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— Abstract —

The Early Development of The Human Knee Joint
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As the arthroscopic surgery of the knee joint has taken rapid strides recently, the knowledge of the
structure and development of the joint are getting needed more and more.

An embryological study about the development of the human knee joint was carried out using a
total of 23 knees of human embryos. Serial sections of 23 embryos aged 5-8 postovulatory weeks (12
-31 mm C.R.) and 3-dimensional reconstruction were examined. The embryos have been staged
according to Carnegie's “developmental stages'.

The femur, tibia and fibula had begun to undergo chondrification by stage 18. The patella had com-
menced chondrification at stages 23. As the mesenchymal model began to chondrify, concomitant
changes occurred in the region of the presumptive knee joint to create the interzone (stage 19-20).
The following structures became condensed successively : patellar tendon (18-19), lateral collateral
ligament and popliteus tendon (19-20), cruciate ligaments (20-22), meniscus (21-22).

In summary, the differentiation from a generalized cellular blastema to a joint resembling the adult
in form and arrangement occurred in only a relatively few days. By the end of the embryonic period
proper (stage 23, 8 postovulatory weeks), all the elements of the knee joint were present in a form
and arrangement closely resembling those of the adult. It seems that the embryological studies are
more required to clarify the structures having many variants such as synovial plica, meniscus, and the
development of the joint cavity through this study.
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Table 1. Embryos used in the present study

Carnegie's stage Estimated age in No.

postovulatory days

16 38 2
17 40 4
18 44 3
19 47 3
Z0 50 3
21 52 3
22 54 2
23 56 3
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Fig. 1. Femur(Fe) and tibia(Ti) begin
to chondrify. Stage 17(A:early,
B:late). H.-E. X 40.

Fig. 2. Three-dimensional recon-
structions. A:stage 18, B:stage
19, C:stage 20, D:stage 21,
E:stage 22, F:stage 23. White;
femur, tibia, Yellow; fibula,
both menisci, joint cavity,
Red; patella, posterior cruci-
ate ligament, Azure; Anterior
cruciate ligament, Green; both
collateral ligaments, Blue;
popliteus, Purple; quadriceps
femoris, patellar tendon.
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Tig. 3. The knee joint is representing by a mass of
blastemal cells between the chondrifying
femur(Fe) and tibia(Ti). The patella tendon(PT)
is identifiable. Stage 18. H.-E. X 100.
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Fig. 4. The blastema intervening between the femur(Fe)
and the tibia(Ti) is becoming recognizable as a
homogenous interzone(IZ). The patella(Pa) is
identified as a cellular condensation. Stage 19.
QF; quadriceps femoris, PT; patellar tendon. H.-
E. X 40.
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Fig. 6. The cruciate ligaments are
present as cellular, oriented
proliferations. A: Anterior
cruciate ligament(ACL) is
identified at femoral attach-
ment site. B:Posterior cruci-
ate ligament(PCL) is recog-
nizable along the whole
course. Stage 20. Fe; femur,
Ti; tibia. H.-E. X 100.




Fig. 7. Lateral meniscus(LM) is
identifiable as a triangular-
shaped cellular condensation
at periphery of the three-lay-
ered interzone. Stage 21. Fe;
femur, Ti; tibia. H.-E. X 100.
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Fig. 8. A.B:The knee joint resembles that of the adult. Fig. 9. A,B:Early joint cavities(*) are noted. Stage 23.
Both menisci(MM, LLM) are identifiable. Fe; femur, Ti; tibia. QF; Quadriceps
Stage 22. Fe; femur, Ti; tibia. ACL; anterior femoris. H.-E. X 100.
cruciate ligament, PCL; posterior cruciate

ligament. H.-E. X 100. .
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Fig. 11-A, B. The menisci( MM, LM ) are clearly
defined, and very cellular. Stage 23.
Fe; femur, Ti; tibia. Fi; fibula, Pop; popli-
teus, FCL; fibular collateral ligament. H. -
E. X 100.
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Fig. 10. The knee joint clearly
resembles the adult in form
and arrangement. Both cru-
ciate ligaments(ACL, PCL)
and tibial collateral liga-
ment(TCL)(Arrows) are
clearly identifiable. Stage
23. Fe; femur, Ti; tibia.
MM; medial meniscus. A:
H.-E. B: Trichrome X 100.
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