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ABSTRACT

Background: The morphology of the proximal tibia differs between
populations and as according to sex and laterality. For better understanding the
morphology of knee correct anthropometric information of the proximal tibia is
required and this information is also important for many of the orthopaedic
procedures that involve the knee. Many of the previous studies have reported
differences in dimensions of upper end of tibia among different populations, by
using techniques such as radiography, computed tomography or magnetic
resonance imaging. The present study done in dry bones and cadavers to
evaluate the anthropometric measurements of the upper end of tibia by direct
measurement.

Materials and Methods: This observational prospective study was conducted
from April 2019 to September 2020 in the Department of Anatomy in
collaboration with the Department of Orthopaedics, King George’s Medical
University, Lucknow, Uttar Pradesh, India. A total of 401 randomly selected
intact and completely ossified dry tibiae of unknown age, sex and stature were
studied comprising 206 left and 195 right tibiae along with this 15 formalin
preserved cadavers (8 males and 7 females) were also taken in study and both
tibiae measured. Length of tibia, anteroposterior and transverse dimensions of
the medial and lateral condyles, anterior and posterior intercondylar
measurements, anteroposterior and transverse dimensions of the intercondylar
area, and bicondylar width were measured. For measuring these measurements
directly digital Vernier caliper and osetometric board were used. Statistical
analysis was done by using Jamovi version 2.7.31. Student’s t-test, paired t-test
and Pearson correlation were used during analysis of data of this study.
Results: Among 401 dry tibiae, 206 (51.4%) were of left side and 195 (48.6%)
were of right side. Higher value for length of tibia and most of the linear
measurements showed by dry tibiae of right side. Statistical significance among
right-left differences were observed for tibial length, anteroposterior diameters
of superior articular surface of medial condyle (AP-MC), anteroposterior
measurement of superior articular surface of lateral condyle (AP-LC),
anteroposterior measurement of intercondylar area (AP-1C), transverse diameter
of superior articular surface of medial condyle (T-MC), transverse measurement
of superior articular surface of lateral condyle (T-LC), transverse measurement
of intercondylar area anterior end [T-IC(A)], transverse measurement of
intercondylar area middle narrow part [T-IC(M)], transverse measurement of
intercondylar area posterior end [T-IC(P)] and anteroposterior measurement of
anterior intercondylar area (APIC-A) whereas anteroposterior measurement of
posterior intercondylar area (APIC-P) and bicondylar width (BCW) were not
significantly different. Linear measurements were high in male in comparison
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to female, statistically significant sex differences were seen with tibial length,
AP-MC, AP-LC, AP-IC, T-LC, T-IC(A), APIC-A, APIC-P and BCW in

cadaveric tibiae.

Conclusion: This study provides direct anthropometric measurements of the
upper end of tibia from dry bones and cadavers from a North India population.
The study demonstrates differences in dimension of upper end of tibia according
to laterality in dry tibiae and as per sex in the cadaveric sample.

Keywords: Upper end of tibia, anthropometry, dry bone, cadavers, North India

population.

INTRODUCTION

The tibia is a primary structural constituent of the
modified hinge joint, and it lies medial to fibula; its
shaft is triangular in sections, and its expanded
proximal end consist of tibial tuberosity, medial and
lateral condylar area which is separated by
intercondylar area. The upper end of tibia serves as a
critical component of the knee complex because it
articulates directly with the femoral condyles to form
tibiofemoral joint and it also contributes to
transmission of body weight from the femur bone
(above) to the talus bone of foot (below). By using
direct anatomical measurements as well as
radiography, computed tomography (CT) and
magnetic resonance imaging (MRI) techniques
anthropometric measurements of the upper end of
tibia have been investigated. Westrich et al. evaluated
proximal tibial anatomy using resection specimens
and demonstrated differences between medial and
lateral tibial plateau dimensions.''! Uchara et al.
measure the proximal tibial dimensions in 80
Japanese patients, who were undergoing total knee
arthroplasty (TKA) and reported population specific
measurements pertinent to tibial component design.!
Hitt et al. collected morphological data from the
distal part of femur, proximal part of tibia and patella
from 337 knees and reported for tibial aspect ratio
from data that a higher ratio for smaller knees and
proportionally lower ratio for larger knees, gender
differences in the morphological data were also seen
across variable tibial aspects ratio.’’! Studies in Asian
populations have also demonstrated that there is
presence of differences in morphology of upper end
of tibia. Kwak et al. conducted anthropometric
analysis by using 3-dimensional CT measurements of
cut surface of upper end of tibia in 200 knees of
Korean cadavers and reported the presence of
differences between measured dimensions of
proximal tibia and commercially available symmetric
tibial components.*! Surendran et al. evaluated
anthropometry of medial condyle of tibia for
designing the tibial component in unicondylar knee
arthroplasty among Korean population.’! Cheng et
al. conducted a 3-dimenison morphometry of knee to
design TKA among Chinese population and reported
variation between proximal tibial dimensions and
conventional knee prostheses.[®) Regional variation in
the morphology of upper end of tibia has been
reported by Indian studies. Gandhi et al. reported
significant sex related differences in the measured

parameters on doing morphometric analysis of
proximal tibia among fifty male and fifty female
and.”) Murlimanju et al. conducted a study on 73 dry
cadaveric tibiae to evaluate morphometry of lateral
and medial tibial plateau in South Indian population
and reported differences between measurements of
both plateau.¥! Zalawadia et al. did morphometric
study of proximal tibia on 120 dry tibia of known
gender in Gujarat region and reported all take five
different parameters was larger significantly in male
than females.[)

Based on indirect techniques such as CT, MRI and
radiography there were various studies and so, this
present study was undertaken to record direct
anthropometric measurements of the proximal tibia
in dry bones and cadavers from North India
population.

MATERIALS AND METHODS

Study design and setting: An observational
prospective study conducted in the Department of
Anatomy in collaboration with the Department of
Orthopaedics, King George’s Medical University,
Lucknow, Uttar Pradesh, India from April 2019 to
September 2020.

Ethical clearance: The approval for the study was
obtained from the Institutional Ethical Committee of
King George’s Medical University, UP, Lucknow,
vide letter number 1507/Ethics/2019, Ref. code 98th
ECM II B- Thesis/P6.

Sample size and Sampling technique: This study
was conducted on two different groups of samples:
dry tibiaec and human cadavers.

Dry bone study: A total of 401 intact, ossified
completely dry tibiae were included and of these
totals, 206 were left sided and remaining 195 were
right sided. The dry tibiae were selected randomly
from Osteology Laboratory of the Department of
Anatomy, King George’s Medical University,
Lucknow and the age, sex and stature of the
individuals from whom the bones were obtained were
unknown.

Cadaveric study: 15 freshly formalin preserved
cadavers including 8 males and 7 females and both
right tibia and left tibia of each cadaver were
examined. Overall, that means measurement of 30
tibiae.

Inclusion and Exclusion criteria

Freshly formalin preserved cadavers and normal dry
tibia bones of both sexes were included in this study;
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whereas deformed, distorted, damaged upper end of
tibia, traumatic accidental cadavers and osteophytes
surrounding the upper end of tibia cut surface in
cadavers were excluded from study.

Data collection: From 410 dry tibiae and 15 freshly
formalin preserved cadavers’ data were collected.
Instruments were used: Digital Vernier caliper,
osteometric board, measuring rulers, protractor,
goniometer, marker pen, pencil, white paper and
instruments for dissection.

Anthropometric measurements: Direct
measurements were done to record all the linear
measurements. Tibial length was measured by using
osetometric board from the highest point of the
intercondylar eminence to the tip of medial
malleolus. Anteroposterior diameter of medial
condyle (AP-MC) is the maximum distance between
the anterior and posterior borders of the superior
articular surface of the medial condyle, the anterior
most and posterior most points were identified and
the distance between these points was measured using
a Vernier caliper. Transverse diameter of medial
condyle (T-MC), maximum transverse diameter of
the superior articular surface of the medial condyle
was measured between the medial most and lateral
most points of the articular surface. Anteroposterior
diameter of lateral condyle (AP-LC) was measured as
maximum distance between anterior and posterior
borders of superior articular surface of the lateral
condyle. Transverse diameter of lateral condyle (T-
LC) was measured between the medial-most and
lateral-most points of the superior articular surface.
Anteroposterior diameter of intercondylar area (AP-
IC) was the maximum distance between the anterior
and posterior borders of the intercondylar area was
measured. Transverse diameter of intercondylar area
(T-IC) was measured at anterior level [T-IC (A)],
middle/narrowest level [T-IC (M)] and posterior level
[T-IC (P)] and at each level the maximum transverse
distance between the medial and lateral borders of the
intercondylar area was measured. Anteroposterior
measurement of anterior intercondylar area (APIC-
A) was measured from anterior border of
intercondylar area to a line join the intercondylar
eminence. Anteroposterior measurement of posterior
intercondylar area (APIC-P) was measured between
the line joins the intercondylar eminence and
posterior border of intercondylar area. Bicondylar
width (BCW) was defined as maximum mediolateral
length of the upper end of the tibia and was measured
from medial most point of superior articular surface
of the medial condyle to the lateral most point of the
superior articular surface of the lateral condyle.
Cadaveric procedure: Fifteen cadavers were
positioned in supine position and a midline vertical
skin incision approximately 12-15 cm long was made
over anterior aspect of the knee with horizontal
extensions at both ends, further the skin flaps were
reflected to expose knee region. After excision of
ligamentum flavum the knee was flexed to 90°. The
knee joint was exposed and the menisci were
removed, further the anterior cruciate ligament

(ACL) was cut at its tibial attachment to expose
medial and lateral tibial plateaus and intercondylar
area. The linear measurements of the medial and
lateral plateaus were done by using the same
measurement methods used for the dry bone study,
while similar method also applied for measuring the
intercondylar area. The length of tibia was measured
by extending the knee and the distance from the
highest point of the intercondylar eminence to the tip
of the medial malleolus was measured.

Statistical Analysis: Statistical analysis was
performed by using Jamovi, version 2.7.31. The
results were reported as number, percentage (%) and
mean + standard deviation (SD). Student’s t test was
used for comparing two means whereas paired t test
was used for paired comparisons. Pearson correlation
was used to check the correlation between tibial
length and other measurements.

Pearson correlation coefficients were classified as:
r <0.3: - weak or no correlation

r=0.3-0.5: - mild correlation

r =0.5-0.7: - moderate correlation

r=0.7-0.9: - strong correlation

r>0.9: - very strong to perfect correlation

The level of significance reported as:

p >0.05: - not significant

p <0.05: - significant

p <0.01: - highly significant

p <0.001: - very highly significant.

RESULTS

A total 431 tibiae were included in this study; in that
401 were dry, intact, completely ossified tibia bone
[206 (51.4%) of left side and 195 (48.6%) of right
side] and 30 cadaveric tibiae from 15 cadavers [15
(50%) of left and 15 (50%) of right — side]. Among
15 cadavers 8 were males and 7 were females.
Overall, 221 (51.3%) were left tibiae and 210 (48.7%)
were right tibiae.

Dry bone anthropometric measurements: The
laterality ~ wise  distribution of the linear
anthropometric measurements of the upper end of
tibia was assessed. The mean values of AP-MC, T-
MC, AP-LC, T-LC, AP-IC, T-IC(A), T-IC(M), T-
IC(P), APIC-A and BCW were high for the right side
in comparison to left side whereas APIC-P was
slightly high for the left side and the differences
between right and left sides were significant
statistically for AP-MC, T-MC, AP-LC, T-LC, AP-
IC, T-IC(A), T-IC(M), T-IC(P) and APIC-A; while
APIC-P and BCW were not statistically significant.
[Table 1]

The anteroposterior dimensions of the medial
condyle were greater than lateral condyle in both
right and left sided dry tibiae; the mean difference
between AP-MC and AP-LC was 5.48 +2.72 mm on
the left side and 5.82 & 3.31 mm on the right side and
these differences were statistically significant for
both sides and also for the overall sample (p <0.001).
The transverse dimensions of the medial condyle
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were smaller than lateral condyle; the mean
differences were -1.10 + 3.19 mm on the left side and
-0.19 £ 3.31 mm on the right side, and these

differences were also statistically significant for both
sides along with for overall sample (p <0.001).
[Table 2]

Table 1: Laterality wise comparison of linear anthropometric measurements of dry tibiae

Characteristic Left (n = 206) Mean (SD) Right (n = 195) Mean (SD) t-value p-value
Tibial length 357.86 (25.82) 364.21 (21.80) 2.654 0.008
AP-MC 41.51 (3.76) 42.60 (3.78) -2.894 0.004
T-MC 28.87 (3.46) 29.77 (3.10) -2.754 0.006
AP-LC 36.02 (3.18) 36.78 (3.51) -2.257 0.025
T-LC 29.96 (3.12) 30.68 (3.38) -2.207 0.028
AP-IC 45.34 (4.31) 46.51 (3.66) -2.925 0.003
T-IC(A) 27.48 (3.68) 28.50 (5.16) -2.274 0.025
T-IC(M) 10.94 (1.86) 11.32 (1.90) 2.025 0.044
T-IC(P) 15.81 (2.74) 16.70 (2.72) -3.259 0.001
APIC-A 26.27 (3.40) 27.57 (3.06) -4.017 <0.001
APIC-P 19.34 (2.17) 19.07 (1.87) 1.342 0.18
BCW 69.18 (5.51) 69.77 (8.28) -0.847 04

{mm (millimetre) was the metric unit used for all length measured; Mean (SD) was calculated and p-value for

laterality comparisons were obtained by using an independent-sample Student’s t-test}

Table 2: Comparison of medial and lateral condylar dimensions in dry tibiae

Comparison Group Mean difference £ SD (mm) | 95% Confidence Interval | t-value p-value
Lower Upper

AP-MC and AP- | Left (n =206) 548 +£2.72 5.11 5.86 28.9 <0.001

LC Right (n = 195) 5.82+3.31 5.35 6.29 24.5 <0.001
Overall (n =401) 5.65£3.02 5.35 5.94 374 <0.001

T-MC and T-LC | Left (n=206) -1.10£3.19 -1.53 -0.66 -4.9 <0.001
Right (n=195) -0.91+3.31 -1.37 -0.44 -3.8 <0.001
Overall (n =401) -1.00 £3.25 -1.32 -0.69 -6.1 <0.001

{Mean differences were calculated as medial minus lateral measurement; positive value indicates greater medial
measurement while negative indicate greater lateral measurement. Paired Student’s t-test was used}

Positive correlations were observed between tibial
length and all other measured lengths of upper end of
tibia; correlation coefficients ranged from 0.124 for
T-IC(P) to 0.539 for AP-LC and the strongest
correlation were observed for AP-LC (r=10.539), AP-

IC (r=0.530), AP-MC (r=0.523), T-LC (r = 0.442),
BCW (r = 0.432), T-MC (r = 0.426), APIC-A (r =
0.422) and the correlations for T-IC(M) (r = 0.174)
and T-IC(P) (r = 0.124) were smaller. All measured
parameters were statistically significant. [Table 3]

Table 3: Correlation of tibial length with other measured parameters of dry tibiae

Parameters Pearson Correlation coefficient (r) Level of correlation p-value Significance level
AP-MC 0.523 Moderate <0.001 Very Highly significant
AP-LC 0.539 Moderate <0.001 Very Highly significant
AP-IC 0.530 Moderate <0.001 Very Highly significant
T-MC 0.426 Mild <0.001 Very Highly significant
T-LC 0.442 Mild <0.001 Very Highly significant
T-IC(A) 0.368 Mild <0.001 Very Highly significant
T-IC(M) 0.174 Weak 0.007 Highly significant
T-IC(P) 0.124 Weak 0.013 Significant

APIC-A 0.422 Mild <0.001 Very Highly significant
APIC-P 0.368 Mild <0.001 Very Highly significant
BCW 0.432 Mild <0.001 Very Highly significant

{Pearson correlation was calculated using total tibial length}

Cadaveric anthropometric measurements: The
gender wise comparison of linear anthropometric
measurements of cadaveric tibiae showed mean
values were greater in male tibiae than female tibiae.
The mean tibial length was 340.75 + 10.71 mm in
female tibiae while in male it was 384.55 + 7.33 mm
and differences were statistically significant (p

<0.001). Among other parameters AP-MC, T-MC,
AP-LC, T-LC, AP-IC, T-IC(A), APIC-A, APIC-P
and BCW were having gender wise differences
statistically ~ significant =~ whereas  remaining
parameters like T-MC, T-IC(M) and T-IC(P) were no
statistically significant gender wise differences.
{Table 4}

Table 4: Gender-wise comparison of linear anthropometric measurements in cadaveric tibiae

Characteristic Female (n = 14) Mean (SD) Male (n = 16) Mean (SD) t-value p-value
Tibial length 340.75 (10.71) 384.55 (7.33) -13.213 <0.001
AP-MC 41.95 (4.92) 46.87 3.12) 331 0.004
T-MC 30.14 (4.10) 32.39 (3.82) -1.556 0.13
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AP-LC 36.42 (3.59) 39.56 (2.56) 2.786 0.012
T-LC 29.42 (3.23) 33.08 (2.99) 3.22 0.003
AP-IC 43.37 (5.29) 50.18 (2.67) 4.542 <0.001
T-IC(A) 23.26 (2.39) 26.79 (3.67) -3.076 0.004
T-IC(M) 9.89 (1.74) 10.64 (1.08) -1.455 0.17
T-IC(P) 16.83 (3.26) 17.61 (2.04) 0.791 045
APIC-A 24.45 (3.67) 29.74 (2.40) -4.728 <0.001
APIC-P 19.22 (1.74) 20.90 (2.02) 2.433 0.02
BCW 67.36 (3.83) 77.63 (4.06) 7.102 <0.001

{Mean + SD were calculated; p-value were obtained using an independent sample Student’s t-test}

On laterality wise comparison of 30 cadaveric tibiae; other linear anthropometric measurements were also
the mean tibial length was 363.44 + 24.47 mm on left showing no statistically significant difference
and 364.78 + 24.24 mm on right side with no between left and right cadaveric tibiae. [Table 5]

statistically significant difference (p = 0.172) while

Table 5: Laterality wise comparison of various linear anthropometric measurements of cadaveric tibiae

Characteristic Left (n = 15) Mean (SD) Right (n = 15) Mean (SD) t-value p-value
Tibial length 363.44 (24.47) 364.78 (24.24) -0.151 0.88
AP-MC 44.72 (4.78) 44.43 (4.78) 0.1611 0.87
T-MC 31.68 (4.05) 31.00 (4.16) 0.4487 0.66
AP-LC 37.99 (3.45) 38.20 (3.52) -0.164 0.87
T-LC 31.80 (3.60) 30.95 (3.61) 0.6511 0.52
AP-IC 47.21 (5.27) 46.80 (5.52) 0.2093 0.84
T-IC(A) 25.53 (3.74) 24.75 (3.47) 0.5861 0.56
T-IC(M) 10.45 (1.52) 10.13 (1.41) 0.5805 0.57
T-IC(P) 17.19 (2.60) 17.31 (2.81) -0.1194 091
APIC-A 27.04 (3.87) 27.49 (4.31) -0.3006 0.77
APIC-P 20.53 (1.88) 19.70 (2.20) 1.1142 0.27
BCW 72.94 (6.64) 72.73 (6.58) 0.087 0.93

{Values are expressed in Mean (SD); independent samples Student’s t-test was used to compare left and right
sides}

The anteroposterior dimensions of medial condyle 6.48 = 3.95 mm and was statistically significant (p =
were greater in comparison to lateral in both left and <0.001). The mean difference between T-MC and T-
right-side cadaveric tibiae; the mean difference LC was -0.13 + 2.78 mm on left and 0.06 + 2.93 mm
between AP-MC and AP-LC in left and right side on right while the overall mean difference was -0.03
were 6.72 £ 395 mm and 6.23 + 4.07 mm + 2.80 mm and it was not statistically significant (p =
respectively whereas the overall mean difference was 0.949). [Table 6]

Table 6: Comparison of medial and lateral condylar dimensions in cadaveric tibiae

Comparison Group Mean difference = | 95% CI t-value p-value
SD Lower Upper
AP-MC & AP-LC Left (n=15) 6.72+3.95 4.54 8.91 6.593 <0.001
Right (n=15) 6.23 £4.07 3.98 8.49 5.932 <0.001
Overall (n=30) | 6.48£3.95 5.01 7.95 8.987 <0.001
T-MC & T-LC Left (n=15) -0.13+2.78 -1.66 141 -0.175 0.864
Right (n=15) 0.06+2.93 -1.56 1.68 0.078 0.939
Overall (n=30) | -0.03 +2.80 -1.08 1.01 -0.064 0.949
{Mean differences were calculated by medial minus lateral measurement and paired Student’s t-test was used}
The correlation coefficients ranged from r=0.060 for T-MC, T-LC, T-IC(A), APIC-A, APIC-P and BCW;
T-IC(P) to r = 0.791 for BCW; while the significant whereas T-IC(M) and T-IC(P) were not statistically
positive correlations were seen for AP-MC, AP-IC, significant. [Table 7]
Table 7: Correlation of tibial length with other measured parameter of cadaveric tibiae
Parameters Pearson correlation coefficient (r) Level of correlation p-value Significance level
AP-MC 0.580 Moderate <0.001 Very highly significant
AP-LC 0.436 Mild 0.436 Not significant
AP-IC 0.727 Strong <0.001 Very highly significant
T-MC 0.372 Mild 0.043 Significant
T-LC 0.587 Moderate <0.001 Very highly significant
T-IC(A) 0.442 Mild 0.014 Significant
T-IC(M) 0.309 Mild 0.096 Not significant
T-IC(P) 0.060 Weak 0.752 Not significant
APIC-A 0.689 Moderate <0.001 Very highly significant
APIC-P 0.525 Moderate 0.003 Very highly significant
BCW 0.791 Strong <0.001 Very highly significant

{Pearson correlation was calculated by using total tibial length}.
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DISCUSSION

The present study evaluated the linear anthropometry
of the upper end of tibia by using direct
measurements of 401 dry tibiac and 30 cadaveric
tibiae and the main outcome was that several
proximal tibial dimensions were different between
right and left side of dry bone sample, the
anteroposterior dimensions of medial condyle was
greater than lateral condyle, male cadaveric tibiae
were larger than female tibiae for most of the
measured parameters and the tibial length was
showing positive correlation with majority of upper
end of tibial measurements.

The mean AP-MC in the present dry bone sample was
measured 41.51 + 3.76 mm on the left and 42.60 +
3.78 mm on the right while AP-LC was 36.02 + 3.18
mm and 36.78 £ 3.51 mm, respectively; medial
condyle was consistently larger than the lateral
condyle in the anteroposterior direction and this
finding is consistent with established asymmetry of
tibial plateau. Murlimanju et al. reported AP length
of medial plateau was 39.8 £ 3.8 mm and of lateral
plateau was 33.6 £ 3.7 mm with the lateral plateau
significantly smaller than medial in a study of 73 dry
South India tibiae.[®! Bhadoria et al. reported greater
AP and transverse dimensions of medial condyle of
tibia in comparison to lateral condyle among North
Indian population.'” Anteroposterior dimension of
medial condyle was greater than lateral in both left
and right dry tibiae and in the cadaveric tibiae;
whereas in transverse dimensions T-MC was
significantly smaller than T-LC in dry tibiae while
the transverse medial-lateral differences were not
significant statistically in cadaveric tibiae. Studies
using three-dimensional reconstruction and imaging
have also showed presence of substantial asymmetry
of upper end of tibia. Cheng et al. demonstrated
substantial variation in proximal tibial dimensions
and showed morphology of upper end of tibia
changes with sex and overall size.[! Nakamura et al.
demonstrated changes in AP, ML and medial to
lateral AP relationships at different levels of upper
end tibial resection.''! Several parameters in this
study were significantly larger on the right side like-
AP-MC, T-MC, AP-LC, T-LC, T-IC(A), T-IC(M),
T-IC(P), APIC-A while the other two APIC-P and
BCW did not significantly differ between sides.
Murlimanju et al. showed no significant right-left
differences for most of measured plateau parameters
in South Indian dry tibiae aside from lateral plateau
length 8. In cadaveric tibiae, none of the laterality
comparisons reached statistical significance. Male
cadaveric tibiae had greater mean values for all
measured linear parameters in comparison to female
cadaveric tibiae; statistical significant differences
were seen among tibial length, AP-MC, AP-LC, T-
LC, AP-IC, T-IC(A), APIC-A, APIC-P and BCW
whereas T-MC, T-IC(M) AND T-IC(P) showed no
statistically significant differences. The difference in
tibial length, mean of 340.75 + 10.71 mm in female
tibiae and 384.55 + 7.33 mm in male tibiae while for

BCW 67.36 + 3.83 mm in females and 77.63 + 4.06
mm in males. Lucena-dos-Santos et al. reported
significantly greater values for all ten measured
proximal tibia measurements in males in comparison
to females including medial and lateral condylar and
intercondylar measurements among 60 pairs of adult
tibiae.'”) Gandhi et al. demonstrated significant
gender differences across measurements of proximal
tibia in their North Indian sample.[”’ Korean MRI-
based morphometric analysis showed significant
large upper end of tibia dimensions in men and
difference in tibial aspect ratio between male and
female.l'¥l Yang et al. reported significant gender
related differences among ML, AP, medial AP and
lateral AP dimensions of the upper end of tibia in
Chinese knees.'¥! Wise et al. on statistical shape
analysis demonstrated significant gender associated
differences in upper end of tibial shape after adjusting
demographic  factors.')  The gender linked
differences was seen in this cadaveric related sample
study, therefore need of broader literature. In
intercondylar dimensions of dry tibiae, the right side
showed significantly greater value for AP-IC, T-
IC(A), T-IC(M), T-IC(P) and APIC-A while APIC-P
was not differed significantly. Zheng et al. showed
substantial variability in morphology and position of
soft tissue insertion on tibial plateau by using three-
dimensional models of cadaveric tibiaec and founded
these relation could not always predicted adequately
from single tibial dimensions.['®! The tibial length
showed positive correlation with all measured
proximal tibial parameters in dry bone sample and the
strongest were seen with AP-LC, AP-IC, AP-MC, T-
LC, BCW, T-MC, APIC-A, T-IC(A) and APIC-P
whereas T-IC(M) and T-IC(P) had weaker
correlation; while in cadaveric tibiae positive
correlations were seen for all measured parameters
and overall strongest was showed by BCW (r =
0.791). The relation between overall bone size and
upper end of tibia dimensions is consistent with
morphometric studies and demonstrating that size is
one of the important components of proximal tibial
variation because here finding in this study indicated
larger tibiae having larger proximal tibial
dimensions. Dai et al. did comprehensive assessment
of 347 digital tibial models and reported that
dominant source of morphological variation was
overall size and it was contributed by asymmetry and
aspect-ratio differences.!'”]

The differences between the measurements of tibiae
in this study and those reported in other populations
reflects the population dependent morphological
nature of proximal tibial. Moghtadaei et al. did study
on Iranian population and reported significant gender
related differences in upper end of tibial dimensions
and existence of asymmetry between medial and
lateral anteroposterior dimensions.['®! Small proximal
tibial dimensions in females and asymmetry between
medial and lateral AP dimensions was also shown in
MRI-based study of Iranian knees.[') Miyatake et al.
did intraoperative analysis of 703 knees in 566
Japanese patients and showed the importance of
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matching tibial component to the actual resected
tibial morphology.*”! Hafez et al. did study on
Arabian knees likewise and showed population
specific AP and ML dimensions and compared these
measurements with available implant dimensions.?!]
Shah et al. demonstrated on the basis of their MRI
based study that asymmetric tibial trays achieved
greater tibial coverage than symmetric designs and
that coverage varied according to sex.*?
Anthropometry of proximal tibia is of great
importance clinically and relevant to the total knee
arthroplasty.

Strength: The main strength of this study is its large
dry bone sample of 401 tibiae, and it allows detail
assessment of multiple proximal tibial dimensions,
there was also cadaveric components included which
provided additional information. Direct
anthropometric measurements of proximal tibia
rather than dependency on radiography or other
imaging techniques, multiple dimensions of the
medial and lateral condyles and intercondylar region
were evaluated was also one of the strengths of this
study. The study examined laterality, gender related
differences in cadaveric tibiae, condylar differences
between medial and lateral and correlation of tibial
length with other measured parameters and these all
provides multidimensional information of proximal
tibia morphology. Use of clearly defined anatomical
landmarks and standardized measurement provide an
informative anatomical dataset that can be used for
comparison with other morphometric studies.
Limitation: The dry bones were taken from single
institutional osteology collection; along with this the
age, gender and stature were unknown so age and
gender specific analysis could not be performed on
dry bones sample. The cadaveric samples were small,
only 15 and so it limits precision and generalizability.
This study was also conducted at a single centre and
for this reason the findings may not represent the
entire Indian population. Measurements were
performed on the intact proximal tibial articular
surface. The dry bone and cadaveric tibiae differ in
demographic availability and sample structure, and
so comparison will be inappropriate.

CONCLUSION

This respective study demonstrates considerable
measurable variation in linear anthropometry of the
upper end of tibia. Several dimensions differed
significantly between the right and left sides while
the medial condyle showed greater anteroposterior
dimension than the lateral condyle in dry tibiae. Male
dimensions were consistently greater than female
dimensions for all measured parameters, all gender
wise differences not reached to statistical
significance and even the laterality differences were
not significant statistically in cadaveric tibiae. Tibial
length showed positive correlation with most of the
proximal tibial dimensions and so it shows relation
between overall tibial size and proximal morphology.

The finding supports asymmetric and population
dependent nature of upper end of tibia anatomy and
provide direct morphometric data from an Indian
sample. These measurements may serve as
anatomical reference data for further studies of
morphology regarding upper end of tibia and for
investigation in terms of implant size and design;
nevertheless, direct application of measurements for
implant  selection requires correlation with
standardized resection surface and clinical studies.
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