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Investigations were carried out on 43 serially sectioned human embryos of de-
velopmental stages 18 to 23.

The homogenous interzone of the future knee joint is observed in embryos
at stage 18. During stage 19 this interzone is differentiated into dense, inten-
sively stained, peripheral parts, which are the primordia of menisci and the me-
dial portion, in which the cruciate ligaments are formed. All structures of the
interior of the knee joint are more clearly delineated during stage 20, and they
are well developed during the last embryonic week (stages 21–23).
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INTRODUCTION
Increasing interest in the development of the cruci-
ate ligaments is due to their clinical importance for
stabilisation of the knee joint and for locomotion
[10,15]. Despite many studies on the development
of the knee joint [1–3,5,7,8] the development of the
cruciate ligaments and menisci is not well elucidat-
ed as yet. The cruciate ligaments are thought to be
derivatives of the homogenous articular interzone
[3,9] or the knee joint capsule [7]. Moreover, the exact
time of their appearance differs according to authors
[1,3,6,8,9]. The purpose of the present study is to
trace the early development of the cruciate ligaments
in staged human embryos in order to determine the
time of appearance and their position among intraar-
ticular structures.

MATERIAL AND METHODS
Investigations were carried out on 43 embryos at
developmental stages 18 to 23 (44–56 postovulato-
ry days). The embryos belong to the collection of
the Department of Anatomy, University School of
Medical Sciences in Poznań. The age of embryos was
estimated according to developmental stages [12].

Crown-rump length (C-R), plane of section, age in
postovulatory days, and developmental stage are
shown in Table 1. Serial sections of embryos in dif-
ferent planes were stained with routine histological
methods as well as according to Mallory staining.

RESULTS
In stage 18 the process of chondrification of the
bodies of femur and tibia begins. Clearly visible mes-
enchymal condyles of the femur are observed. Be-
tween the blastemal ends of femur and tibia the
homogenous interzone is found.

In stage 19 the condyles of the tibia and femur
are more advanced. The homogenous interzone be-
gins to differentiate. Cells of peripheral parts of the
interzone, which form primordium of menisci, are
densely packed, darkly stained and form a distinc-
tive layer. In the middle part of the interzone which
faces the intercondylar fossa of the femur the cells
are more loosely arranged in obliquely passing
strands, forming primordium of the cruciate liga-
ments (Fig. 1, 2). In stages 20 and 21 chondrifica-
tion of condyles of the femur and tibia begins. More-
over, in stage 21 the formation of joint cavity in the
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Table 1. Features of the specimens used

Embryo C-R length Developmental Age in days Plane of
[mm] stage section

B 122 14.5 18 44 frontal
Bł 4 15.0 18 44 transverse
A 6 15.5 18 44 transverse
Z 11 16.0 18 44 sagittal

B 66 16.5 19 46 transverse
A 1 17.0 19 46 transverse
Bł 5 17.0 19 46 transverse
Z 13 17.0 19 46 frontal
Bł 10 17.5 19 46 transverse
B 123 17.5 19 46 sagittal
Bł 9 17.5 19 46 transverse
X 19 17.5 19 46 sagittal

A 10 18.0 19 46 transverse
KA 2 18.5 19 46 transverse
KA 3 18.5 19 46 sagittal
PJK 1 19.0 19 46 sagittal
B 126 19.0 19 46 transverse
B 173 19.0 19 46 transverse

B 99 19.5 20 49 transverse
Bł 3 20.0 20 49 frontal
Bł 2 20.0 20 49 sagittal

PJK 27 18.0 20 49 transverse

B 124 19.5 20 49 sagittal

Z 19 20.0 20 49 transverse

B 76 20.0 20 49 transverse

B 178 20.0 20 49 sagittal

B 127 23.5 21 51 sagittal
B 170 22.5 21 51 transverse
A 4 23.5 21 51 frontal

PK 61 24.5 21 51 sagittal

A 13 26.0 22 52 frontal
Z 3 26.5 22 52 transverse
Z 2 26.5 22 52 transverse

B 223 26.5 22 52 sagittal
B III 27.0 22 52 sagittal

WR II 27.0 22 52 transverse
WR III 27.5 22 52 transverse

B 114 28.0 23 56 sagittal
B 187 27.0 23 56 sagittal
B 177 28.5 23 56 transverse
B 184 29.0 23 56 sagittal
A 3 29.0 23 56 transverse
A 5 30.0 23 56 sagittal

femoropatellar joint is observed. The cruciate liga-
ments as well as the menisci are clearly visible and
separated by a mass of loose connective tissue cells
of the interzone. The different direction of the ante-
rior cruciate ligament and the posterior cruciate lig-
ament is observed.

During stage 22 formation of intercondylar emi-
nence is found (Fig. 3). The articular cavity appears
in the middle and peripheral parts of the femorotib-
ial joint, both in the femoromeniscal and meniscotib-
ial compartments. In the middle part of the knee
joint the interzone is still present and the medial parts
of the developing menisci are continuous with cru-
ciate ligaments and interzone (Fig. 4).

At stage 23 ossification of shafts of the tibia and
femur begins. All intraarticular structures and the joint
cavity of the knee joint are present. The menisci resem-
ble the cellular zone which covers surfaces of condyles.
Cruciate ligaments form thick bands of longitudinally
directed connective tissue fibers (Fig. 5, 6). The blood
vessels are observed in the area of the cruciate liga-
ments and at the periphery of the menisci.

DISCUSSION
Mc Dermott [8] reported in 9 and 10 week foetus
a dense blastemal mass between the femur and tib-
ia. Palacios and Rhode [14] observed the cruciate
ligaments in 8 week embryo, and Hines [6] found
the ligaments as condensation of mesenchyme that
was located in the intercondylar space in embryos
20 mm long. Andersen [1] found condensation of
mesenchymal tissue in the site of future cruciate lig-
aments in embryos 23 mm long. Gray and Gardner
[4], Gardner and O’Rahilly [3], O’Rahilly [11] and
Merida — Velasco et al. [9] gave detailed descrip-
tions of the developing knee joint. According to
Gardner and O’Rahilly [3] and Merida — Velasco [9]
the cruciate ligaments appear in stage 20 and more
frequently in stage 21. They form the cellular con-
densation of homogenous interzone. In one case they
observed such primordia in stage 19. The present
study showed early appearance of the cruciate liga-
ments as well as the menisci in all investigated em-
bryos. Both structures appeared in stage 19 as con-
densations of blastemal cells in the homogenous
interzone.

In stages 22 and 23 Gardner and O’Rahilly [3]
and O’Rahilly [11] observed the cruciate ligaments
as distinct cellular condensation, with blood ves-
sels around them. This was confirmed in the present
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Figure 1. Interzone in the knee joint of embryo at stage 19. Frontal section, H&E. Fig. A x50. Fig. B x100.
A — anterior cruciate ligament, F — femur, Fi — fibula, I — interzone, L — lateral meniscus,
M — medial meniscus, T — tibia.

study. Andersen [1] observed blood vessels around
these ligaments in embryos 23 mm long.

The posterior meniscofemoral ligament was not
observed in my investigations. It was described in

10th week by Gray and Gardner [4] and Palacios and
Rhode [14], and in 12.5 weeks by McDermott [8].
Only Andersen [1] reported appearance of the Wris-
bergs ligament in 23 mm long embryos.

A

B
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Figure 3. The intercondylar eminence in embryo at stage 22. Sagittal section,
H&E, x100. A — anterior cruciate ligament, E — intercondylar eminence, F — femur, P — posterior cruci-
ate ligament, T — tibia.

Figure 2. Primordia of cruciate ligaments and menisci in stage 19. Frontal section, H&E, x200. A — anterior cruciate ligament,
F — femur, Fi — fibula, I — interzone, L — lateral meniscus, M — medial meniscus, T — tibia.
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Figure 4. Cruciate ligaments in embryo at stage 22. Sagittal section, H&E, x200.  A — anterior cruciate
ligament, E — intercondylar eminence, F — femur, P — posterior cruciate ligament, T — tibia.

Figure 5. The knee joint in embryo at stage 23. Sagittal section,
H&E, x100. M — medial meniscus. P — posterior cruciate liga-
ment, T — tibia, A — anterior cruciate ligament.

Figure 6. Posterior cruciate ligament in embryo at stage
23. Sagittal section, H&E, x200. P — posterior cruciate
ligament, F — medial condyle of femur, T — tibia.



290

Folia Morphol., 2000, Vol. 59, No. 4

REFERENCES
1. Andersen H (1961) Histochemical studies on the his-

togenesis of the knee joint and superior tibiofibular
joint in human fetuses. Acta Anat, 46: 279–303.

2. Bardeen CR (1907) Human Embryology, JB Lippincot,
Philadelphia.

3. Gardner E, O’Rahilly R (1968) The early development
of the knee joint in staged human embryos. J Anat,
102: 289–299.

4. Gray DJ, Gardner E (1950) Prenatal development of
the human knee and superior tibiofibular joints. Am J
Anat, 86: 235–287.

5. Haines RW (1947) The development of joints. J Anat,
81: 33–55.

6. Haines RW (1953) The early development of the fem-
oro-tibial and tibio-fibular joints. J Anat, 87: 192–
–206.

7. Keith A (1933) Human embryology and morphology,
5th ed. Wiliams Wood and Co., Baltimore.

8. McDermott LJ (1943) Development of the human knee
joint. Arch Surg, 46: 705–719.

9. Merida-Velasco JA, Sanchez-Montesinos I, Espin-Ferra
J, Merida-Velasco JR, Rodriguez-Vasquez JF, Jimenez-
Collado J (1997) Development of the human knee joint
ligaments. Anat Rec, 248: 259–268.

10. Odensten M, Gillquist J (1985) Functional anatomy of
the anterior cruciate ligament and a rationale for re-
construction. J Bone Jt Surg, 67A: 257–262.

11. O’Rahilly R (1951) The early prenatal development of
the human knee joint. J Anat, 85: 166–170.

12. O’Rahilly R, Muller F (1987) Developmental stages in
human embryos. Carnegie Institution of Washington,
No.637, Washington.

13. Oransky M, Canero G, Maiotti M (1989) Embryonic de-
velopment of the posterolateral structures of the knee.
Anat Rec, 225: 347–354.

14. Palacios J, Rhode M (1980) Embriologia de la rodilla.
In: IV Symposium Internacional de Traumatologia.
Guillen P (ed.) Fundacion Mapfre, Madrid, 1–25.

15. Strocchi R, De asquale V, Gubellini P, Facchini A, Mar-
cacci M, Buda R, Zaffagnini S, Ruggeri A (1992) The
human anterior cruciate ligament: histological and
ultrastructural observations. J Anat, 180: 515–519.


