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Abstract  

Background: Meniscus injury is common in daily life as  
well as in sports activities especially football players and  
runners. Variation of form, thickness and width of the menisci  
can determine the possibility and type of their injury.  

Aim of Study: The aim of this work is to study the different  
measurements of the different parts of both menisci (distance,  

circumference, thickness and width) in cadaveric specimens  
and to correlate these measurements with in vivo MRI meas-
urements, including sex difference of different meniscal  
parameters.  

Materials and Methods:  The cadaveric study included  
fifty menisci of 25 knees of formalin fixed adult human  
cadavers; Measurements were done with the aid of sliding  
Vernier caliper and were recorded manually. The MRI study  
included 76 patients (38 male and 38 female), the caliper used  
for measurements was inbuilt software. The measurements  
were performed by the same radiologist in all the scans, to  

prevent inter-observer error.  

Results:  In the cadaveric study; correlation between the  
different parameters showed statistically significant positive  
correlation, while in the MRI study; no significant differences  
were found in results when comparing male and female  
subjects, all significant differences were found between medial  

and lateral menisci, with significant positive correlation  
between the different parameters.  

Conclusion:  In cadaveric study, the posterior horn is the  
thickest and widest part of the meniscus in both medial and  
lateral menisci. There is also a strong positive correlation  

between the different parameters of the menisci (distance  
between anterior and posterior horns, the outer and inner  
circumference of the menisci). Regarding MRI study, it is  
concluded that, in agreement with the cadaveric study, the  
posterior horns of the menisci are the thickest and widest  
parts. There is also a strong positive correlation in thickness  
between different parts of the same meniscus, and the width  
between the different parts of the same meniscus. On the other  

hand, there were no significant differences in these parameters  
regarding the sex.  
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Introduction  

THE  knee is the largest synovial joint in the body.  
It consists of femoro-patellar, medial and lateral  
tibio-femoral articulations. This arrangement offers  
a fulcrum for propulsion, and allows the limb to  
bear and transmit the body weight. Because of the  
wide range of its mobility it has more tendencies  
for instability, which is countered by intra and  
extra articular structures [1] . Among these structures  
are the menisci which are a pair of fibro-cartila-
ginous semilunar plates (medial and lateral) situated  
within the knee joint on the tibial condyles deep-
ening its articular surface to receive the femoral  
condyles [2] .  

The medial meniscus (MM) has wide posterior  
horn, narrow anterior horn and more opened C-
shaped appearance. The lateral meniscus (LM) has  
anterior and posterior horns of nearly the same  
width and has more tight C-shaped appearance.  
The superior meniscal surface is smooth and con-
cave, producing greater contact with the femoral  
condyles, while the inferior meniscal surface is  
flat and rest on the opposing surface of the tibia,  
The outer border of the meniscus is convex, thick,  
and attached to the inside of the joint capsule, the  
inner border is concave, thin and free [1] . The  
menisci cover 50% of the medial and 70% of the  
lateral surface of tibial plates [3] .  

Variation in form, thickness and width of the  
menisci can determine the possibility and kind of  
injury [4] . In addition, successful meniscus trans-
plantation depends on accurate sizing [5] . Some  
types of meniscal variants are more liable to de-
generation or tear than normal menisci; early de-
tection of these variants can prevent or delay their  
degeneration or tear by improving habits and life  
style of the patient [6] . Knowledge of the dimen- 
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sions of the normal meniscus may help to differ-
entiate between the normal menisci and patholog-
ical ones, as sometimes meniscal variants are  
misdiagnosed or maldiagnosed as a pathological  
condition variations. This may be important for  
planning surgical interventions in the knee joint  

[7] .  

The common meniscal variants detected in  
previous studies are; discoid lateral meniscus,  

including the Wrisberg variant [8]  and discoid  
medial meniscus [9] , anomalous insertion of the  
medial meniscus [10] , hypoplastic menisci [11]  and  
absent menisci [12] .  

A revolution in the knee diagnosis started with  
the introduction of magnetic resonance image  

(MRI). The privilege of MRI is that it is a non-
invasive diagnostic tool used in evaluation, diag-
nosis and monitoring of the menisci. It is found  
that MRI is superior to computed tomography (CT)  

in demonstration of intra-articular soft tissue struc-
ture of the knee joint [13] . Reports indicated that  
it is an excellent technique for diagnosis of patho-
logical menisci, evaluation of anatomy of the  
meniscus size and detection of its normal variants  

in vivo [14] .  

Material and Methods  

Material:  

Cadaveric study:  

Inclusive criteria:  Fifty menisci of 25 knees  
(14 right and 11 left) of formalin fixed adult human  
cadavers of unknown age and sex were studied in  
the Department of Anatomy, Faculty of Medicine,  

Cairo University through the period from April  

2015 to September 2016.  

Exclusive criteria:  Menisci showing any struc-
tural change altering their morphometric analysis  
such as injuries or advanced degenerative change  

were excluded.  

Radiological study:  Serial sections of knee MRI  
obtained from 76 patients (38 males and 38 females)  
were collected from Radiology Department Faculty  

of Medicine Cairo University through the period  
from April 2015 to September 2016.  

Inclusive criteria of MRI cases  
- The age of the individual should be between  

18-35 years at the time of imaging.  
- Full functionality of the knee joint and full  

weight bearing.  

Exclusive criteria:  
- Any structural changes in menisci which alter  

its normal measurements and prevent its mor-
phometric analysis such as injury or degener-
ative changes.  

- Any previous surgical intervention in the knee.  

Methods:  
Cadaveric study:  

After removal of the skin and the muscles surr-
ounding the knee joint, the joint cavity was opened  

by cutting the patellar and collateral ligament horiz-
ontally. Menisci were exposed clearly and the tibial  
condyles with the menisci were then disconnected  
from the femur by cutting the ACL and PCL near  

their tibial insertion. Then the menisci were dis-
connected from the tibial plateau, except at their  

anterior and posterior horns, by cutting the coronary  
ligaments.  

Morphological parameters:  Before cutting the  
coronary ligaments, the shape of the menisci was  
studied and accordingly, the meniscus shape was  

classified as crescentic, C-shape, sickle shape,  

sided U shaped and sided V shaped. The site of  

attachment of the meniscal horns was also recorded  

whether normal or abnormal.  

Morphometric parameters: The following meas-
urements were obtained with the aid of sliding  

Vernier caliper in mms, tabulated and subjected to  

statistical analysis.  

The distance between the anterior horn and the  

posterior horn of the menisci were measured by  

placing the Vernier caliper between the apeces of  

the anterior horn and posterior horn The outer and  
the inner circumferences of the menisci were meas-
ured with non-elastic cotton thread. For this, a  

piece of thread was placed across the edge of the  

menisci from the apex of the anterior horn to the  

apex of posterior horn. This thread was held in  

place with metallic pins. The length of this thread  

from the most anterior part of the insertional area  

to the most posterior part was measured using  

Vernier caliper. The thickness of the menisci was  

measured in the middle of each of the three above  

mentioned parts of the meniscus using the Vernier  
caliper. The width of the menisci was measured in  

the middle of each of the three afore mentioned  

parts using the Vernier caliper.  

Radiological study:  Serial sections of MRI  
scans (1.5 Tesla MRI, Philips of Nederland) were  
taken with the patient lying supine and the knees  
extended. The images were viewed and the meas-
urements performed using the inbuilt software.  



Hoda M. El-Aasar, et al. 4477  

Images which showed complete view of all parts  
of medial and lateral menisci were selected for this  

study. As the caliper used for these measurements  
was inbuilt software so, there was no discrepancy  

in the measured values.  

The thickness and width of menisci were meas-
ured at three regions; the anterior horn, mid- body,  

and posterior horn. The dimensions were studied  
in sagittal and coronal planes with T1-weighted,  
T2-weighted images and Proton Density (PD).  

Imaging of meniscal structures and contour was  

better with PD and Gradient fast field echo (FFE)  

T2-weighted sequences. The thickness and width  
of the anterior and the posterior horns of each  

meniscus were measured in sagittal view while the  
thickness and width of the mid-body were measured  
in coronal view.  

Statistical Methodology:  
All the measurements were tabulated (Tables  

1-14) and subjected to statistical analysis using  
SPSS statistical package version 20 (SPSS Inc.,  
Chicago, IL). Numerical data were expressed as  

mean and standard deviation. All data was exam-
ined by Kolmogorov smirnov test for normality.  
For quantitative data, the independent t-test was  
used to compare the different parameters regarding  

side and sex. The paired t-test was used within the  
same meniscus to compare different parameters  
between the different regions. All tests were two  

tailed and a p-values <_0.05 and <0.001 were con-
sidered significant and highly significant, respec-
tively). Bivariate correlation analysis was done to  
examine the relationship between two numeric  

data and was graphically summarized by scatterplot  

diagram. The Pearson correlation indicated:  
Strength of the relationship (strong or weak) - 
Direction of the relationship:  

- Positive (direct):  Variables move in the same  
direction.  

- Negative (inverse):  Variables move in opposite  
direction.  

Results  

Morphological results:  

In the present study, 50 menisci (25 medial and  

25 lateral) were examined. The most common  
shape for the medial meniscus was the crescentic  
shape (23 cases, 92%) (Fig. 1 a) followed by the  

sickle shape (2 cases, 8%) (Fig. 1b). Regarding  

the lateral meniscus, the most common shape was  

the C-shape (21 cases, 84%) (Fig. 1c), followed  
by the sided U shape (4 cases, 16%) (Fig. 1d).  

Other shapes were not encountered neither in  
medial nor in lateral menisci. Regarding the site  

of the attachment of the anterior and posterior  

horns, no abnormalities were detected.  

The anterior horn of medial meniscus was at-
tached to the anterior tibial inter-condylar area in  

front of the anterior cruciate ligament whereas the  

posterior horn was attached to the posterior tibial  

inter-condylar area between the attachments of the  

lateral meniscus and posterior cruciate ligament.  

The anterior horn of lateral meniscus was at-
tached in front of the inter-condylar eminence  

posterolateral to the anterior cruciate ligament  
whereas the posterior horn was attached behind  

the inter-condylar eminence in front of the posterior  

horn of the medial meniscus. The peripheral mar-
gins of both menisci were attached to the capsule  
except in posterolateral aspect of the lateral menis-
cus where it was grooved by the tendon of popli-
teus.  

Morphometric results:  
A- Cadaveric study:  
• Distance between anterior and posterior horns  

of the menisci:  

The maximum distance between anterior and  

posterior horns of medial meniscus was 29mm and  
the minimum was 23mm (Table 1, Fig. 2a). While  
in lateral meniscus, the maximum distance was 14  

mm and the minimum was 9.5mm (Table 1, Fig.  

2b).  

• Outer circumference of the menisci:  

Regarding the outer circumference of the medial  
meniscus, the maximum measurement was 102  
mm and the minimum was 89mm (Table 1, Fig.2c).  
On the other hand the maximum measurement for  

lateral meniscus was 100mm and the minimum  

was 80mm (Table 1, Fig. 2d).  

• Inner circumference of the menisci:  
The maximum inner circumference in medial  

meniscus was 57mm and the minimum was 47mm  

(Table 1, Fig. 2e). While in the lateral meniscus,  

the maximum measurement was 53mm and the  

minimum was 41mm (Table 1, Fig.2f).  

• Thickness of anterior 1/3 of the menisci:  

The maximum measurement in medial meniscus  
was 5mm and the minimum was 3.5mm (Table 1,  
Fig. 3a). In the lateral meniscus, the maximum  
measurement was 5mm and the minimum was  

3.5mm (Table 1, Fig. 3b).  
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• Thickness of middle 1/3 of the menisci:  

Regarding the thickness of middle 1/3 of the  
medial meniscus, the maximum measurement was  
8 mm and the minimum was 5mm (Table 1, Fig.  
3c). While the maximum measurement in lateral  

meniscus was 7mm and the minimum was 5mm  
(Table 1, Fig. 3d).  

• Thickness of posterior 1/3 of the menisci:  

In measuring thickness of posterior 1/3 of me-
dial meniscus, the maximum measurement was  

8mm and the minimum was 5mm (Table 1, Fig.  

3e). Regarding the lateral meniscus, the maximum  

measurement was 7.5mm and the minimum was  
5mm (Table 1, Fig. 3f).  

• Width of anterior 1/3 of the menisci:  

The maximum measurement in medial meniscus  
was 10mm and the minimum was 8mm (Table 1,  
Fig. 4a). In the lateral meniscus, the maximum  
measurement was 11.5mm and the minimum was  

9mm (Table 1, Fig. 4b).  

• Width of middle 1/3 of the menisci:  

As for the medial meniscus, the maximum  

measurement was 12.5mm and the minimum was  

7mm (Table 1, Fig. 4c). In lateral meniscus, the  

maximum measurement was 13.5mm and the min-
imum was 9mm (Table 1, Fig. 4d).  

• Width of posterior 1/3 of the menisci  

The maximum measurement in medial meniscus  
was 13mm and the minimum was 9mm (Table 1,  
Fig. 4e). The maximum measurement in lateral  
meniscus was 12mm and the minimum was 10.5  
mm (Table 1, Fig. 4f).  

B- Radiological Study:  

The following measurements were obtained  

from MRI of 76 knees.  

• Thickness of anterior horn of the menisci:  

The maximum measurement in medial meniscus  
was 6.6mm and the minimum was 4.7mm (Table  

2, Fig. 5a). While in the lateral meniscus, the maxi-
mum measurement was 6.3mm and the minimum  

was 4.2mm (Table 2, Fig. 5b).  

• Thickness of mid-body of the menisci:  

In all measured MRI cases, the maximum meas-
urement in medial meniscus was 7.9mm and the  
minimum was 5.1mm (Table 2, Fig. 5c). On the  
other hand the maximum measurement in lateral  

meniscus was 7.2mm and the minimum was 5.6mm  
(Table 2, Fig. 5c).  

• Thickness of posterior horn of the menisci:  

Regarding the thickness of the posterior horn  

of the medial meniscus, the maximum measurement  
was 8.9mm and the minimum was 5mm (Table 2,  
Fig. 5a). While in lateral meniscus, the maximum  

measurement in was 8.6mm and the minimum was  
5.9mm (Table 2, Fig. 5b).  

• Width of anterior horn of the menisci:  

The maximum measurement in medial meniscus  
was 9.8mm and the minimum was 8mm (Table 2,  
Fig. 5d). Regarding the lateral meniscus, the max-
imum measurement in was 12.2mm and the mini-
mum was 9mm (Table 2, Fig. 5e).  

• Width of mid-body of the menisci  

As for the medial meniscus, the maximum  

measurement was 11.4mm and the minimum was  

6.9mm. (Table 2, Fig. 5f). In lateral meniscus, the  

maximum measurement in was 13.1 mm and the  

minimum was 9.2mm. (Table 2, Fig. 5f).  

• Width of posterior horn of the menisci:  

In measuring width of posterior horn of medial  
meniscus, the maximum measurement was 14.9mm  
and the minimum was 12.6mm. (Table 2, Fig. 5d).  
The maximum measurement in lateral meniscus  

was 12.2mm and the minimum was 9.2mm (Table  
2, Fig. 5f).  

Statistical results:  
A- Cadaveric study:  

• In the present study, the values of the meas-
urements of the distance between anterior and  

posterior horn in the medial meniscus, in all cases,  

showed higher values compared with those of the  
lateral meniscus which was statistically highly  
significant (p-value=0.000) (Table 1).  

• The values of the measurements of the outer  
circumference of the medial meniscus, in all cases,  

showed higher values than those of the lateral one  
and it was statistically highly significant ( p-value  
=0.000) (Table 1).  

• The values of the measurements of the inner  
circumference of the medial meniscus, in all cases,  

showed higher values compared with those of that  
of the lateral meniscus and this difference was  

statistically highly significant (p-value=0.000)  
(Table 1).  

• Comparing thickness of different parts be-
tween medial and lateral menisci in the present  
study, the measurements of the thickness of the  

middle 1/3 of the medial meniscus showed higher  
values than with those of the lateral meniscus  
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which was statistically highly significant (p-value=  
0.000). The values of thickness of the anterior and  

posterior 1/3 of medial meniscus were also higher  
than the lateral, but these differences were statis-
tically non-significant (Table 1).  

• Comparing the thickness of the different parts  
of the meniscus on the same side, it was found that  

the posterior horn is the thickest part of the menis-
cus followed by the mid-body then the anterior  
horn and it was statistically highly significant in  

both lateral and medial menisci (p-value=0.000)  
(Table 2).  

• Comparing the width of different parts be-
tween both menisci in the present study, the meas-
urements of the width of anterior 1/3 of lateral  

meniscus showed higher values compared with  
those of the medial meniscus and it was statistically  
highly significant (p-value=0.000), and the meas-
urements of the width of middle 1/3 of the lateral  
meniscus were larger than that of medial meniscus  
and this difference was statistically significant ( p-
value=0.03). On the other hand, the measurements  

values of the width of posterior 1/3 of the medial  

meniscus were higher than the lateral, but it was  
statistically non-significant (Table 1).  

• Comparing the width of different parts of the  

meniscus on the same side, it was found that the  

posterior horn was the widest part of the meniscus  

followed by the mid-body then the anterior horn  
and it was statistically highly significant in both  

lateral and medial menisci (p-value=0.000) (Table  
3).  

Correlation between different parameters:  
• The correlation between the measurements  

of each of the outer circumference, inner circum-
ference and the distance between the anterior and  

posterior horn of the medial meniscus showed  
statistically highly significant positive correlation  
(p-value=0.000) (Figs. 6a,b&c).  

• The correlation between the measurements  
of each of the outer circumference, inner circum-
ference and the distance between the anterior and  

posterior horn of the lateral meniscus showed  

statistically highly significant positive correlation  
(p-value=0.000) (Figs. 6d,e&f).  

B- Radiological study:  
a-  Thickness of the different parts of the menisci:  

• The measurements of thickness of the anterior  
horn, mid-body and posterior horn in males were  

slightly higher than those of females both in medial  
and lateral menisci, but these differences were  

statistically non-significant (Table 4, Figs. 7a,b).  

• In comparing thickness of different regions  
between medial and lateral menisci in the present  
study, regardless sex, it was found that the meas-
urements of the thickness of the anterior horn of  

the medial meniscus showed higher values com-
pared with those of the lateral meniscus which was  

statistically highly significant (p-value=0.001).  
While the measurements of the thickness of the  
mid-body of the lateral meniscus showed higher  

values than those of the medial meniscus and it  

was statistically significant (p-value=0.03), but  
there was no statistically significant difference in  
the measurements of thickness of the posterior  
horn between both menisci (p-value=0.4) (Table  
5, Fig. 7c).  

• In comparing the thickness of different parts  

of the meniscus on the same side, it was found that  

the posterior horn was the thickest part of the  
meniscus followed by the mid-body then the ante-
rior horn and it was highly statistically significant  
in both medial and lateral menisci ( p-value=0.000)  
(Figs. 7a,b).  

b- Width of the different parts of the menisci:  

• The measurements of width of the anterior  

horn, mid-body and posterior horn in males were  

slightly higher than those of females both in medial  

and lateral menisci, but these differences were  

statistically non-significant (Table 4).  

• Comparing the width of different regions  
between medial and lateral menisci, regardless sex,  
it was found that the measurements of the anterior  
horn and the mid-body of the lateral meniscus  
showed higher values compared with those of the  

medial meniscus and it was statistically highly  
significant (p-value=0.000). While the measure-
ments of the width of the posterior horn medial  

meniscus showed higher values than those of the  
lateral meniscus which was statistically highly  
significant (p-value=0.000) (Table 5, Fig. 7f).  

• Comparing the width of the different parts of  

the meniscus in the same side, it was found that  

the posterior horn is the widest part of the meniscus  

followed by the mid-body then the anterior horn  
and it was statistically highly significant in both  

medial and lateral menisci (p-value=0.000). (Figs.  
7d,e).  

Correlation between different parameters:  
The correlation between the measurements of  

the thickness between the different regions of the  
medial meniscus showed statistically highly sig-
nificant positive correlation (p-value=0.000) (Figs.  
8a,b&c). The present study also showed a statisti- 
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cally highly significant positive correlation between  

the measurements of the thickness between the  
different regions of the lateral meniscus ( p-value=  
0.000) (Figs. 8d,e&f). Correlation between the  

measurements of the width between the different  

regions of the medial meniscus showed statistically  

highly significant positive correlation (p-value=  
0.000) (Figs. 9a,b&c). Correlation between the  
measurements of the width between the different  

regions of the lateral meniscus showed statistically  

highly significant positive correlation (p-value=  
0.000) (Figs. 9d,e&f).  

Table (1): The minimum, maximum and mean ( ±SD) values of different parameters of medial and lateral  

menisci in (mm) (cadaveric study).  

Parameters  Meniscus side  N  Minimum  Maximum  Mean ±SD  p-value  

Distance between anterior  Medial  25  23  29  25.80±2.18  .000*  
and posterior horn  Lateral  25  9.5  14  11.36± 1.58  

Outer circumference length  Medial  25  89  102  95.16±3.62  .000*  
Lateral  25  80  100  88.20±4.95  

Inner circumference length  Medial  25  47  57  51.32±3.29  .000*  
Lateral  25  41  53  45.28±3.16  

Thickness anterior 1/3  Medial  25  3.5  5  4.34±0.47  .174  
Lateral  25  3.5  5  4.16±0.45  

Thickness middle 1/3  Medial  25  5  8  6.22±0.95  .04*  
Lateral  25  5  7  5.74±0.71  

Thickness posterior 1/3  Medial  25  5  8  6.78±0.97  .537  
Lateral  25  5  7.5  6.62±0.85  

Width anterior 1/3  Medial  25  8  10  8.92±0.67  .000*  
Lateral  25  9  11.5  10.00±0.80  

Width middle 1/3  Medial  25  7  12.5  10.24± 1.59  .03*  
Lateral  25  9  13.5  11.14± 1.32  

Width posterior 1/3  Medial  25  9  13  11.20± 1.27  .895  
Lateral  25  10.5  12  11.16±0.81  

*Statistically significant: p-value<0.05, highly significant ≤0.001 using independent t-test.  

Table (2): Comparisons of the thickness between the different  

parts of the meniscus of the same side in (mm)  

(cadaveric study).  

Meniscus  Mean ±SD  p-value  

Medial meniscus:  
Pair 1:  

Thickness anterior 1/3  4.34±0.47  .000*  
Thickness middle 1/3  6.22±0.95  

Pair 2:  

Thickness anterior 1/3  4.34±0.47  .000*  
Thickness posterior 1/3  6.78±0.97  

Pair 3  

Thickness posterior 1/3  6.78±0.97  .000*  
Thickness middle 1/3  6.22±0.95  

Lateral meniscus:  
Pair 1:  

Thickness anterior 1/3  4.16±0.45  .000*  
Thickness middle 1/3  5.74±0.71  

Pair 2:  

Thickness anterior 1/3  4.16±0.45  .000*  
Thickness posterior 1/3  6.62±0.85  

Pair 3:  
Thickness posterior 1/3  6.62±0.85  .000*  
Thickness middle 1/3  5.74±0.71  

* Statistically highly significant using paired t-test  

Table (3): Comparisons of the width between the different  

parts of the meniscus of the same side in (mm)  

(cadaveric study).  

Meniscus  Mean ±SD  p-value  

Medial meniscus:  
Pair 1:  

Width anterior 1/3  8.92±0.67  .000*  
Width middle 1/3  10.24± 1 .59  

Pair 2:  

Width anterior 1/3  8.92±0.67  .000*  
Width posterior 1/3  11.20± 1.27  

Pair 3:  

Width middle 1/3  10.24± 1 .59  .000*  
Width posterior 1/3  11.20± 1.27  

Lateral meniscus:  
Pair 1:  

Width anterior 1/3  10.00±0.80  .000*  
Width middle 1/3  11.14± 1.32  

Pair 2:  

Width anterior 1/3  10.00±0.80  .000*  
Width posterior 1/3  11.16±0.81  

Pair 3:  

Width middle 1/3  11.14± 1.32  .000*  
Width posterior 1/3  11.16±0.81  

* Statistically highly significant using paired t-test  
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Table (4): The minimum, maximum and mean ( ±SD) values of thickness at different parts of medial and  
lateral menisci on basis of sex in (mm) (radiological study).  

Meniscus  Sex  N  Minimum value  Maximum value  Mean ±SD  p-value  

Thickness of anterior horn  Male  38  4.70  6.60  5.64±0.66  .398  
Medial meniscus  Female  38  4.70  6.60  5.51±0.64  

Thickness of mid-body  Male  38  5.00  7.90  6.27±0.84  .816  
Medial meniscus  Female  38  5.10  7.80  6.23±0.83  

Thickness of posterior horn  Male  38  5.00  8.90  7.03±0.89  .826  
Medial meniscus  Female  38  5.90  8.50  6.98±0.76  

Thickness of anterior horn  Male  38  4.20  6.30  5.29±0.70  .376  
Lateral meniscus  Female  38  4.30  6.30  5.16±0.67  

Thickness of mid- body  Male  38  5.60  7.20  6.55±0.51  .317  
lateral meniscus  Female  38  5.60  7.20  6.43±0.54  

Thickness of posterior horn  Male  38  5.90  8.60  6.97±0.76  .518  
Lateral meniscus  Female  38  6.00  8.50  6.86±0.72  

Non-significant using independent t-test  

Table (5): The minimum, maximum and mean (±SD) values of thickness and width of medial and lateral  

menisci at their different three parts regardless sex in (mm) (radiological study).  

Parameters  Meniscus side  N  Minimum  Maximum  Mean ±SD  p-value  

Thickness of anterior horn  Medial  76  4.7  6.6  5.57±0.65  .001*  
Lateral  76  4.2  6.3  5.23±0.68  

Thickness of mid body  Medial  76  5.1  7.9  6.25±0.83  .03 *  
Lateral  76  5.6  7.2  6.49±0.52  

Thickness of posterior horn  Medial  76  5  8.9  7.01 ±0.82  .4  
Lateral  76  5.9  8.6  6.92±0.74  

Width of anterior horn  Medial  76  8  9.8  9.26±0.50  .000*  
Lateral  76  9  12.2  10.16±0.64  

Width of mid body  Medial  76  6.9  11.4  10.23±0.89  .000*  
Lateral  76  9.2  13.1  11.21 ±0.67  

Width of posterior horn  Medial  76  12.6  14.9  13.54±0.74  .000*  
Lateral  76  9.2  12.2  11.40±0.61  

*Statistically significant a: p-value<0.05, highly significant ≤0.001 using independent  t-test.  

Fig. (1): (A): A photograph  
of top view of left tibial plateau  
of a human cadaver showing  
crescentic shaped medial me-
niscus. (B): A photograph of  
top view of right tibial plateau  
of a human cadaver showing  
sickle shaped medial meniscus.  
(C): A photograph of top view  
of left tibial plateau of a human  
cadaver showing C-shaped lat-
eral meniscus. (D): A photo-
graph of top view of left tibial  
plateau of a human cadaver  
showing sided U-shaped lateral  
meniscus.  
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Fig. (2): (A): A photograph of top view of right tibial plateau of a human cadaver showing the measurement of the distance  

between the anterior and posterior horn of the medial meniscus. (B): A photograph of top view of left tibial plateau of a human  

cadaver showing the measurement of the distance between the anterior and posterior horn of the lateral meniscus. (C): A  

photograph of top view of left tibial plateau of a human cadaver showing the measurement of the outer circumference of the  

medial meniscus. (D): A photograph of top view of left tibial plateau of a human cadaver showing the measurement of the outer  

circumference of the lateral meniscus. (E): A photograph of top view of left tibial plateau of a human cadaver showing the  

measurement of the inner circumference of the medial meniscus. (F): A photograph of top view of left tibial plateau of a human  

cadaver showing the measurement of the inner circumference of the lateral meniscus.  
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Fig. (3): (A): A photograph of top view of left tibial plateau of a human cadaver showing the measurement of thickness of  

anterior 1/3 of the medial meniscus. (B): A photograph of top view of left tibial plateau of a human cadaver showing the  

measurement of thickness of anterior 1/3 of the lateral meniscus. (C): A photograph of top view of left tibial plateau of a human  

cadaver showing the measurement of thickness of middle 1/3 of the medial meniscus. (D): A photograph of top view of left  

tibial plateau of a human cadaver showing the measurement of thickness of middle 1/3 of the lateral meniscus. (E): A photograph  

of top view of right tibial plateau of a human cadaver showing the measurement of thickness of posterior 1/3 of the medial  

meniscus. (F): A photograph of top view of left tibial plateau of a human cadaver showing the measurement of thickness of  

posterior 1/3 of the lateral meniscus.  
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Fig. (4): (A): A photograph of top view of left tibial plateau of a human cadaver showing the measurement of the width of  

anterior 1/3 of the medial meniscus. (B): A photograph of top view of left tibial plateau of a human cadaver showing the  

measurement of the width of anterior 1/3 of the lateral meniscus. (C): A photograph of top view of right tibial plateau of a  

human cadaver showing the measurement of the width of middle 1/3 of the medial meniscus. (D): A photograph of top view  

of right tibial plateau of a human cadaver showing the measurement of the width of middle 1/3 of the lateral meniscus. (E): A  

photograph of top view of left tibial plateau of a human cadaver showing the measurement of the width of posterior 1/3 of the  

medial meniscus. (F): A photograph of top view of left tibial plateau of a human cadaver showing the measurement of the width  

of posterior 1/3 of the lateral meniscus.  
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Fig. (5): (A): An MRI sagittal section PD of right knee joint showing measurement of the thickness of anterior and posterior  

horn of the medial meniscus. (B): An MRI sagittal section PD of right knee joint showing the measurement of the thickness  

of anterior and posterior horn of the lateral meniscus. (C): An MRI coronal section T2W Gradient FFE of right knee joint  

showing the measurement of the thickness of the mid-body of the medial and lateral menisci. (D): An MRI sagittal section PD  

of left knee joint showing the measurement of the width of anterior and posterior horn of the medial meniscus. (E): An MRI  

sagittal section PD of right knee joint showing the measurement of the width of anterior and posterior horn of the lateral meniscus  

(F): An MRI coronal section T2W Gradient FFE of left knee joint showing the measurement of the width of the mid-body of  

the medial and lateral menisci.  
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Fig. (6): (A): Scatterplot of a positive correlation between the outer circumference and the distance between the anterior  

and posterior horns of the medial meniscus. (B): Scatterplot of a positive correlation between the inner circumference and the  

distance between the anterior and posterior horns of the medial meniscus. (C): Scatterplot of a positive correlation between the  

outer and inner circumferences of the medial meniscus. (D): Scatterplot of a positive correlation between the outer circumference  
and the distance between the anterior and posterior horns of the lateral meniscus. (E): Scatterplot of a positive correlation  
between the inner circumference and the distance between the anterior and posterior horns of the lateral meniscus. (F): Scatterplot  

of a positive correlation between the outer and inner circumferences of the lateral meniscus.  
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comparison of the mean thickness between the different parts of both menisci regardless sex. D: Bar chart of a comparison of  

the mean width between the different parts of medial meniscus on basis of sex (E): Bar chart of a comparison of the mean width  

of the different parts of lateral meniscus on basis of sex (F): Bar chart of a comparison of the mean width of different parts of  

both menisci regardless sex.  
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Fig. (8): (A): Scatterplot of a positive correlation between the thickness of the anterior horn and mid-body of the medial  

meniscus. (B): Scatterplot of a positive correlation between the thickness of the anterior and posterior horns of the medial  

meniscus. (C): Scatterplot of a positive correlation between the thickness of the posterior horn and mid-body of the medial  

meniscus. (D): Scatterplot of a positive correlation between the thickness of the anterior horn and mid-body of the lateral  
meniscus. (E): Scatterplot of a positive correlation between the thickness of the anterior and posterior horns of the lateral  

meniscus. (F): Scatterplot of a positive he correlation between the thickness of the posterior horn and mid-body of the lateral  
meniscus  
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Fig. (9): (A): Scatterplot of a positive correlation between the width of the anterior horn and mid-body of the medial  
meniscus. (B): Scatterplot of a positive correlation between the width of the anterior and posterior horns the medial meniscus  

(C): Scatterplot of a positive correlation between the width of the posterior horn and mid-body of the medial meniscus. (D):  

Scatterplot of a positive correlation between the width of the anterior horn and mid-body of the lateral meniscus. (E): Scatterplot  

of a positive correlation between the width of the anterior and posterior horns the lateral meniscus. (F): Scatterplot of a positive  

correlation between the width of the posterior horn and mid-body of the lateral meniscus.  
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Discussion  

Meniscus injury is the most common injury  

encountered in practice, sports and everyday activ-
ities. Data related to the morphology and morpho-
metric analysis of the menisci are scarce. Accord-
ingly, the present study investigated diverse meni-
scal shapes and parameters in both adult human  
cadavers and in using MRI.  

The cadaveric study included fifty menisci (25  

medial and 25 lateral) and revealed variation in  

the shape of the menisci. The crescentic shape of  
medial meniscus was most frequent (92%) and the  

sickle shape was least (8%). This result is close to  
that of Itagi et al., [15]  who studied 120 menisci  
from 60 adult cadaveric knee joints in Indian  
population and reported that 96.66% of medial  

menisci were crescentic shaped. Regarding the  

lateral meniscus, the most common shape was the  

C-shape (84%). This comes in agreement also with  
Itagi et al., [15]  who found that 88.33% of the  
lateral menisci were C-shaped.  

The present cadaveric study revealed also that  

the mean distance between the anterior and poste-
rior horn of the medial meniscus was 25.80 ±2.18  
mm which is identical to data by Braz and Silva  
[16]  who worked on 40 menisci in Brazilian popu-
lation and found it to be 25.8 ±3.33mm. On the  
other hand, Ashwini et al., [5]  investigated 25 knees  
of formalin fixed adult human cadavers in Indian  

population and recorded a lower mean distance of  
21.32±3.7mm. The difference might be due to  
racial variation.  

Regarding the mean distance between the ante-
rior and posterior horn of lateral menisci in the  

present cadaveric study, it was recorded as 11.36 ±  
1.58mm which is so close to the result provided  

by Murlimanju et al., [6]  who studied 23 adult  
knees of formalin fixed human cadavers in Indian  
population and reported it as 11.31 ±3.86mm, but  
is lower than that reported by Braz and Silva [16]  
as 12.55± 1.98mm.  

The present cadaveric study agreed with Braz  
& Silva (2010) [16] , Murlimanju et al., [6] and  
Ashwini et al., [5]  who reported that the distance  
between the anterior and posterior horn was larger  

in medial menisci than in the lateral menisci due  

to the fact that the lateral meniscus has the form  

of an almost complete ring, whereas the medial is  
more like half a moon.  

In the present cadaveric study, the mean value of  

the outer circumference of the medial meniscus was  

95.16±3.62mm. This result is higher than those re-
corded by Braz and Silva [16]  who reported it to be  
91.85 ±5.66mm, Ashwini et al., [5]  who reported it  
as 90.12±8.0mm and far more than Rao et al., [17]  
who studied 100 knees of the formalin fixed adult  
human cadavers in Indian population and found it to  
be 86.4±4.5mm. On the other hand, the present finding  
is lower than that of Murlimanju et al., [6]  who  
recorded it as 99.06± 11.21mm. These differences  
might be due to the technique used in the measurement  
as both the present study and the previous studies  

used linear measurement of a nonlinear structure.  

The mean value of the outer circumference of the  

lateral meniscus in the present study was 88.20 ±4.95  
mm which is which is higher than that recorded by  
Rao et al., [17]  87.3±4.9mm, and much higher than  
the results of Ashwini et al., [5]  who found it to be  
83.28 ±7.4 mm. On the other hand, the present result  

is lower than that of Murlimanju et al., [6]  who  
reported it as 90.25±9.36mm. This discrepancy can  
be due to the technique used in the measurement as  

the cotton thread used in the present study and the  
previous studies is not the ideal technique for meas-
uring a nonlinear structure.  

Comparing the mean outer circumference of the  
medial and lateral menisci in the present work, the  

medial meniscus exhibited larger values than that of  

the lateral which was statistically significant. This  
finding is concordant with the results provided by  
Braz and Silva [16] , Murlimanju et al., [6] , Ashwini  
et al., [5]  and Rao et al., [17] . This finding could be  
explained be the fact that the medial tibial condyle  
is larger than the lateral.  

In the present cadaveric study, the mean inner  

circumference of the medial meniscus was 51.32 ±  
3.29mm which was statistically significantly larger  

than that of lateral meniscus which was 45.28  
±3.16mm. Similar findings were reported by Murli-
manju et al., [6]  and Ashwini et al., [5] .  

In the present cadaveric study, the thickness of  

the midpoint of different parts of the meniscus (ante-
rior, middle and posterior 1/3) was measured. To the  

extent of our knowledge the specific points of meas-
urement of the menisci have not been exactly defined  

in the previous literature.  

In the present cadaveric study, the mean thickness  

of these specified parts of the medial meniscus was  

4.34±0.47mm, 6.22±0.95mm and 6.78±0.97mm for  
anterior, middle and posterior thirds, respectively  

and was 4.16±0.45mm, 5.74±0.71mm and 6.62±  
0.85mm for anterior, middle and posterior thirds of  

the lateral meniscus, respectively. These measurements  
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are close to those measured by Takroni et al., [18]  
who studied 6 pairs of menisci of human knee male  

cadavers in Canadian population.  

In the present cadaveric study, the thickness of  

the middle 1/3 of the medial meniscus showed higher  
values than those of the lateral meniscus which was  
statistically significant. However, the values of thick-
ness of the anterior and posterior 1/3 of medial  

meniscus were also higher than the lateral, but these  

differences were statistically non-significant. This  
comes in agreement with Ashwini et al., [5]  who  
suggested that the higher thickness of the middle  

third of the medial meniscus could explain the higher  
incidence of injuries in the medial meniscus relative  
to the lateral.  

Comparing the thickness of different parts of the  

meniscus of the same side, the present cadaveric  

study showed that the posterior horn was the thickest  

part, followed by the mid-body, then the anterior  
horn with statistically significant difference in both  
lateral and medial menisci. Similar conclusions were  
provided by Ashwini et al., [5] . On the other hand,  
the present finding differs from data collected by  

Almeida et al., [4]  who studied 44 menisci of 22  
knees of adult Brazilian male cadavers and found  

that the anterior 1/3 of the medial meniscus was the  

thickest part. Another contradictory result was pro-
vided by Rohila et al., [19]  who studied 100 lateral  
menisci of adult human male cadavers in Indian  
population and found that the thickest part of the  
lateral meniscus was the middle third. This difference  

may be explained by the fact that the three measuring  

points used by those authors do not coincide with the  

exact points used in the present study.  

In the present cadaveric study, the mean values  

of the width of anterior and middle thirds of medial  

meniscus were 8.92±0.67mm and 10.24± 1.59mm,  
respectively which are higher than those reported by  

Takroni et al., [18]  as 8.5±0.62mm for the anterior  
and 8.8±0.49mm for the middle third. On the other  

hand, the mean value of the width of the posterior  

horn reported by the later (14.8 ±0.7mm) was quite  
higher than that reported in the present study (11.20  

± 1.27mm).  

The mean values of the width of the different  
parts of the lateral meniscus in the present work were  
10.0±0.80mm for the anterior 1/3, 11.14 ± 1.32mm  
for the middle 1/3 and 11.16 ±0.81mm for the posterior  
1/3, which are lower than those reported by Takroni  
et al., [18]  as 11.5±0.43mm for the anterior 1/3, 11.62  

±0.53mm for the middle 1/3 and 11.67 ±0.24 mm for  
the posterior third.  

The present cadaveric study is in agreement  

with Rao et al., [17]  who concluded that the meas-
urements of width of anterior and middle 1/3 of  
lateral meniscus were much higher than those of  

medial meniscus which is statistically significant,  
while the posterior 1/3 of medial meniscus was  

wider than the lateral but it was statistically non-
significant.  

The present cadaveric study comes in accord-
ance with Almeida et al., [4] , Murlimanju et al.,  
[6] , Ashwini et al., [5]  and Takroni et al., [18]  who  
reported that the posterior horn of lateral and medial  

menisci are the widest part of the meniscus and  
the anterior horn is the narrowest. Murlimanju et  
al., [6]  suggested that the narrow meniscus is less  
prone to rupture than the wide one, the greater the  

width of the meniscus, the more the exposure to  

friction and compression. Rico and Ayala [20]  
pointed out that the anterior third of medial menisci  

are rarely injured.  

In the present cadaveric study, there was a  

statistically significant positive correlation between  

the length of the outer circumference, length of  
inner circumference and distance between anterior  

and posterior horn of the meniscus, both in medial  

and lateral menisci. Such correlation has not been  
addressed in any previous literature.  

Meniscus transplantation has gained much at-
tention and shown clinical applicability in recent  
years; appropriate sizing of the meniscal allograft  

is crucial in restoring the meniscal function. Un-
dersized grafts result in poor congruity with the  

femoral condyle and may experience an excessive  
lo ad, whereas oversized grafts are predisposed to  

extrusion, resulting in inadequate transmission of  

a compressive load across the knee [21] . The present  
radiological study estimated the mean thickness  
and width of different parts of both medial and  

lateral menisci using MRI; the most recent, accurate  
and less invasive methodology basically used in  

visualizing soft tissues [22] .  

The present study is the first to compare radio-
logical measurements of the medial menisci with  

the lateral in healthy adult knees in Egyptian pop-
ulation.  

The present radiological study showed that the  
mean of thickness of different parts of the medial  

meniscus was 5.57 ±0.65mm for anterior horn, 6.25  
±0.68mm for mid-body and 7.01 ±0.82mm for  
posterior horn which are quite similar to those of  

Dhananjaya et al., [23]  who examined eighty menisci  
from forty knee joints of Indian population using  
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MRI and reported it as 6.3 ± 1.1mm, 5.2±  1.3mm  
and 6.9± 1.1mm, respectively.  

The present radiological study showed that the  
mean of thickness of different parts of the medial  

meniscus was 5.57±0.65mm for anterior horn, 6.25  
±0.68mm for mid-body and 7.01 ±0.82mm for  
posterior horn which are quite similar to those of  

Dhananjaya et al., [23]  who examined eighty menisci  
from forty knee joints of Indian population using  

MRI and reported it as 6.3 ± 1.1mm, 5.2± 1.3mm  
and 6.9± 1.1mm, respectively.  

In the present study, the mean thickness of  
different parts of lateral meniscus was 5.23 ±  
0.68mm for anterior horn, 6.49 ±0.52mm for mid-
body and 6.92±0.72mm for posterior horn which  
are close to those of Dhananjaya et al., [23]  who  
reported it as 4.8 ±0.7mm, 6.4± 1.1mm and 7.0±0.9  
mm, respectively.  

Comparing the mean thickness of different  
corresponding parts of medial and lateral menisci,  
the present study found that the anterior horn of  

the medial meniscus was thicker than the lateral  

and it was statistically significant, while the mid-
body of the lateral meniscus was thicker than the  

medial and it was statistically significant. The  

values of posterior horn of medial meniscus were  

higher than the lateral but it was statistically non-
significant.  

In contrary to the present study, Erbagci et al.,  

[13] studied normal menisci in 174 healthy Turkish  
subjects by using MRI and reported that there was  

no significant difference between the thickness of  

the posterior horn and the mid-body between the  
two menisci. However, as reported in the present  

study the thickness of the anterior horn of the  

medial meniscus was statistically significantly  

higher than that of the lateral meniscus. On other  

hand, an MRI study conducted by Bloecker et al.  
[24]  on 122 knees in Columbian population reported  

that the thickness of anterior horn and the mid-
body of the lateral meniscus were higher than those  

of the medial meniscus but the opposite for the  
posterior horn. These contradictory results may be  

due to different software or plane used for meas-
urement.  

In the present MRI study, both medial and  

lateral menisci were found to be thickest at their  
posterior horn followed by the mid-body then the  
anterior horn. This comes in total agreement with  

Erbagci et al., [13]  and Bloecker et al., [24] .  

Dhananjaya et al., [23]  reported the same obser-
vation regarding the lateral meniscus but contra- 

dictory findings were claimed in the medial menis-
cus where the posterior horn was the thickest part  

followed by the anterior horn then the mid-body.  

This difference could be attributed to the small  
sample size studied by those authors.  

In the present MRI study, the mean width of  
the medial meniscus was 9.26 ±0.50mm for the  
anterior horn, 10.23 ±0.89mm for the mid-body  
and 13.54 ±0.74mm for the posterior horn which  
is much higher than findings recorded by Erbagci  

et al., [13]  who reported them as 7.78 ± 1.86mm,  
7.37±2.65mm and 11.71 ±2.63mm, respectively.  

In the present MRI study, the mean values of  

the width of anterior and posterior horn of the  

lateral menisci were 10.16 ±0.64mm and 11.40 ±  
0.61mm, respectively which are lower than those  
recorded by Dhananjaya et al., [23]  as 11.8± 1.4mm  
12.0±0.9mm, respectively. While the mean value  
of the width of the mid-body reported by the later  
(8.6± 1.2mm) is much lower than that recorded in  

the present study (11.21 ±0.67mm).  

The present MRI study comes in accordance  
with Erbagci et al., [13]  and Dhananjaya et al., [23]  
that the anterior horn and mid-body of the lateral  

meniscus were wider than the medial and it was  
statistically significant. Contrarily, the posterior  

horn of the medial meniscus was wider than that  

of the lateral and it was statistically significant.  

Comparing the width of the different parts of  

the meniscus of the same side, the present MRI  

study found that the posterior horn is the widest  
part of the meniscus followed by the mid-body  

then the anterior horn in both lateral and medial  
menisci and this was statistically significant. On  
the other hand, Erbagci et al., [13]  and Dhananjaya  
et al., [23]  found that the posterior horn was the  
widest followed by the anterior horn then the mid-
body. This discrepancy may be due to different  

planes used for measurement.  

In the present MRI study, the mean values of  

thickness and width of different parts of both  

menisci in males were slightly higher than those  
of females; however this sex difference was statis-
tically non-significant.  

In contrast, Erbagci et al., [13]  reported that the  
thickness and width of the posterior horn of the  
medial and lateral menisci in males were higher  
than females and these differences were statistically  

significant. Also, Bloecker et al., [24]  reported that  
meniscal width was larger in males than in females.  

This contradiction may be due to the relatively  

large sample size included in these studies com- 
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pared to the present study; 174 knees by the former  

and 122 kness by the latter authors.  

The present study reported a statistically sig-
nificant positive correlation between the anterior  

horn, mid-body and posterior horn of the meniscus  

of the same side regarding the thickness and the  

width. Such parameter has not been previously  

addressed.  
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