optimal rotational alignment and maximum tib-
ial surface coverage [4]. Its medialized keel allows for bet-
ter alignment between the tibial component and tibial shaft. 
This anatomical design is expected to provide good clinical 
outcomes and longevity of the prosthesis [7]. However, to 
our knowledge, there has been no report on the occurrence 
of stress shielding in association with ATC, especially in 
Asian patients.

Significant varus and increased proximal tibial vara are 
common in Korean knee osteoarthritic patients [10, 11]. 
Thus, the stem of the tibial component would tend to be 
placed in a medialized position when aiming for mechanical 
alignment [19]. In addition, as the location of the canal in 
regards to the tibial plateau for Asian patients is in an ante-
rolateral position, contrary to Caucasian patients, it is more 
likely that the stem would be biased to the medial position 
when using ATCs with a medially offset stem [18, 20]. Thus, 
we hypothesized that ATC with medially offset stem would 
not be effective for stress transfer in Korean patients or in 
those with similar anatomical structures, so it could induce 
stress shielding which may be related to medial tibial bone 
loss.

Therefore, this study aimed to investigate differences in 
radiographic characteristics and clinical outcomes of ATCs 
and conventional symmetric tibial components (STCs) in 
Korean patients.

Material and methods

Patient selection

With approval from Institutional Review Board (3-2019-
0155) of the author’s institution (Gangnam Severance Hos-
pital), 234 knees in 184 Korean adult patients who consecu-
tively received primary TKA with designated prostheses for 
degenerative OA from July 2013 to June 2016 were enrolled. 
A STC (NexGen LPS-Flex™) and an ATC prosthesis (Per-
sona™) from a single manufacturer (Zimmer, Warsaw, IN, 
USA) were used. Prior to May 2015, STC was used, and 
ATC was used afterwards. All perioperative protocols, 
except for implant type, were the same. The exclusion cri-
teria were as follows: (1) patients who were not followed 
for more than 2 years; (2) patients who did not undergo an 
image study for evaluation; (3) patients with a history of 
previous infection, trauma, rheumatoid arthritis and osteone-
crosis; and (4) patients with severe bone defects using bone 
grafts, metal blocks, or long stems. Finally, 152 knees in 117 
patients were included in this study. There were 78 knees 
(59 patients) in the ATC group and 74 knees (58 patients) in 
the STC group. Demographic data, radiographic parameters, 

and clinical outcome scores of the two groups are shown in 
Table 1.

Surgical procedure

All surgeries were performed with a posterior stabilized 
type TKA using a midvastus approach by a single experi-
enced surgeon. A tourniquet was inflated just before making 
the skin incision and was deflated after skin closure. All 
operations were performed with mechanically aligned TKA 
to ensure that the tibia was cut at 90° to the axis using an 
extramedullary guide. If a sclerotic bone was present on the 
medial tibial plateau after tibial cutting, a small drill was 
used to puncture the sclerotic bone area at 3 mm intervals 
to improve intrusion of the cement. All surgical procedures 
and perioperative protocols were the same except for the 
type of prosthesis.

Data collection

All radiographs taken at the hospital and at outpatient clinics 
were true anterior–posterior radiographic images with the 
patella as the center. The bone loss extent in coronal radio-
graphs and distance to the cortex in computed tomography 
(CT) images were measured with calibration based on the 
actual size of the implant.

All patients underwent preoperative and postoperative 
lower extremity scanograms with measurements of the 
HKA, correction angle and medial proximal tibial angle 
(MPTA). A postoperative fluoroscopic radiograph was 
obtained to measure the deviation of the keel and tibial com-
ponent alignment to tibia axis. Deviation from the coronal 
radiograph was calculated by measuring the distance from 
the distal tip of the keel to the medial and lateral cortex 
in a horizontal direction on the base plate of the implant 
(deviation = distance to lateral cortex/distance to medial cor-
tex; Fig. 1a). The presence of overhang and underhang was 
also confirmed by postoperative fluoroscopic radiographs. 
Overhang was defined as the absence of tibia bone below 
the base plate on immediate postoperative radiographs, and 
underhang was defined as exposure of the tibial cut surface.

Medial tibial bone loss was measured in a coronal radio-
graph with a minimum follow up of 2 years. Medial tibial 
bone loss was defined as the distance between the edge of 
the medial tibial plateau at the inferior tibial baseplate in 
the immediate postoperative radiograph and that of last 
follow-up radiograph (Fig. 2). Joint line orientation angle 
(JLOA) was measured on standing true anterior–posterior 
radiographs at the last follow up.

Our institution routinely performs postoperative low-
dose axial CTs for rotational evaluation within 1 week 
after TKA. When implanting the tibial component, the 
phenomenon in which the keel went beyond the sclerotic 
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bone area of the tibial cut surface was defined as invading 
into the sclerotic bone lesion (ISBL). This was confirmed 

by traces of drilling and cement intrusion in the postop-
erative CT axial plane (Fig. 3). The closest position of the 

Table 1  Patient demographics 
and comparison of ATC and 
STC groups

All quantitative variables are presented as a mean ± standard deviation
ATC  anatomical tibial component, STC symmetric tibial component, BMI body mass index, HKA hip-knee-
ankle angle, MPTA medial proximal tibial angle, JLOA joint line orientation angle, ISBL invading into the 
sclerotic bone lesion, VAS visual analogue scale, KSS knee society score, WOMAC Western Ontario and 
McMaster Universities Arthritis Index

ATC (Persona™) STC (NexGen LPS-Flex™) P value

Age (years) 71.2 ± 5.7 71.1 ± 6.2 n.s.
Female sex 50/59 (84.7%) 54/58 (93.1%) n.s.
BMI (kg/m2) 26.4 ± 3.6 27.3 ± 2.9 n.s.
Tourniquet time (min) 55.7 ± 6.5 56.8 ± 6.6 n.s.
Follow-up (months) 31.9 ± 5.8 33.9 ± 11.5 n.s.
Bone loss
 Incidence (%) 71.8 (56/78) 25.7 (19/74)  < 0.001
 Extent (mm) 1.6 ± 1.3 0.4 ± 0.8  < 0.001

Underhang 4/78 (5.1%) 43/74 (58.1%)
Overhang 4/78 (5.1%) 0/74 (0%)
Medial deviation 1.2 ± 0.2 1.0 ± 0.2  < 0.001
Tibial component alignment (°) Varus 0.2 ± 1.4 Valgus 0.2 ± 1.2 n.s.
HKA
 Preoperative (°) Varus 8.3 ± 5.3 Varus 9.9 ± 5.1 n.s.
 Postoperative (°) Varus 1.1 ± 2.6 Varus 1.6 ± 2.8 n.s.
 Correction (°) 7.2 ± 5.0 8.3 ± 4.3 n.s.

MPTA (°) 85.2 ± 3.2 86.0 ± 2.9 n.s.
JLOA (°) Varus 2.5 ± 1.9 Varus 2.1 ± 2.2 n.s.
Distance to anteromedial cortex (mm) 3.4 ± 1.3 3.9 ± 1.5 0.034
Presence of ISBL (%) 27/78 (34.6%) 14/74 (18.9%) 0.044
VAS score 1.7 ± 2.0 2.1 ± 1.7 n.s.
KSS 86.8 ± 12.0 87.1 ± 13.3 n.s.
KSS (function) 76.7 ± 19.3 77.1 ± 18.5 n.s.
WOMAC 30.4 ± 19.5 32.7 ± 23.5 n.s.
UCLA activity score 4.0 ± 1.1 4.5 ± 1.7 n.s.

Fig. 1  Radiological definitions. 
a Deviation of the keel, b the 
closest position of the distal tip 
to the cortex and the distance to 
the cortex was measured. Dot-
ted lines were drawn based on 
the component orientation
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distal tip of the keel to the cortex and the distance to the 
cortex were also measured in the postoperative CT axial 
plane (Fig. 1b).

Clinical outcome

Clinical outcomes were assessed using Visual analogue 
scale (VAS), Knee society score (KSS), Western Ontario 
and McMaster Universities Arthritis Index (WOMAC), and 
UCLA activity scores.

Statistical analysis

Student’s t-test was used to compare the means of demo-
graphic factors, radiographic parameters, and clinical out-
come scores between the two groups. Logistic regression 
analysis was performed to determine risk factors for medial 
tibial bone loss. Statistical analysis was performed using 
SPSS software for Windows (version 25.0, SPSS, Chicago, 
IL). The statistical software G*Power (version 3.1.9.4; Hein-
rich Heine Universität Düsseldorf, DE) was used for sample 
size calculation [5]. An odds ratio for sample size calculation 

Fig. 2  Measurement of medial tibial bone loss. A A case without overhang or underhang. Bone loss after 38 months is measured as a. B A case 
with underhang. Bone loss after 34 months is measured as b + c

Fig. 3  Invasion into the 
sclerotic lesion (ISBL) of the 
implant. This was confirmed 
by traces of cement intrusion 
on postoperative CT axial cut. 
a Postoperative CT axial cut of 
the left knee without ISBL. b 
Postoperative CT axial cut of 
the left knee with ISBL
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was obtained from the result of a logistic regression anal-
ysis in a pilot study that included 40 subjects. A total of 
147 subjects were required to perform logistic regression 
analysis using power of 0.95 and alpha error of 0.05, and 
hence the sample size of the present study satisfied it. All P 
values < 0.05 were considered statistically significant. The 
intra- and inter-observer reliabilities of measurements were 
assessed using intra-class correlation coefficients.

Results

Radiographic outcomes

Medial tibial bone loss was occurred in 71.8% (56/78) of the 
ATC group and 25.7% (19/74) of the STC group (p < 0.001). 
The extent of bone loss was significantly greater in the ATC 
group (1.6 ± 1.3 mm) than in the STC group (0.4 ± 0.8 mm) 
(p < 0.001). In the ATC group, 5.1% (4/78) of the subjects 
had underhang, and 5.1% (4/78) had overhang. In the STC 
group, 58.1% (43/74) of the subjects had underhang, and 
no cases of overhang were detected. The medial deviation 
of the ATC group was greater than that of the STC group 
(p < 0.001). There were no significant differences in tibial 
component alignment, HKA, correction angle, MPTA, 
JLOA and tourniquet time between the two groups. In 89.7% 
(70/78) of the ATC group and 58.1% (43/74) of the STC 
group, the shortest distance of the distal tip of the keel to 
the cortex was located in the anteromedial area in CT axial 
images. The distal metal tip in the ATC group was closer 

to the anteromedial cortex, compared to the STC group 
(3.4 ± 1.3 mm and 3.9 ± 1.5 mm, p = 0.034) in CT images. 
The ATC group showed greater ISBL than the STC group 
(34.6% and 18.9%, p = 0.044).

Multiple logistic regression analysis suggested that ATC, 
a shorter distance to the anteromedial cortex, and the pres-
ence of ISBL are risk factors for medial tibial bone loss 
(Table  2). When comparing the presence of bone loss 
between the ATC and STC groups, the odds ratio was 6.25 
(range 2.86–13.63, p < 0.001). In addition, the odds ratios 
of medial tibial bone loss according to the distance to the 
anteromedial cortex and the presence of ISBL were 0.69 
(range 0.51–0.93, p = 0.015), and 3.79 (range 1.56–9.21, 
p = 0.003), respectively.

The intra- and inter-observer reliabilities for the radio-
graphic parameters were as follows: 0.867 and 0.844 for 
extent of bone loss, 0.898 and 0.852 for tibial component 
alignment, 0.946–0.985 and 0.947–0.973 for HKAs, 0.946 
and 0.874 for MPTA, 0.883 and 0.865 for JLOA, and 0.904 
and 0.882 for the distance to the anteromedial cortex at the 
95% confidence interval, respectively.

Clinical outcomes

The differences in clinical outcomes (VAS, KSS, WOMAC, 
and UCLA scores) were not significant between the groups 
(Table 1). There was also no difference in clinical outcome 
in relation to the presence of bone loss (Table 3). The find-
ings of this study indicated that there is no need for revision 

Table 2  Results of multiple 
logistic regression analysis of 
risk factors for medial tibial 
bone loss

All quantitative variables are presented as a mean ± standard deviation
OR odds ratio, CI confidence interval, BMI body mass index, HKA hip-knee-ankle angle, JLOA joint line 
orientation angle ISBL invading into the sclerotic bone lesion

Variables Univariable Multivariable

OR 95% CI P value OR 95% CI P value

Prosthesis 7.37 3.59–15.11  < 0.001 6.25 2.86–13.63  < 0.001
Age (years) 0.96 0.91–1.01 n.s.
Sex 2.48 0.82–7.51 n.s.
BMI (kg/m2) 0.93 0.84–1.02 n.s.
Follow-up (months) 0.98 0.95–1.02 n.s.
Medial deviation 13.45 2.47–73.24 0.003 1.34 0.17–10.26 n.s.
Tibial component alignment (°) 1.18 0.94–1.50 n.s.
HKA
 Preoperative (°) 1.01 0.95–1.08 n.s.
 Postoperative (°) 1.00 0.89–1.13 n.s.
 Correction (°) 1.01 0.95–1.09 n.s.

MPTA (°) 0.97 0.88–1.08 n.s.
JLOA (°) 1.13 0.97–1.32 n.s.
Distance to anteromedial cortex (mm) 0.68 0.53–0.87 0.002 0.69 0.51–0.93 0.015
Presence of ISBL 4.00 1.82–8.80 0.001 3.79 1.56–9.21 0.003
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surgery during the follow-up period, even if bone loss 
occurs.

Discussion

The most important finding of the present study was that 
ATC (Persona™) caused more medial tibial bone loss than 
STC (NexGen LPS-Flex™) due to stress shielding in Korean 
patients. However, during the mid-term follow-up period, 
there were no differences in clinical scores between the two 
groups. Furthermore, the presence of bone loss did not affect 
clinical scores. As there were no differences between the 
two groups except for the type of implant, the radiographic 
differences likely resulted from the anatomical tibial com-
ponent design.

The baseplate of Persona™ is asymmetric and similar to 
the tibial section of the human body. The size of the tibial 
component is more diverse than previous designs, allowing 
for optimal rotational alignment and maximum coverage of 
the tibial cut surface. Moreover, depending on size, the keel 
is medialized to 1–4 mm, allowing for more precise align-
ment with the diaphyseal axis in Caucasian patients. Despite 
such improvements from previous models, greater medial 
tibial bone loss was observed in the present study.

The tibial components of both the Persona™ and Nex-
Gen LPS-Flex™ prostheses used in present study are made 
of Ti alloy, with baseplate thicknesses of 3.68 mm and 
4.18 mm, respectively. According to Martin et al. [12, 13], 
ATCs should have less stress shielding; however, this study 
revealed the opposite. Several studies have also reported 
that a longer stem of the tibial component induces more 
stress shielding on the proximal bone [14, 16]. This is also 
in contrast with the results of this study, where there was 
more bone loss with the Persona™ prosthesis, which has a 
shorter keel length compared to NexGen LPS-Flex™ across 
all sizes. In addition, Gu et al. reported that the presence 
of underhang increases bone resorption [6]. However, in 
this study, more bone loss was observed in patients with 

Persona™, which had much less underhang. Therefore, it 
can be concluded that stress shielding in the cohort of the 
present study could be caused by factors different from those 
in previous studies, such as the material, thickness of the 
baseplate, length of stem, and the presence of underhang. 
This difference can be explained by different hypotheses.

First, it is possible that the medialized keel showed a 
behavior different from that expected by the manufacture 
in Korean patients. The medially offset stem was originally 
developed to mimic anatomical features, but it could be inap-
propriate for Asian people since the design is based on stud-
ies on Caucasian subjects whose medullary canal of the tibia 
is biased toward the anteromedial side. Tang et al. performed 
an MRI-based study on 100 Chinese patients, wherein they 
found that the tibial medullary canal was biased toward 
the anterolateral direction from the center of the tibial pla-
teau [18], in contrast to Caucasians patients. Since Korean 
patients have anatomical characteristics similar to those 
of Chinese patients, it is reasonable that a medially offset 
stem is not the most suitable design, due to contact with the 
medial tibial cortex [20]. This study also confirms that the 
distal metal tip of the ATC is more likely to be biased toward 
the anteromedial side on coronal radiographs and CTs. 
Taken together, it seems that a medialized keel designed for 
better alignment in Caucasian patients can lead to excessive 
medial deviation in Asian patients. It is observed that the 
distal metal tip was closer to the anteromedial cortex, where 
stress is concentrated, which may cause stress shielding of 
the medial proximal tibia. Multiple logistic regression analy-
sis indicated that a shorter distance between the distal metal 
tip and the anteromedial cortex is a risk factor of medial 
tibial bone loss, which supports our hypothesis.

Second, regardless of the effect of the distal portion, the 
medialized keel’s proximal portion may also affect stress 
shielding. Sclerotic changes are common in the medial tibial 
plateau in end-stage OA patients. After tibia cutting, many 
sclerotic bone areas remain on the proximal tibial medial 
side. When the keel is medialized, it is more likely to be 
in contact with a larger sclerotic bone area, compared to 
symmetric designs. An increase in contact with hard scle-
rotic bone consequently increases the stress concentration in 
that focal area, and the overall stress transfer does not occur 
efficiently. It seems that this inefficient stress concentration 
contributes to stress shielding. In the present study, ISBL 
of the prosthesis due to a medialized keel was significantly 
higher in the ATC group than in the STC group, and was a 
risk factor of medial tibial bone loss in logistic regression 
analysis.

Third, focal underhang is difficult to identify in coronal 
radiographs. In this study, the incidence of medial under-
hang in coronal radiographs was higher in the STC group. 
Persona™ has an anatomical design and varies in implant 
sizes; therefore, it seems to be easier to approximate the 

Table 3  Comparison of clinical scores according to bone loss

All quantitative variables are presented as a mean ± standard devia-
tion
VAS visual analogue scale, KSS knee society score, WOMAC Western 
Ontario and McMaster Universities Arthritis Index

Without bone loss With bone loss P value

VAS score 2.2 ± 1.5 2.1 ± 1.8 n.s.
KSS 87.8 ± 11.7 86.1 ± 13.4 n.s.
KSS (function) 75.5 ± 17.6 78.1 ± 20.1 n.s.
WOMAC 32.7 ± 23.7 30.4 ± 19.1 n.s.
UCLA activity score 4.2 ± 1.4 4.3 ± 1.5 n.s.
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correct mediolateral size. According to Jin et al., who 
performed a CT-based study on 100 Korean patients, the 
anatomically-designed Persona™ prosthesis was able to 
achieve an optimal fit in medioposterior and mediolateral 
dimensions, compared to NexGen LPS-Flex™ [9]. How-
ever, although they did not directly compare Persona™ 
and NexGen LPS-Flex™ prostheses, a CT-based study of 
14791 subjects by Clary et al. showed different results for 
the anteromedial area. The subjects using Persona™ had a 
greater degree of cutting bone exposure in the anterome-
dial cortex than subjects using a symmetric design (PFC 
 Sigma®,  Attune®) and asymmetric design (Genesis  II®) 
[3]. Therefore, although ATC prostheses provide optimal 
overall coverage, compared to other designs, coverage of 
the anteromedial area is rather poor, resulting in focal 
underhang, which is difficult to identify in coronal radio-
graphs. This may be the cause of stress shielding [6].

Notwithstanding the above, there were no differences 
in clinical outcomes between the two groups, even when 
the groups were divided according to the presence of 
bone loss. In addition, the follow-up period was longer 
than that in similar studies in the literature [12, 13], 
the amount of bone loss was smaller, and there were no 
complications leading to revision surgeries. However, a 
longer follow up is necessary due to the possibility that 
the anatomical design characteristics mentioned above 
may continue to cause stress shielding.

This study has several limitations. First, since the sub-
jects were selected non-randomly and in a retrospective 
manner, selection bias could not be completely eliminated 
even if there were no differences in demographic factors 
between the two groups. Second, there is no clear evi-
dence that chosen follow-up period is optimal. In previ-
ous studies, it was reported that stress shielding of total 
hip arthroplasty appeared most commonly 1 year after 
surgery and rarely after 2 years [1, 2]. Therefore, it can be 
considered that the optimal time should be about 2 years 
after which a balance between bone resorption and bone 
remodeling is achieved. Due to this reason, patients who 
were followed up for more than 2 years were included. 
However, there is no definite consensus about the dura-
tion of remodeling in TKA; further research is needed 
in this area. Third, because this was not an experimen-
tal study, there were many limitations in independently 
analyzing factors affecting stress shielding. An extended 
comparison of the anatomical differences between Asian 
and Caucasian cohorts or a finite element model study 
may be useful for elucidating the causal factors leading 
to stress shielding. Nevertheless, this study is significant 
in that it is the first to show how an ATC design induces 
more medial tibial bone loss than conventional designs 
in Asian patients.

Conclusion

In this study of a Korean cohort, medial tibial bone loss 
due to stress shielding was more common in patients 
treated with an anatomical tibial component (Persona™) 
than in patients treated with a symmetric tibial component 
(NexGen LPS-Flex™). The anatomical design and medial-
ized keel, which are advantages of ATCs, seemed to have 
caused this phenomenon. Although there was no clinical 
difference at mid-term follow-up, a longer follow-up may 
be necessary to exclude the possibility of stress shielding 
progression. These results can help surgeons with optimal 
implant selection and also help manufacturers to improve 
future implant designs, especially for Asian patients.
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