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Abstract 

Backgrounds:  Mismatch between knee surface and prosthesis components is related to postoperative complica-
tions. Morphological differences between ethnicity and gender may affect prosthesis coverage. The purpose of this 
study is to describe morphological characters of resected knee surface (distal femur, proximal tibia) in the Chinese 
population, analyze the influence of gender and other demographical factors, and validate the effect of ethnic differ-
ence by calculating the coverage of Western-designed knee prostheses on Chinese knee surface.

Methods:  Intraoperative anthropometries were performed during total knee arthroplasty performed by one single 
team. After screening out severe deformities and bone defects, data were separated via prosthesis system. Multiple 
linear regression and partial correlation analysis of morphological parameters on age, gender, height, weight were 
used to find out independent factors influencing morphology. Based on the 5 mm-tolerance in the prosthesis, simula-
tion on scatter plots was brought out to calculate the prosthesis coverage to the resected bone surface.

Results:  A total of 865 cases of total knee arthroplasty were involved in this study. Though gender differences were 
found in all knee morphological parameters regardless of the type of prosthesis, significant association was only 
found between gender and mediolateral width of femoral surface after adjusting demographical factors (p < 0.001). 
The two included prosthesis systems, Genesis-II and Scorpio NRG covered most cases in at least one dimension. Males 
had lower complete coverage and higher no coverage rate on femurs. Asymmetry prostheses had higher lateral 
coverage on tibiae.

Conclusions:  Based on our analysis, the only confirmed demographical factor in knee morphology is gender on fem-
oral mediolateral length. Wider femoral prostheses for males may improve results of gender-specific prostheses. The 
overall fitness between Western-designed prostheses and Chinese knee surface is appliable, but the ratio of complete 
coverage is low. Further modification of prostheses systems can aim at the number of sizes and geometrical shapes.
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Introduction
Suitable coverage of prosthesis is essential for achieving 
a successful outcome in total knee arthroplasty (TKA) 
[1]. Modern TKA systems have a series of prosthesis 
sizes to improve coverage, but there are still some unfit 
cases. Previous studies have demonstrated that overhang 
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or under-coverage of the prosthesis, especially in tibial 
plateau, could result in severe complications like pain, 
dyskinesia, bleeding, and loosening [2–4]. Since the 
appearance of knee arthroplasty, researchers started 
measurement of knee joint morphological characters to 
get accurate data for prosthesis design [5–7]. Based on 
their achievements, modern anatomic condylar TKA 
systems contained a precisely designed series of sizes of 
prostheses for different sizes of knee surfaces. However, 
these studies were mainly conducted in Caucasians, 
lacked participants from Asian populations and other 
ethnicities [8]. Systematic reviews revealed the ethnic 
difference of knee morphology [9]. Measurements also 
found mismatch between knee prosthesis and Asian 
knees [10, 11]. Gender has been recognized as another 
factor influencing knee morphology. In any given anter-
oposterior length, both Asian and Caucasian women 
have smaller femoral mediolateral width than males, 
indicating that females might suffer from mediolateral 
overhang with a conventional prosthesis [12–15]. So nar-
rower femoral prostheses were designed for females to 
improve it [16]. According to follow-up results, no gen-
der difference was identified in conventional prosthesis 
and gender-specific systems presented no benefit in func-
tion [17, 18]. Someone believed that the morphological 
gender difference was influenced by other factors like 
height and weight [16].

Anthropometry measured human anatomic struc-
tures with given standards to describe their morphologi-
cal characters. In the early time, forerunners performed 
anthropometric measurements mainly with X-ray pho-
tography or cadaver [5–7]. The accuracy was influenced 
by photo distortions or formalin procession. Some recent 
researches used tomography for exact measurement, 
but these virtual assessments could not reveal the actual 
situation after osteotomy [8, 13, 19, 20]. Some surgeons 
conducted intraoperative anthropometry [11, 21–23]. 
But the sample size was small and the evaluation meth-
ods of prosthesis coverage were variable and could not fit 
practical truth. In this study, we carried out an intraop-
erative anthropometric study based on patients receiving 
TKA in our surgical team. With statistical analysis and 
measurements of scatter plots developed from previous 
studies, we aimed to evaluate the influence of gender and 
other factors in morphology of resected knee surfaces, 
and compare the coverage of modern Western-designed 
knee prostheses in Chinese population.

Materials and methods
Intraoperative anthropometry
This study was approved by the Institutional Review 
Board at Peking Union Medical College Hospital.  All 
included patients signed informed consent statements 

before operation. Chinese patients who underwent pri-
mary TKA by our surgical team were included. Cases 
were excluded if there was serious valgus or varus requir-
ing augmentation, or bone defects disrupting bony sign 
that the measurement could not be conducted. TKA 
operations were conducted by the same team under 
general anesthesia. The knee joint was exposed through 
a parapatellar approach. The femoral and tibial osteoto-
mies were performed with an oscillating saw according 
to the TKA system surgical technique handbook. Then 
anthropometric parameters were measured with a ster-
ile slide caliper in millimeters three times. The average 
result was recorded, retaining two decimal places. Fem-
oral parameters contained the anteroposterior length 
(fAP) and mediolateral width (fML) of resected surface 
(Fig.  1a). The mediolateral width (tML) was also meas-
ured in the tibial resected surface. For tibial anteroposte-
rior length, two parameters were applied: medical plateau 
length (tMAP) was the anteroposterior length of the ver-
tical line passing medial quadrant point of mediolateral 
width, while lateral plateau length (tLAP) was the length 
of the similar vertical line passing lateral quadrant point 
of width (Fig. 1a). The corresponding parameters of pros-
theses were measured from different sizes of test models 
in the same way (Fig. 1b). Patient demographic data such 
as gender, age, body mass index (BMI), and the type of 
TKA system were assessed from the medical record.

Prosthesis coverage simulation
In the early development of condylar knee prothesis, 
Erkman et al. illustrated that two prostheses with a size 
difference of 5 mm covered most patients, so ± 2.5 mm 
has been regarded as the maximum tolerance of prosthe-
sis [6]. This threshold was inherited by Cheng et al. and 
performed well in our surgical practice. In this study, we 
conducted measurements on scatter plots to evaluate 
prosthesis coverage. These measurements were devel-
oped from Cheng’s method [24]. The anthropometric 
data of TKA cases were plotted in the coordinate system, 
with mediolateral (ML) width as the x-axis and anter-
oposterior (AP) length as the y-axis. Then circles with 
2.5 mm radius were plotted in the same system and the 
centers were determined by corresponding parameters of 
different sizes of prostheses. The vertical and horizontal 
tangents of each circle were also plotted. The degree of 
coverage was defined into three levels. “Complete cov-
erage” referred to case points that fell into any circle, 
indicating that both mediolateral and anteroposterior 
parameters were covered. “Relative coverage” referred to 
case points not included by any circle but lied in the cross 
formed by tangents, indicating that one dimension was 
covered. “No coverage” referred to case points outside 
the cross described above, indicating that no dimension 
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was covered. Because the cross made by tangents of each 
circle had overlapping areas, only the tangents form-
ing the border of the cross-region were shown in plots 
(Fig. 2).

Statistical analysis
Comparisons between different gender were conducted 
via an independent t-test. Stepwise linear regression and 
partial correlation analysis were performed to deter-
mine the influence of gender, height, and weight on the 
prediction of morphological parameters. As the only 
categorical variable, gender was transformed into 1 (for 
male) or 0 (for female) for analysis. The prosthesis cov-
erage was evaluated with the percentage of the covered 
point at different levels. All statistical analysis was per-
formed via SPSS Statistics 19.0 (SPSS Inc, Chicago, IL, 
USA). The numerical data obtained were summarized in 
tables as the arithmetic mean ± standard deviation. The 
nominal and ordinal data were evaluated as frequency 
and percentages. The level of significance was defined 
at p = 0.001 and all numerical data retained two decimal 
places.

Results
Demographic data
This study identified 871 TKA cases between October 
2011 and December 2019. Three cases were excluded 
because of bone defects and another three were screened 
out due to severe knee deformity. The average age of the 
remaining 865 cases was 66.93 ± 7.99 years old, and the 
average body mass index (BMI) was 26.90 ± 3.64. Female 
patients (690 cases, 79.77%) were much more than males 
(175 cases, 20.23%). Osteoarthritis (804 cases) took the 
majority of diagnoses (92.95%). There were also 59 cases 
(6.82%) of rheumatoid arthritis and 2 cases (0.23%) of 
Sjogren’s syndrome. The most popular TKA systems 
used in this study were Genesis-II (Smith & Nephew, 505 
cases), Scorpio NRG (Stryker, 171 cases), and NexGen 
LPS (Zimmer, 111 cases).

Characters influencing knee morphology
Because the osteotomy was performed by specifically-
designed templates provided by prosthesis systems, the 
knee anthropometric parameters were grouped by TKA 
systems for analysis (Table  1). The thick of resected 

Fig. 1  Diagram of the measurement of anthropometric parameters on (a) resected surface of femur and tibia (b) femoral and tibial test model
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(a) Genesis-II, fAP-fML (b) Genesis-II, tMAP-tML (c) Genesis-II, tLAP-tML

(d) Scorpio NRG, fAP-fML (e) Scorpio NRG, tMAP-tML (f) Scorpio NRG, tLAP-tML

Fig. 2  For Genesis-II and Scorpio NRG cases, (a, d) are femoral anteroposterior length (fAP) versus femoral mediolateral width (fML), (b, c, e, f) are 
tibial medial or lateral anteroposterior length (tMAP or tLAP) versus tibial mediolateral width (tML). Male cases are in blue and female cases are in 
red. Circles and tangents are drawn for evaluation of prosthesis coverage

Table 1  Anthropometry parameters of cases receiving different knee prosthesis

Parameter Genesis-II Scorpio NRG NexGen LPS

Male (mm) Female (mm) P value Male (mm) Female (mm) P value Male (mm) Female (mm) p value

fosteo 10.45 ± 2.50 9.75 ± 2.69 0.078 7.51 ± 3.86 7.13 ± 3.78 0.602 10.71 ± 1.52 10.02 ± 2.06 0.109

fAP 45.66 ± 3.46 43.71 ± 5.92 < 0.001 45.51 ± 3.13 42.28 ± 3.91 < 0.001 48.24 ± 6.80 44.12 ± 7.38 < 0.001

fML 77.88 ± 3.94 69.89 ± 4.47 < 0.001 75.71 ± 4.01 68.48 ± 3.08 < 0.001 79.07 ± 2.88 69.68 ± 3.77 < 0.001

fAP/fML 0.59 ± 0.05 0.63 ± 0.11 < 0.001 0.60 ± 0.03 0.62 ± 0.06 0.018 0.61 ± 0.08 0.63 ± 0.10 0.308

tosteo 9.01 ± 2.45 8.53 ± 2.58 0.013 7.53 ± 3.56 7.00 ± 3.66 0.437 9.83 ± 1.61 9.35 ± 1.92 0.270

tMAP 52.65 ± 4.11 47.65 ± 4.06 < 0.001 50.89 ± 3.32 47.56 ± 4.12 < 0.001 52.81 ± 4.09 47.63 ± 2.59 < 0.001

tLAP 47.96 ± 3.62 43.33 ± 2.69 < 0.001 46.10 ± 2.64 42.54 ± 2.52 < 0.001 48.14 ± 2.85 43.05 ± 2.61 < 0.001

tML 77.64 ± 3.83 70.81 ± 4.30 < 0.001 76.04 ± 5.96 70.50 ± 4.12 < 0.001 78.12 ± 8.15 70.72 ± 3.24 < 0.001

tMAP/tLAP 1.10 ± 0.10 1.10 ± 0.08 0.970 1.10 ± 0.05 1.12 ± 0.10 0.218 1.10 ± 1.10 1.11 ± 0.06 0.747

tMAP/tML 0.68 ± 0.05 0.67 ± 0.06 0.459 0.67 ± 0.04 0.68 ± 0.07 0.549 0.69 ± 0.11 0.67 ± 0.03 0.667

tLAP/tML 0.62 ± 0.04 0.61 ± 0.04 0.321 0.61 ± 0.05 0.61 ± 0.05 0.698 0.62 ± 0.09 0.61 ± 0.03 0.488



Page 5 of 10Xu et al. BMC Surgery          (2022) 22:144 	

bone no statistically gender difference, convincing the 
consistency of surgical procedures. In the primary anal-
ysis, gender differences were found in all parameters of 
knee surface. It seemed that males had larger resected 
knee surfaces than females in all dimensions. To 
describe the geometric shape of the resected surface, 
we introduced the following parameters. The aspect 
ratio was defined as the ratio of anteroposterior length 
and mediolateral width. Asymmetry ratio was defined 
as the ratio of medial and lateral anteroposterior length. 
A significantly higher femoral aspect ratio was found 
in the cases receiving Genesis-II prosthesis (p < 0.001), 
indicating a lower femoral mediolateral width is given 
anteroposterior length. No gender difference was found 
in tibial parameters in any prosthesis system. In linear 
regression of knee parameters on age, gender, height, 
weight, and other parameters in the same surface, the 
only influence factor confirmed by partial correlation 
in all three different prosthesis systems was the gender 
of femoral mediolateral width (Table 2). Height was the 
only factor in the linear regression of femoral anter-
oposterior length in the Genesis-II group and was con-
firmed by partial correlation in the Scorpio NRG group 
(p < 0.001), but it was excluded in the regression of the 
NexGen LPS group. Close relationships were identi-
fied between morphological parameters of resected 
tibiae. Such connection was not found in femur. The 
anthropometry results of knee prostheses were shown 
in Table 3.

Prothesis coverage simulation
The two systems with larger case sizes, Genesis-II and 
Scorpio NRG, were included in the coverage simu-
lation (Fig.  2). These prostheses covered more than 
93% of cases in at least one parameter. For femoral 
surface, Genesis-II and Scorpio NRG had little differ-
ence in the percentage of complete coverage (31.88% 
vs. 38.60%) and relative coverage (61.58% vs. 61.40%). 
Scorpio NRG had no record in no coverage, while the 
percentage of Genesis-II was 6.53%. The performance 
of medial tibia coverage was almost the same. Genesis-
II had better lateral tibia complete coverage (61.19% vs. 
27.49%). Scorpio took advantage in relative coverage 
(69.01% vs. 32.48%) and no coverage (3.51% vs. 6.34%) 
(Table  3). According to previous results, only femoral 
morphology had significant gender differences. In scat-
ter plots of femoral parameters, male cases tend to take 
the upper right corner, reflecting the bigger size than 
females (Fig.  2a, d). Lower complete coverage, higher 
relative coverage, and no coverage percentages were 
seen in stimulation, suggesting better coverage for 
females than males (Table 4).

Discussion
The initial design of knee prostheses had only one 
implant size following the average of some samples [25]. 
Later, detailed X-ray and cadaveric anthropometries sug-
gested multiple sizes of prostheses to match natural knee 
geometries [5, 7]. With the development of operation 
techniques and surgical instruments, improving the fit-
ness between the prosthesis and the resected bone sur-
face has been a new route achieving “forgotten knee”. 
Gender has been regarded as an important factor affect-
ing knee morphology.

There was number of studies demonstrating knee mor-
phological diversity between gender. In an intraopera-
tive anthropometric study of Chinese tibiae, significant 
larger medial and lateral AP were found in males [21]. In 
tomography measurement of Chinese femurs, narrower 
ML and shorter medial AP were found when normal-
ized by lateral AP [26]. A similar study of Iranian tibiae 
found narrower ML in females [27]. Radiographical 
studies of Indian, Thai, Malay, and Turkish populations 
agreed with a larger knee in males [19, 28–30]. How-
ever, some researchers adjusted other demographical 
factors like height and weight in the evaluation of gen-
der differences in knee quadriceps angle (Q angle). After 
multiple linear regression, they found that height rather 
than gender had a more significant influence [31]. In the 
present study, we used a similar method adjusting con-
founding factors, which was taken into consideration in 
few studies. Our anthropometric results fully supported 
gender difference only in ML width of the femur. Such 
differences were influenced by correlations between mor-
phological parameters for tibiae and height diversity for 
the femur. The significant difference of aspect ratio was 
only found in one of three kinds of prosthesis for femur, 
provided limited support to narrower femur surface for 
females in given AP length. Interestingly, according to 
coverage calculation of different gender, we found lower 
coverage in males than females, which may explain the 
unsatisfied results of gender-specific prostheses. These 
designs tried to introduce smaller sizes with narrower 
ML widths to improve coverage. Meta-analysis of 1120 
TKA cases confirmed a lower overhang rate, but the evi-
dence was insufficient for the improvement of outcome. 
Some researchers reported optimistic reports [32], and 
more studies found no benefit in follow-up [17, 18]. The 
regression results described a larger femoral surface for 
males. Maybe the initial direction of design modification 
should be reversed. Larger femoral prostheses with wider 
ML width could be another choice to improve coverage. 
More clinical observations and trials are required for fur-
ther investigation.

Early knee anthropometries were mainly finished in 
western countries, so the sizes of prothesis were designed 
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Table 2  Multiple linear regression and partial correlation analysis of morphological parameters on demographical factors and 
parameters on the same surface

Variable Genesis-II Scorpio NRG NexGen LPS

Standardized 
coefficients 
(beta)

P value Pcorr value Standardized 
coefficients 
(beta)

P value Pcorr value Standardized 
coefficients 
(beta)

p value Pcorr value

fAP

 Age N/A N/A N/A

 Gender N/A N/A N/A

 Height 0.190 < 0.001 0.213 < 0.001 < 0.001 N/A

 Weight N/A N/A N/A

 fML N/A 0.250 0.001 0.001 0.544 < 0.001  N/A

fML

 Age N/A N/A N/A

 Gender 6.298 < 0.001 < 0.001 5.406 < 0.001 < 0.001 6.851 < 0.001 < 0.001

 Height 0.169 < 0.001 < 0.001 0.159 0.001 0.001 N/A

 Weight N/A N/A 0.141 < 0.001 < 0.001

 fAP N/A 0.208 0.002 0.002 0.142 0.001 0.001

fAP/fML

 Age N/A N/A N/A

 Gender − 0.042 < 0.001 N/A N/A

 Height N/A N/A N/A

 Weight N/A N/A N/A

tMAP

 Age N/A N/A N/A

 Gender 0.962 0.043 0.043 N/A 1.739 0.039 0.039

 Height N/A N/A N/A

 Weight N/A N/A 0.060 0.020 0.020

 tLAP 0.567 < 0.001 < 0.001 0.452 < 0.001 < 0.001 0.261 0.010 0.010

 tML 0.207 < 0.001 < 0.001 0.252 < 0.001 < 0.001 0.174 0.006 0.006

tLAP

 Age N/A N/A N/A

 Gender 0.937 0.005 0.005 1.772 < 0.001 < 0.001 2392 0.002 0.002

 Height 0.114 < 0.001 < 0.001 N/A N/A

 Weight N/A 0.040 0.022 0.022 N/A

 tMAP 0.238 < 0.001 < 0.001 0.158 0.001 0.001 0.245 0.005 0.005

 tML 0.198 < 0.001 < 0.001 0.171 < 0.001 < 0.001 0.193 0.001 0.001

tML

 Age N/A N/A N/A

 Gender 3.034 < 0.001 < 0.001 N/A N/A

 Height N/A 0.255 < 0.001 < 0.001 0.225 0.003 0.003

 Weight 0.035 0.022 0.022 N/A N/A

 tMAP 0.228 < 0.001 < 0.001 0.266 0.002 0.002 0.412 0.003 0.003

 tLAP 0.505 < 0.001 < 0.001 0.531 < 0.001 < 0.001 0.496 0.001 0.001

tMAP/tLAP

 Age N/A N/A N/A

 Gender N/A N/A N/A

 Height N/A N/A N/A

 Weight N/A N/A N/A

 tML N/A N/A N/A

tMAP/tML

 Age N/A N/A N/A
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Table 2  (continued)

Variable Genesis-II Scorpio NRG NexGen LPS

Standardized 
coefficients 
(beta)

P value Pcorr value Standardized 
coefficients 
(beta)

P value Pcorr value Standardized 
coefficients 
(beta)

p value Pcorr value

 Gender N/A N/A N/A

 Height N/A N/A N/A

 Weight N/A N/A N/A

 tLAP 0.002 0.001 N/A N/A

tLAP/tML

 Age N/A N/A N/A

 Gender N/A N/A N/A

 Height 0.001 0.008 N/A N/A

 Weight N/A N/A N/A

 tMAP N/A N/A N/A

Pcorr value is the P value of partial correlation analysis. N/A refers to exclusion from linear regression model

Table 3  Anthropometry parameters of prosthesis systems

Femur size Genesis-II Femur size Scorpio NRG

fAP (mm) fML (mm) fAP (mm) fML (mm)

1# 30.33 55.84 3# 35.49 57.49

2# 34.57 58.72 4# 37.50 59.60

3# 38.13 62.72 5# 39.60 62.63

4# 42.12 67.24 6# 41.47 65.04

5# 44.82 70.73 7# 44.12 67.82

6# 48.27 73.34 8# 46.55 69.91

9# 48.70 72.44

11# 53.65 77.38

Tibia size tMAP (mm) tLAP (mm) tML (mm) Tibia size tMAP (mm) tLAP (mm) tML (mm)

1# 42.00 37.50 60.02 3# 38.00 38.00 60.81

2# 44.50 40.50 64.95 4# 39.00 39.00 63.34

3# 47.50 42.50 68.00 5# 41.00 41.00 65.98

4# 49.30 45.00 71.01 6# 42.00 42.00 68.71

5# 51.00 47.00 74.02 7# 44.00 44.00 71.42

6# 53.50 48.30 77.00 9# 48.00 48.00 76.61

11# 51.00 51.00 81.98

Table 4  The simulated prosthesis coverage of knee resected surface

Parameters Genesis-II Scorpio NRG

Complete coverage Relative coverage No coverage Complete coverage Relative coverage No coverage

fAP-fML 31.88% (161/505) 61.58% (311/505) 6.53% (33/505) 38.60% (66/171) 61.40% (105/171) 0

Male 10.58% (11/104) 68.27% (71/104) 21.15% (22/104) 11.11% (4/36) 88.89% (32/36) 0

Female 37.41% (150/401) 59.85% (240/401) 2.74% (11/401) 45.93% (62/135) 54.07% (73/135) 0

tMAP-tML 57.62% (291/505) 35.64% (180/505) 6.73% (34/505) 60.82% (104/171) 39.18% (67/171) 0

tLAP-tML 61.19% (309/505) 32.48% (164/505) 6.34% (32/505) 27.49% (47/171) 69.01% (118/171) 3.51% (6/171)
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for Caucasian populations. The diversity of knee mor-
phology in different ethics has been proved by many 
researchers. A recent study compared Asians and Dutch 
Caucasians in Indonesia. Measurement of radiography 
found that Caucasians had large AP and ML size in both 
femur and tibia, The ML/AP ratios of both sides were 
higher in Asians, suggesting a wider surface in given AP 
[33]. Kim et  al. conducted a systematic review of knee 
morphology based on 30 studies (9050 knees); the result 
showed that white people had larger knee sizes with 
reduced ML/AP ratio [9]. The current study supported 
their findings. In AP-ML plots, the case points tended to 
distribute on the right side of circles representing pros-
thesis sizes, indicating a larger ML in given AP (Fig. 2a, 
d). Extra improvement of the knee prosthesis is neces-
sary to fit the different knee morphology of Chinese and 
other Asian populations. The introduction of more sizes 
of prostheses is a potential direction of modification. In 
the current study, the femoral prosthesis series of Gen-
esis-II and Scorpio NRG covered almost the same range 
in AP (17.94 mm vs. 18.46 mm) and ML (17.50 mm vs. 
19,89 mm). Genesis-II has six femoral sizes and Scorpio 
NRG has eight, and the percentage of complete coverage 
was a higher group with more sizes (38.60% vs. 31.88%). 
Under a given range of the parameter, the more sizes a 
TKA system gets, the wider range it may cover and the 
fitness of diverse knees could be better (Fig. 3a). Change 
of prosthesis shape was another possible way. For the 
tibial plateau, there were two design principles: symme-
try plateau has the same tMAP and tLAP, and asymme-
try plateau made tMAP a bit larger. The intraoperative 

anthropometry of Miyatake et al. reported better cover-
age of asymmetry plateau via a semi-quantitative method 
[11]. The computer analysis of tomography data from 
Clary et  al. found similar coverage among two symme-
try and two asymmetry plateaus [34]. The current study 
showed that asymmetry design (Genesis-II) had higher 
(for lateral) or similar (for medial) complete coverage 
than symmetry design (Scorpio NRG) with fewer pros-
thesis sizes. Asymmetry plateau with more prosthesis 
sizes could be an ideal solution (Fig. 3b). The design and 
production of new prosthesis sizes and shapes is time 
and economic-consuming, so more detailed analysis and 
simulations are required for these design changes.

There are some limitations to this study. First, it is a sin-
gle-center observational study, more prospective studies 
with larger sample sizes are yet to be carried out. Then, 
the intraoperative manual measurement has an unavoid-
able error, which could affect the accuracy of coverage. 
Third, post-operation radiology measurement of pros-
thesis coverage is also needed for better analysis of actual 
prosthesis position. With more data from future studies, 
it is possible to provide more accurate data for the devel-
opment of knee prostheses for Chinese and other Asian 
populations.

Conclusions
In the current study, we reported the morphologi-
cal characters of the distal femur and proximal tib-
ial resected surface in the Chinese population. After 
adjusting confounding factors, only gender difference 
on femoral mediolateral width was fully supported in 

(a) Genesis-II, fAP-fML (b) Scorpio NRG, tMAP-tML

Fig. 3  Two possible ways of prosthesis modification. a Introduction of new sizes having wider mediolateral width (shown as dashed circles) 
increases the femoral coverage. b Increase medial tibial anteroposterior length of Scorpio NRG using average asymmetry ratio (tMAP/tLAP) of 
Genesis-II, the new plot area has higher tibial coverage (shown in dashed circles and lines)
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knee morphology. Males tended to have lower femoral 
prosthesis coverage, so enlargement of sizes could be 
another direction for gender-specific prosthesis design. 
The Western-designed prostheses showed well cover-
age of most Chinese knee surfaces, but the percentage 
of complete coverage was too low for a better outcome. 
Introduction of more prosthesis sizes and improve-
ment of prosthesis shape are possible ways to improve 
the coverage and clinical outcome of TKA in Chinese 
population.

Abbreviations
AP: Anteroposterior length; BMI: Body mass index; fAP: Femoral anteropos-
terior length; fML: Femoral mediolateral width; fosteo: Femoral osteotomy 
thick; ML: Mediolateral width; TKA: Total knee arthroplasty; tLAP: Tibial lateral 
anteroposterior length; tMAP: Tibial medial anteroposterior length; tML: Tibial 
mediolateral width; tosteo: Tibial osteotomy thick.

Acknowledgements
We thank Mr. Qinjiang Jing and Ms. Xueqing Wang for their help in database 
administration.

Authors contributions
YX performed the statistical analysis and was a major contributor in writing 
the manuscript. YD, ZZ, and YB collected data and provided suggestions for 
the data analysis. XW and BF designed the study and performed surgeries. XW, 
BF, and YB critically reviewed the manuscript. All authors read and approved 
the final manuscript.

Funding
This work was supported by National Key R&D Program of China [Grant 
Number 2018YFF0301105], and National Natural Science Foundation of China 
[Grant Number 81630064].

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board at Peking Union 
Medical College Hospital with Protocol Number S-K1358.  This study was 
conducted in accordance with the Declaration of Helsinki.  Written informed 
consent was obtained from all included patients.

Consent for publication
The consent forms were signed for the use of individual personal data in this 
manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Orthopedics, Peking Union Medical College Hospital, Chinese 
Academy of Medical Sciences & Peking Union Medical College, No.1 Wang-
fujing Shuaifuyuan, Dongcheng District, Beijing 100730, China. 2 Department 
of International Medical Services, Peking Union Medical College Hospital, 
Chinese Academy of Medical Sciences & Peking Union Medical College, 
Beijing 100730, China. 3 State Key Laboratory of Complex Severe and Rare 
Diseases, Peking Union Medical College Hospital, Beijing 100730, China. 

Received: 27 November 2021   Accepted: 29 March 2022

References
	1.	 Dai Y, Bischoff JE. Comprehensive assessment of tibial plateau morphol-

ogy in total knee arthroplasty: influence of shape and size on anthropo-
metric variability. J Orthop Res. 2013;31(10):1643–52.

	2.	 Nielsen CS, Nebergall A, Huddleston J, Kallemose T, Malchau H, Troelsen 
A. Medial overhang of the tibial component is associated with higher risk 
of inferior knee injury and osteoarthritis outcome score pain after knee 
replacement. J Arthroplasty. 2018;33(5):1394–8.

	3.	 Bonnin MP, Schmidt A, Basiglini L, Bossard N, Dantony E. Mediolateral 
oversizing influences pain, function, and flexion after TKA. Knee Surg 
Sports Traumatol Arthrosc. 2013;21(10):2314–24.

	4.	 Bonnin MP, Saffarini M, Shepherd D, Bossard N, Dantony E. Oversizing the 
tibial component in TKAs: incidence, consequences and risk factors. Knee 
Surg Sports Traumatol Arthrosc. 2016;24(8):2532–40.

	5.	 Seedhom BB, Longton EB, Wright V, Dowson D. Dimensions of the knee. 
Radiographic and autopsy study of sizes required by a knee prosthesis. 
Ann Rheum Dis. 1972;31(1):54–8.

	6.	 Erkman MJ, Walker PS. A study of knee geometry applied to the design of 
condylar prostheses. Biomed Eng. 1974;9(1):14–7.

	7.	 Mensch JS, Amstutz HC. Knee morphology as a guide to knee replace-
ment. Clin Orthop Relat Res. 1975;112:231–41.

	8.	 McNamara CA, Hanano AA, Villa JM, Huaman GM, Patel PD, Suarez JC. 
Anthropometric measurements of knee joints in the hispanic population. 
J Arthroplasty. 2018;33(8):2640–6.

	9.	 Kim TK, Phillips M, Bhandari M, Watson J, Malhotra R. What differences in 
morphologic features of the knee exist among patients of various races? 
A systematic review. Clin Orthop Relat Res. 2017;475(1):170–82.

	10.	 Koh YG, Nam JH, Chung HS, Lee HY, Kang KT. Morphologic difference and 
size mismatch in the medial and lateral tibial condyles exist with respect 
to gender for unicompartmental knee arthroplasty in the Korean popula-
tion. Knee Surg Sports Traumatol Arthrosc. 2019.

	11.	 Miyatake N, Sugita T, Aizawa T, Sasaki A, Maeda I, Kamimura M, et al. 
Comparison of intraoperative anthropometric measurements of the 
proximal tibia and tibial component in total knee arthroplasty. J Orthop 
Sci. 2016;21(5):635–9.

	12.	 Lonner JH, Jasko JG, Thomas BS. Anthropomorphic differences 
between the distal femora of men and women. Clin Orthop Relat Res. 
2008;466(11):2724–9.

	13.	 Cheng FB, Ji XF, Lai Y, Feng JC, Zheng WX, Sun YF, et al. Three dimensional 
morphometry of the knee to design the total knee arthroplasty for 
Chinese population. Knee. 2009;16(5):341–7.

	14.	 Han H, Oh S, Chang CB, Kang SB. Anthropometric difference of the 
knee on MRI according to gender and age groups. Surg Radiol Anat. 
2016;38(2):203–11.

	15.	 Yang B, Yu J, Gong X, Chen L, Wang Y, Wang J, et al. Intraoperative study 
on anthropometry and gender differences of the proximal tibial plateau 
at the arthroplasty resection surface. Chin Med J (Engl). 2014;127(1):92–5.

	16.	 Merchant AC, Arendt EA, Dye SF, Fredericson M, Grelsamer RP, Leadbetter 
WB, et al. The female knee: anatomic variations and the female-specific 
total knee design. Clin Orthop Relat Res. 2008;466(12):3059–65.

	17.	 Nassif JM, Pietrzak WS. Clinical outcomes in men and women following 
total knee arthroplasty with a high-flex knee: no clinical effect of gender. 
ScientificWorldJournal. 2015;2015:285919.

	18.	 Colleoni JL, Ribeiro FN, Campos AR, de Siqueira Junior D, Campos AG, 
Mos PAC. Medium-term results evaluation between gender-specific 
x conventional total knee arthroplasty prostheses. Rev Bras Ortop. 
2020;55(1):82–7.

	19.	 Awasthi B, Raina SK, Negi V, Chauhan NS, Kalia S. Morphometric study 
of lower end femur by using helical computed tomography. Indian J 
Orthop. 2019;53(2):304–8.

	20.	 Dai Y, Scuderi GR, Bischoff JE, Bertin K, Tarabichi S, Rajgopal A. Anatomic 
tibial component design can increase tibial coverage and rotational 
alignment accuracy: a comparison of six contemporary designs. Knee 
Surg Sports Traumatol Arthrosc. 2014;22(12):2911–23.

	21.	 Yang B, Song CH, Yu JK, Yang YQ, Gong X, Chen LX, et al. Intraoperative 
anthropometric measurements of tibial morphology: comparisons with 
the dimensions of current tibial implants. Knee Surg Sports Traumatol 
Arthrosc. 2014;22(12):2924–30.

	22.	 Hitt K, Shurman JR 2nd, Greene K, McCarthy J, Moskal J, Hoeman T, 
et al. Anthropometric measurements of the human knee: correlation to 



Page 10 of 10Xu et al. BMC Surgery          (2022) 22:144 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

the sizing of current knee arthroplasty systems. J Bone Joint Surg Am. 
2003;85(A Suppl 4):115–22.

	23.	 Ho WP, Cheng CK, Liau JJ. Morphometrical measurements of resected 
surface of femurs in Chinese knees: correlation to the sizing of current 
femoral implants. Knee. 2006;13(1):12–4.

	24.	 Cheng CK, Lung CY, Lee YM, Huang CH. A new approach of designing 
the tibial baseplate of total knee prostheses. Clin Biomech (Bristol, Avon). 
1999;14(2):112–7.

	25.	 Robinson RP. The early innovators of today’s resurfacing condylar knees. J 
Arthroplasty. 2005;20:2–26.

	26.	 Yue B, Varadarajan KM, Ai S, Tang T, Rubash HE, Li G. Gender differences in 
the knees of Chinese population. Knee Surg Sports Traumatol Arthrosc. 
2011;19(1):80–8.

	27.	 Karimi E, Zandi R, Norouzian M, Birjandinejad A. Correlation of anthro-
pometric measurements of proximal tibia in iranian knees with size of 
current tibial implants. Arch Bone Jt Surg. 2019;7(4):339–45.

	28.	 Li K, Cavaignac E, Xu W, Cheng Q, Telmon N, Huang W. Morphometric 
evaluation of the knee in Chinese population reveals sexual dimorphism 
and age-related differences. Int Orthop. 2018;42(10):2349–56.

	29.	 Erkocak OF, Kucukdurmaz F, Sayar S, Erdil ME, Ceylan HH, Tuncay I. Anthro-
pometric measurements of tibial plateau and correlation with the current 
tibial implants. Knee Surg Sports Traumatol Arthrosc. 2016;24(9):2990–7.

	30.	 Hussain F, Abdul Kadir MR, Zulkifly AH, Sa’at A, Aziz AA, Hossain G, et al. 
Anthropometric measurements of the human distal femur: a study of the 
adult Malay population. Biomed Res Int. 2013;2013:175056.

	31.	 Grelsamer RP, Dubey A, Weinstein CH. Men and women have similar 
Q angles: a clinical and trigonometric evaluation. J Bone Joint Surg Br. 
2005;87(11):1498–501.

	32.	 Lim JB, Chong HC, Ling K, Teo A, Yeo SJ, Chia SL, et al. Gender-specific 
total knee arthroplasty in Singaporean women. J Orthop Surg (Hong 
Kong). 2015;23(2):190–3.

	33.	 Budhiparama NC, Lumban-Gaol I, Ifran NN, de Groot PCJ, Utomo DN, 
Nelissen R. Mismatched knee implants in Indonesian and Dutch patients: 
a need for increasing the size. Knee Surg Sports Traumatol Arthrosc. 
2021;29(2):358–69.

	34.	 Clary C, Aram L, Deffenbaugh D, Heldreth M. Tibial base design and 
patient morphology affecting tibial coverage and rotational alignment 
after total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc. 
2014;22(12):3012–8.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Morphology characters of resected femoral and tibial surface in chinese population: intraoperative anthropometric study in patients at a tertiary hospital
	Abstract 
	Backgrounds: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Intraoperative anthropometry
	Prosthesis coverage simulation
	Statistical analysis

	Results
	Demographic data
	Characters influencing knee morphology
	Prothesis coverage simulation

	Discussion
	Conclusions
	Acknowledgements
	References


