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The aim of the study was to determine the measurements of meniscus
and weight-bearing surface in the knee joint, proportions and correla-
tions between the meniscus area and the weight-bearing surface of ti-
bia. Methods and results. In total, 136 knees (68 right and 68 left) of
40 male and 28 female human cadavers were investigated in 1999–2001.
Body length and morphological indices of tibial plateau and menisci for
left and right knees of each cadaver were examined and analysed. The
mean values were as follows: in males, the right medial meniscus (MM)
occupied 6.4 cm2, left MM 6.5 cm2; the area of right lateral meniscus
(LM) was 6.1 cm2 and left LM 6.2 cm2; in females, right MM occupied
5.0 cm2, left MM 5.1 cm2, the area of right ML was 4.5 cm2 and left
ML 4.5 cm2. In males the right MM occupied 55.7%, left MM 56.8%,
the right LM 71.0% and left LM 71.8% of the total weight-bearing
surface of the knee. In females, the right MM occupied 55.9%, left
MM 54.7%, right LM 68.9%, left LM 70.5%. A male 173 cm high with
the average body weight 80 kg has a 1.99 kg/cm2 pressure on the weight-
bearing surface of tibia in the knee. Additional 40 kg increase the
pressure in the knee 1.5 times (up to 2.98 kg/cm2), while after total
medial meniscectomy weight pressure on the medial part of tibial pla-
teau increases 2.3 times (up to 4.5 kg/cm2). Lateral meniscectomy inc-
reases weight pressure on the lateral tibia plateau 3.5 times (up to 6.9
kg/cm2).
Conclusions. The medial meniscus occupies 55–56% of the medial
weight-bearing surface of tibial plateau (no sex differences). The la-
teral meniscus occupies 70–71% of the lateral weight-bearing surface
of tibial plateau (no sex differences). Total meniscectomy changes the
pressure on a square unit of tibia significantly and might be a reason
for degenerative changes in the knee, while some overweight should
not be the main agent of osteoarthritis in a healthy knee.
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INTRODUCTION

The knee is one of the most frequently injured joints
because of its anatomical structure, its exposure to
external force, and the functional demands placed
on it (1, 2). Successful diagnosis of knee injuries is
impossible without a perfect understanding of the
normal knee anatomy. Nevertheless, not all details
of clinical and functional anatomy are completely
understood. Moreover, there is not much informa-
tion on the measurements of the internal structures
of human knee joint and its relation with different
pathologies of the knee.

The structures of the knee joint are divided into
osseous, intraarticular and extraarticular soft tissu-
es. Over the last few decades much emphasis has

been placed on the intraarticular ligaments (3, 4),
whereas the menisci, tibial plateau and tibiofemoral
load transmission are less studied. In the 19th
through 20th century the knowledge about menisci
gradually evolved from a perception of them as an
inactive and functionless structure to the view that
they are a vital and multifunctional component of
the knee (5, 6). Biomechanical, experimental and
clinical researches demonstrated a significant role
of menisci in the joint (compensation of incongruity
of femoral and tibial articular surfaces, amortisa-
tion, shock absorption and joint stabilisation, as well
as helping the distribution of synovial fluid throug-
hout the joint, preventing capsular and synovial im-
pingement during movement in the joint) (1–8).
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A classical paper that properly led to the view that
meniscectomy is followed by gonarthrosis was publis-
hed by E. Tapper and N. Hoover as far back as 1969
(9). The article has been cited extensively and follo-
wed by a number of long-term follow-up clinical stu-
dies that concluded as follows: partial meniscectomy is
better to compare with total resection (3, 10–16). Ho-
wever, till now there are no detailed investigations
enough to prove a multiple relationship between the
morphological and functional peculiarities of knee
structures, tibiofemoral load transmission and the spe-
cific pathology of the knee joint (1, 4).

Experimental researches demonstrated the menis-
ci to play a significant role in joint lubrication (11),
shock absorption (12, 13) and joint stabilization (14).
During in vitro axial loading, meniscectomy leads to
a large reduction in contact areas in the femorotibial
joint and an increase in the peak stress on tibial
cartilage (10, 15–18). Moreover, there is a linear cor-
relation between the increase in peak stress on the
tibial joint surfaces and the amount of meniscus tis-
sue removed. It is generally believed that osteoart-
hritic changes very strongly depend on the meniscus
load transmission function and its impairment.

The purpose of this study was to determine the
measurements of tibial plateau and menisci, to eva-
luate changes in tibiofemoral load transmission af-
ter meniscectomy. The following tasks were raised
up: to measure menisci and weight-bearing surface
in the knee; to find proportions and correlations
between the meniscus area and the weight-bearing
surface of tibia; to calculate theoretically the body

weight pressure on a square unit of the weight-be-
aring surface of tibia.

MATERIALS AND METHODS

In total, 136 knees (68 right and 68 left) of 40
male and 28 female human cadavers were investiga-
ted at the Vilnius Morgue of Forensic Medicine and
Department of Anatomy, Histology and Anthropo-
logy of Vilnius University in 1999–2001 (Table 1).
The age of males ranged from 19 to 92 years (me-
an, 52.6) and of females from 30 to 86 years (me-
an, 57.2). Body length and the following morpholo-
gical indices of the body, tibial plateau and menisci
for the left and right knees of each cadaver were
examined (Figs. 1, 2) and analysed:

1. Surface area of lateral meniscus (AreaMenLat),
using a transparent film laid down of a surface area
and later put on the graph paper for calculating who-
le and incomplete quadrates of the paper.

2. Surface area of the lateral side of tibial pla-
teau excluding the meniscus area
(AreaTibLatExMen), using a transparent film.

3. Surface area of the total lateral side of tibial
plateau (AreaTibLat), using a transparent film.

4. Surface area of the medial meniscus
(AreaMenMed), using a transparent film.

5. Surface area of the medial side of tibial pla-
teau excluding meniscus area (AreaTibMedExMen),
using a transparent film.

6. Surface area of the total medial side of tibial
plateau (AreaTibMed), using a transparent film.

Table 1. Descriptive statistics for measurements of left and right knee of male and female menisci and
tibial plateau

Knee measurement Males Females
(R – right, L – left)

M SD V Min Max p* M SD V Min Max p*
AreaeMenLat R 6.1 1.14 1.29 4.5 8.5 0.71 4.5 0.68 0.47 3.50 6.0 1.00
(in cm2) L 6.2 1.12 1.25 4.3 8.6 4.5 0.83 0.69 3.13 6.1
AreaTibLatExMen R 2.5 0.64 0.41 1.1 3.9 0.90 2.1 0.42 0.18 1.4 2.9 0.54
(in cm2) L 2.5 0.69 047 1.3 4.4 1.9 0.56 0.31 1.4 3.1
AreaTibLat R 8.6 1.36 1.86 5.6 11.1 0.85 6.6 0.85 0.73 4.8 7.9 0.77
(in cm2) L 8.7 1.57 2.47 5.5 11.6 6.5 1.15 1.32 4.8 8.6
AreaMenMed R 6.4 1.22 1.48 3.3 8.9 0.91 5.0 0.82 0.67 3.9 6.5 0.93
(in cm2) L 6.5 1.20 1.43 4.6 9.1 5.1 1.09 1.19 3.8 6.6
AreaTibMedExMen R 5.1 1.25 1.57 2.5 8.5 0.73 4.0 0.83 0.69 3.0 5.3 0.63
(in cm2) L 5.0 1.40 1.95 2.5 9.0 4.2 0.78 0.61 2.9 5.8
AreaTibMed R 11.6 1.71 2.93 8.1 14.3 0.77 9.0 1.46 2.13 6.9 11.7 0.75
(in cm2) L 11.5 1.70 2.90 7.5 14.9 9.3 1.43 2.05 6.6 11.5
AreaMenLat/ R 71.0 6.0 0.4 59.2 83.9 0.80 68.9 4.8 0.2 59.6 76.2 0.82
AreaTibLat (in %) L 71.8 4.7 0.2 61.5 81.5 70.5 5.7 0.3 59.0 78.0
AreaMenMed/ R 55.7 8.0 0.6 30.2 72.2 0.85 55.9 4.1 0.2 47.5 60.3 0.84
AreaTibMed (in %) L 56.8 8.3 0.7 35.7 71.1 54.7 6.2 0.4 40.3 63.0

p* – value of significance of difference between the same measurement of right or left knee of
certain sex.
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In addition, several derivative indices for both
knees of both sexes were calculated from the abo-
ve-mentioned measurements:

7. The proportion of the lateral meniscus area
to the total lateral tibial plateau (per cent) was cal-
culated dividing the surface area of the lateral me-
niscus by the surface area of the total lateral side
of tibial plateau and multiplying the ratio by 100
(AreaMenLat /AreaTibLat).

8. The proportion of the medial meniscus area
to the total medial tibial plateau (per cent) was
calculated dividing the surface area of the medial
meniscus by the surface area of the total medial
side of tibial plateau and multiplying the ratio by
100 (AreaMenMed /AreaTibMed).

The data were computed using the standard pro-
grams of statistical packages (SPSS, EXCEL). Desc-
riptive statistics for each measurement was calcula-
ted and a correlation analysis of Pearson’s correla-
tion coefficients was made. The statistical signifi-
cance of the differences between the same measu-
rements of right and left knee, as well as between
male and female data was determined according to
Student’s t test.

RESULTS

The mean male body length was 173.7 cm (SD =
8.84) and ranged between 153 cm (Min) and 210
cm (Max). Female body length fluctuated between
148 cm (Min) and 174 cm (Max, mean 160.4 cm
(SD = 8.29). There were no statistically significant
differences between all measurements of right and
left knees for both male and female individuals (Tab-
le 1): in most cases p strongly exceeded 0.05 (varia-
tion of p ranged from 0.04 to 1.0). For this reason
we calculated the “average measurement” for the
menisci and tibial plateau of the study contingent
as an average size of the same measurement deri-
ved from the right and left knees of male as well as
female individuals.

The surface area of the menisci and tibial plate-
au of male knees was significantly larger as compa-

red to the same indices of female knee (Table 2):
in most cases p < 0.001. This difference is well
known and coincides with a bigger size of the male
body and its more pronounced skeletal robustness.
Nevertheless, nearly no sexual difference was found
between the proportion of the lateral meniscus area
to the total lateral tibial plateau (p = 0.20) as well
as the proportion of the medial meniscus area to
the total medial tibial plateau (p = 0.52).

A detailed analysis of both knees of male and fema-
le individuals showed that the medial side of the right
or left knee in most cases exceeded the same indices
on the lateral side (Tables 1, 2). The surface area of the
total medial side of tibial plateau (AreaTibMed) exce-
eded the same dimension on the lateral side of the
right or left knee on average 1.33 times (p < 0.001).
The difference was particularly great between the sur-
face area of the medial side of tibial plateau excluding
the meniscus area (AreaTibMedExMen) and the same
dimension of the lateral side of a knee:
AreaTibMedExMen exceeded AreaTibLatExMen of
the right or left knee on average twice (p < 0.001),
whereas the surface area of the medial meniscus
(AreaMenMed) of the right or left knee as compared
to the lateral one (AreaMenLat) was only slightly and
insignificantly bigger (p = 0.25 for the right and p =
0.36 for the left knee). These findings showed that the
proportion of the lateral meniscus area to the total
lateral tibial plateau (AreaMenLat/AreaTibLat) was evi-
dently and significantly greater (p < 0.001) as compa-
red to the proportion of the medial meniscus area to
the total medial tibial plateau (AreaMenMed/
AreaTibMed) of the right (71% versus 55.7%) or left
(71.8% versus 56.8%) knee or its average (71.4% ver-
sus 56.2%). Hence, the lateral meniscus occupies rela-
tively much more place on the tibial plateau as compa-
red to medial one, though the absolute surface area of
the lateral meniscus is even somewhat smaller than the
surface area of the medial meniscus.

The influence of body size on the weight-bearing
surface in the knee was calculated theoretically. Pre-
suming that body weight pressure on a square unit of
tibial plateau in the knee is equal in the lateral and

Table 2. Descriptive statistics for averages of both knee measurements of male and female menisci and
tibial plateau
Average measurement of Males Females
left and right knee

M SD V Min Max M SD V Min Max

AreaMenLat (in cm2) 6.2 1.12 1.126 4.3 8.6 4.5 0.74 0.55 3.1 6.1
AreaTibLatExMen (in cm2) 2.5 0.66 0.44 1.1 4.4 20 0.49 0.24 1.4 3.1
AreaTibLat(in cm2) 8.7 1.46 2.13 5.5 11.6 6.5 0.99 0.98 4.7 8.6
AreaMenMed (in cm2) 6.4 1.20 1.44 3.3 9.1 5.0 0.94 0.88 3.7 6.6
AreaTibMedExMen (in cm2) 5.0 1.32 1.74 2.5 9.0 4.1 0.79 0.63 2.9 5.7
AreaTibMed (in cm2) 11.4 1.70 2.88 7.5 14.9 9.1 1.41 1.99 6.6 11.6
AreaMenLat/AreaTibLat (in %) 71.4 5.4 0.3 59.2 83.9 69.7 5.2 0.3 59.0 78.0
AreaMenMed/AreaTibMed (in %) 56.2 8.1 0.7 30.2 72.2 55.3 5.2 0.3 40.3 63.0
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medial sides, we divided body weight by the general
tibial weight-bearing surface of both knees and calcu-
lated the weight pressure on a square centimetre of
tibial plateau. The pressure on a square centimetre of
tibial plateau for an “average” male (173 cm high)
from our study (“normal” weight was considered to
be 80 kg) could be as follows: weight (80 kg), divided
by AreaTibLat (8.7 cm2) plus AreTibMed (11.4 cm2),
when multiplied by 2 (right and left knee) was equal
to 1.99 kg/cm2 [80 kg: (8.7 cm2 + 11.4 cm2) × 2 = 1.99
kg/cm2]. The general structure of the body, the speci-
fic construction and biomechanics of the knee allow
hypothesizing that the weight pressure on a square
unit of tibial plateau should be the same in different
parts of the knee. As the lateral and medial parts of
the tibia weight-bearing surface are different in size
(medial part bigger than lateral), weight distribution
on the medial and lateral sides of tibial plateau could
be expected to be different. Part of weight on the
medial side of tibial plateau could be calculated by
multiplying the pressure on square cm of tibial plate-
au (1.99 kg/cm2) by AreaTibMed (11.4 cm2) and to
equal 22.7 kg [1.99 kg/cm2 × 11.4 cm2 = 22.7 kg].
Knowing the weight coming on the medial part, we
can calculate the weight pressure on a square centi-
metre of the medial side after removing the medial
meniscus; the weight coming on the medial side (22.7
kg) should be divided by the surface area of the me-
dial side of tibial plateau excluding the medial menis-
cus area (AreaTibMedExMen = 5.0 cm2) and equals
4.5 kg/cm2 [22.7 kg : 5.0 cm2 = 4.5 kg/cm2]. Analo-
gously we can calculate the weight pressure on a squ-
are unit of the lateral side after lateral meniscectomy.
Consequently, additional 40 kilograms of weight pres-
sure on a square unit of tibia increases the load 1.5
times (up to 2.98 kg/cm2). Total medial meniscectomy
changes the pressure on a square unit of the medial
side of tibia about 2.3 times (up to 4.5 kg/cm2), while
after total lateral meniscectomy the load increases 3.5
times (up to 6.9 kg/cm2).

DISCUSSION

Degenerative changes are known to follow menis-
cectomy, but the incidence assessed by radiographic
examination more than 10 years following surgery
has varied from 46% (3.15) to 89% (19), and the
frequency of symptoms in the same studies varied
from 7% to 53%. In a comparative study of open
meniscal resection and total meniscectomy (20), de-
generative changes were present in 30% after par-
tial meniscectomy and in 60% after total meniscec-
tomy less than 6 years after surgery. Odgaard et al.
(18), using CT scans, found that not only total but
also, to a lesser extent, partial medial meniscectomy
was followed by density changes in the proximal ti-
bia within the first 5 years after surgery. Only a few
authors have analyzed the factors stimulating the

degenerative changes in the knee after meniscecto-
my. Alien et al. (15) found that above age 40, ab-
normal leg alignment and localization of the tear
influenced the results, but only the age factor appe-
ared to be of statistical significance.

In animal studies, postmeniscectomy changes have
been found to be proportional to the size of the resec-
ted meniscus (16, 17). The clinical condition of arthro-
sis is the most common cause of disability in older age
groups, involving cartilage disruption and ultimately
joint destruction (21). One of multiple reasons why
osteoarthritis develops is the abnormal loads that can
develop because of meniscus resection or overweight.
Most studies concentrate on osteoathrtitic changes in
the knee after meniscectomy or injury, but it is not
obvious that overweight is a real reason for degenera-
tive osteoarthritis. Our study shows that total menis-
cectomy changes the pressure on a square unit more
significantly and might be a greater reason for degene-
rative changes in the knee, while mild overweight should
not be the main reason of osteoarthritis in a healthy
knee. The hypothesis that the same overweight incre-
ases the pressure on the weight-bearing surface of ti-
bial plateau more significantly for short persons and
those with a more gracile skeleton as compared to tall
and robust skeletons could be raised up from this stu-
dy: the measurements of the skeleton are interrelated
and have a strong correlation with height; hence, the
higher the person, the bigger and more robust long
bones are, also a larger weight-bearing surface in the
knee could be expected. It means that the same over-
weight could be distributed on a large area and conse-
quently the pressure could be lower in comparison with
the same load distribution on a smaller weight-bearing
surface of a short individual.

CONCLUSIONS

1. The medial meniscus occupies 55–56% of the
medial weight-bearing surface of tibial plateau (no
sex differences).

2. The lateral meniscus occupies 70–71% of la-
teral weight-bearing surface of tibial plateau (no sex
differences).

3. The pressure on a square unit of tibial plate-
au after total medial meniscectomy increases 2.3 ti-
mes on the medial side and after total lateral me-
niscectomy 3.5 times on the lateral side.
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KÛNO SUDËJIMO POVEIKIS KELIO SÀNARIO
ATRAMINIAM PAVIRÐIUI

S a n t r a u k a
Šio darbo tikslas – iðmatuoti kelio sànario atraminio pavir-
ðiaus matmenis, nustatyti santykiná meniskø dydá blauzdi-
kaulio atraminio pavirðiaus atþvilgiu, apskaièiuoti, kaip kin-
ta spaudimas á blauzdikaulio atraminio pavirðiaus plotà pa-
ðalinus meniskus bei priaugus svorio. Buvo iðtirti 40 vyrið-
kosios lyties ir 28 moteriðkosios lyties lavonø 136 kelio sà-
nariai (68 deðinieji ir 68 kairieji), iðmatuotas ûgis bei de-
ðiniojo ir kairiojo kelio sànario meniskø matmenys, blauz-
dikaulio atraminio sànarinio pavirðiaus dydis ir plotas.
Duomenys apdoroti panaudojus standartinius statistiniø
programø paketus (SPSS, EXCEL). Rezultatai rodo, kad
vyrø deðiniojo kelio sànario vidinio menisko plotas – 6,4
cm2, kairiojo – 6,5 cm2, iðorinio menisko plotas deðiniaja-
me kelio sànaryje – 6,1 cm2, kairiame sànaryje – 6,2 cm2.
Moterø vidinio menisko plotas deðiniajame kelio sànaryje
– 5,0 cm2, kairiame sànaryje – 5,1 cm2. Iðorinio menisko
plotas tiek deðiniajame, tiek kairiajame kelio sànaryje –
4,5 cm2. Vyrø deðiniajame kelio sànaryje vidinis meniskas
uþima 55,7% blauzdikaulio vidinio atraminio pavirðiaus plo-
to, iðorinis meniskas uþima 71,0% blauzdikaulio iðorinio at-
raminio pavirðiaus ploto. Kairiajame kelio sànaryje vidinis
meniskas uþima 56,8% blauzdikaulio vidinio atraminio pa-
virðiaus ploto, o iðorinis meniskas – 71,8% iðorinio atrami-
nio pavirðiaus ploto. Moterø deðiniajame kelio sànaryje vi-
dinis meniskas sudaro 55,9% blauzdikaulio vidinio atrami-
nio pavirðiaus ploto, o iðorinis meniskas – 68,9% blauzdi-
kaulio iðorinio atraminio pavirðiaus ploto. Moterø kairiaja-
me kelio sànaryje vidinis meniskas sudaro 68,9%, o iðori-
nis meniskas – 70,5% vidinio ar iðorinio blauzdikaulio at-
raminio paviršiaus ploto atitinkamai. Vyriðkosios lyties
173 cm ûgio asmens, sverianèio 80 kilogramø, masë slegia
blauzdikaulio sànarinio pavirðiaus plotà 1,99 kg/cm2 jëga.
Jei tokio ûgio asmens svoris bûtø 40 kg didesnis, spaudi-
mas á blauzdikaulio atraminio pavirðiaus ploto vienetà pa-
didëtø 1,5 kartø ir slëgtø 2,98 kg/cm2. Paðalinus visà vidi-
ná meniskà, spaudimas á ploto vienetà vidinëje sànario pu-
sëje padidëtø iki 2,3 kartø ir slëgtø 4,5 kg/cm2. Paðalinus ið-
oriná meniskà spaudimas iðorinëje sànario pusëje padidëtø
3,5 karto ir slëgtø 6,9 kg/cm2.

Iðvados. Vidinis meniskas uþima 55–56% blauzdikaulio
vidinio atraminio pavirðiaus ploto (skirtumo tarp lyèiø ne-
nustatyta), iðorinis meniskas – 70–71% blauzdikaulio iðori-
nio atraminio pavirðiaus ploto (skirtumo tarp lyèiø nenusta-
tyta). Meniskø paðalinimas gerokai padidina spaudimà á sà-
nario atraminio pavirðiaus plotà ir neabejotinai didina os-
teoartrozës rizikà, taèiau nedidelis antsvoris neturëtø sukel-
ti ryðkesniø degeneraciniø pakitimø sànario kremzlëje.


