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Abstract 
The purpose of this study was to evaluate the topography of the saphenous nerve branches and of the popliteal neurovascular bundle of 
knee and to establish a low risk placement position of the posteromedial knee portal (PmKP). A slice anatomy study, by using plastinated 
transparent knee cross-sections was performed on 12 intact right male cadaver lower limbs. The measurements were performed at the 
level of the medial epicondyle (MEc), at the joint line level and at the level of the tibial attachment of the posterior cruciate ligament (PCL). 
The popliteal artery (PA) is predicted to be 8.66±2.17 mm dorsal and the sartorial branch of the saphenous nerve (SBSN) at 4.27±0.05 mm 
posterior to the joint capsule at the level of the MEc. At the joint level, the PA is 7.86±2.26 mm away from the PCL and the SBSN is 
predicted at 2.41±0.12 mm posterior to the joint capsule. At the level of the tibial attachment of the PCL, the PA to PCL the distance is 
5.93±3.61 mm and the SBSN is situated at 4.36±0.43 mm posterior to the joint capsule. Based on our anatomic data, a PmKP placed at 
the level of the MEc appears to be safe, effective, and reproducible. At the level of MEc, the PA is situated widely lateral to the MEc and 
the distance between the saphenous nerve branches and the articular capsule is greater than on the other levels. This study suggests that 
by placing the PmKP at the level of MEc, the risk of neurovascular injuries could be reduced. 

Keywords: knee, saphenous nerve branches, popliteal neurovascular bundle, thin plastinated slices, planimetric measurements, 
three-dimensional reconstruction. 

 Introduction 

The numbers of arthroscopies focused on the posterior 
aspects of the knee joint have aided in the development of 
progressive arthroscopic technology and the development 
of instruments. From total arthroscopic synovectomy, 
reparation or reconstruction of posterior cruciate ligament 
(PCL), to all-inside repair of the posterior horn of the 
medial meniscus, as well as the removal of debris, luxated 
tissue or tumors posterior to the PCL are all procedures, 
which involve the arthroscopic visualization of the posterior 
compartments of the knee [1–3]. Arthroscopy of the pos-
terior knee joint is technically laborious and complex, and 
a detailed knowledge of the regional anatomy is necessary [4]. 
Under these assumptions, accurate posterior knee arthro-
scopy can be safely performed to provide an extended field 
of view and an increase maneuverability of instruments [5]. 

The posteromedial knee portal (PmKP), which was 
described by Ahn & Ha [6] and Louisia et al. [7], was 
created with the knee in a flexed position and from this 
position the arthroscope is placed under the transcondylar 
notch allowed for visualization and advancement as far 
medially as possible [6, 7]. The soft spot is delimitated 
by the medial collateral ligament, the medial head of the 

gastrocnemius, and the semimembranosus tendon with an 
incision approximately 1 cm above the joint space. The 
saphenous nerve runs along with the long saphenous vein 
distally and should lay approximately 10 mm posterior to 
the portal [8, 9]. The posterior horn of the medial meniscus 
has been described as the greatest source of misdiagnosis in 
standard arthroscopy. The PmKP allows improved visua-
lization of the essential posterosuperior meniscosynovial 
junction. The neurovascular bundle and surrounding struc-
tures was investigated by anatomic dissection [8, 10–13], 
and magnetic resonance imaging or ultrasounds was 
performed [14]. Plastination produces transparent body 
slices with intact structures and transparent connective 
tissues, without producing any artifacts. This technique is 
unique because it offers the possibility to produce trans-
parent slices that can be easily processed morphometri-
cally [15–22]. 

The position of the popliteal neurovascular bundle was 
investigated without the manipulation of any structures, 
but by using the plastination method in order to find a safe 
zone to place the PmKP. This study therefore, investigates 
the position of the saphenous nerve, its branches, and 
the popliteal artery and the relationship to each other, in 
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order to define the proper position for the PmKP. Our 
hypothesis tests if the placement of the PmKP should be 
done at the level of the medial epicondyle, to minimize 
injury to the neurovascular structures at this level. 

 Materials and Methods 

Twelve intact right male cadaver lower limbs were 
used. Given that arthroscopic knee maneuvers practiced 
more frequently in males, for this study twelve male lower 
limbs without knee osteoarticular pathology were selected. 
The cadaver age range was between 68 and 81 years, 
with a mean of 74.2 years. All specimens were frozen at 
-800C and then cut using a band saw, into slices with an 
average thickness of 1.5 mm, starting at 4 cm distal to the 
tibial tuberosity and finishing 5 cm proximal to the joint 
line. The original size of the frozen slices was recorded 
by scanning their caudal aspect via an EPSON GT-10000+ 
Color Image Scanner. Each slice was measured by four 
marked positions to determine the average thickness: 3 mm 
from the anterior, posterior, right and left borders of the 

slices. The slices were stored at -250C overnight, then 
dehydrated in cold (-250C) acetone series, and degreased 
with methylene chloride for one week. Impregnation was 
performed at +50C using E12 epoxy resin (Biodur E12). 
The slices were then placed between two sheets of tempered 
glass. Finally, the caudal surfaces of the plastinated slices 
were scanned at 300 dpi into a computer using an EPSON 
GT-10000+ Color Image Scanner. In every scan, a ruler 
was used as a calibration marker for planimetric measu-
rements. By comparing the area data for the fresh and 
plastinated slices, the shrinkage rate could be determined 
for each slice, which was considered in calculations. For 
measurements, the UTHSCSA ImageTool (IT) ver. 3.0 
for Windows software (The University of Texas Health 
Science Center in San Antonio) was also used. Each 
measurement was done three times and an average value 
was calculated. The overall measurements of the neuro-
vascular structures were taken from the averages (Figure 1) 
and the statistics were performed using the SPSS 13.0 
for Windows software. 

 

Figure 1 – Diagram indicating the sites at which the listed 
measurements were taken at the tip of the medial epicondyle. 
1: Distance between the medial epicondyle and capsule (EP–C);
2: Distance between the capsule and popliteal artery (C–A); 
3: Distance between the capsule and popliteal vein (C–V); 
4: Distance between the capsule and ventral side of the tibial 
nerve (C–Nv); 5: Distance between the capsule and dorsal side
of the tibial nerve (C–Nd); 6: Distance between the medial 
epicondyle and popliteal artery (EP–A); 7: Distance between 
the medial epicondyle and popliteal vein (EP–V); 8: Distance 
between the medial epicondyle and tibial nerve (EP–N); 
9: Distance between the medial epicondyle and the sartorial 
branch of the saphenous nerve (EP–SBNS); 10: Distance 
between the joint capsule and the sartorial branch of the 
saphenous nerve (C–SBNS); 11: Distance between the sartorial
and the infrapatellar branch of the saphenous nerve (SBNS–
IPNS). 

 

After plastination, the knee with the neurovascular 
bundle was three-dimensionally reconstructed. Although 
the scanned images could have been used directly for 
computer modeling, manual tracing was included, so that 
alignment could by more closely controlled. Scanned 
images of the tissue slices were printed and manually 
traced; alignment guides were transferred to each tracing. 
Once scanned, these images (jpeg format) were loaded 
into WinSURF (SURFdriver 4.0; http://www.surfdriver. 
com) and traced from the monitor (according with the 
technique described by Lozanoff [23] and Moody & 
Lozanoff [24]). Once all contours were traced, the knee 
was reconstructed and visualized. 

 Results 

The thin 1.5 mm slices produced were transparent and 
hard with good optical qualities. The finished E12 slices 
provided excellent anatomic detail down to the micro-
scopic level (Figures 2–4). The measured sites onto the 
transparent plastinated slices are shown in Figure 1 and 
were performed at the level of the medial epicondyle, at 

the joint line level and at the level of the tibial attachment 
of the PCL. Data of the planimetric measurements obtained 
through knee plastination are shown in Tables 1–3. The 
shrinkage rate of the slices was calculated having a 
range from 2.95 to 4.30% and the measured values were 
adjusted accordingly. 

The anatomical structures of the knee were easily 
identified and the borders were traced rapidly and reliably. 
The plastinated slices distinctively displayed the nerves, 
muscles, vessels, and bones of the ankle. The 3D knee 
model generated displays a morphology that corresponds 
qualitatively to the actual cadaver specimen (Figures 5 
and 6). 

As the most profound structure of the neurovascular 
bundle, the artery is situated based on our measurements, 
at a mean distance of 8.66 mm to the articular capsule at 
the medial epicondyle level. In the distal part of the 
popliteal fossa, at the level of the insertion of the PCL, 
the artery runs 3.69 mm away from the articular capsule. 
The popliteal vein ascends from the level of the tibial 
attachment of the PCL, where it is situated at 5.90 mm 
from the articular capsule to the proximal part of the 
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popliteal fossa, running at a distance of 13.99 mm from 
the articular capsule, at the level of the medial epicondyle. 
The tibial nerve descends in the popliteal fossa, being 
situated at the level of the medial epicondyle at 17.72 mm 
away from the articular capsule. At the level of the tibial 
attachment of the PCL, the tibial nerve is situated at a 

distance of 9.34 mm from the articular capsule. The 
sartorial branch of the saphenous nerve runs posterior to 
the infrapatellar branch and descends on the lateral side 
of the sartorius. The infrapatellar branch runs distally to 
supply the anteromedial aspect of the knee. 
 

 

 
Figure 2 – A plastinated cross-section of the level of the medial epicondyle, with a thickness of 1.5 mm. The vascular 
pattern was injected with an E12/E1 mixture and scanned at a resolution of 300 dpi. (a) Cross-section (1.5 mm) at the 
level of the medial epicondyle. Reconstruction markers (black) and the injection of the vascular pattern are evident. 
(b) Detail showing the branches of the saphenous nerve (SBNS and IPNS). A: Popliteal artery; B: Biceps femoris 
muscle; C: Joint capsule; F: Femur; Gm: Medial gastrocnemius; IPNS: Infrapatellar branch of the saphenous nerve; 
Nf: Fibular nerve; Nt: Tibial nerve; Pv: Popliteal vein; S: Sartorius; SBNS: Sartorial branch of the saphenous nerve; 
Sm: Semimembranous muscle. 

 

 
Figure 3 – Cross-section at the level of the joint line, 
showing the intercondylar eminence of the tibia and the 
lower part of the femoral condyles. A: Popliteal artery; 
B: Biceps femoris muscle; Ei: Intercondylar eminence; 
Fl: Lateral condyle; Fm: Medial condyle; G: Gracilis; 
Gl: Lateral gastrocnemius; Gm: Medial gastrocnemius; 
IPNS: Infrapatellar branch of the saphenous nerve; Nf: 
Fibular nerve; Nt: Tibial nerve; S: Sartorius; SBNS: 
Sartorial branch of the saphenous nerve; Sm: Semi-
membranous muscle; St: Semitendinosus muscle. 

Figure 4 – Cross-section at the level of the tibial attach-
ment of the posterior cruciate ligament. A: Popliteal artery; 
B: Biceps femoris muscle; C: Capsule; G: Gracilis; Gl: 
Lateral gastrocnemius; Gm: Medial gastrocnemius; IPNS: 
Infrapatellar branch of the saphenous nerve; LCF: Fibular 
collateral ligament; Nf: Fibular nerve; Nt: Tibial nerve; 
P: Popliteus; PCL: Posterior cruciate ligament; Pl: Patellar 
ligament; Pv: Popliteal vein; S: Sartorius; SBNS: Sartorial 
branch of the saphenous nerve; Sm: Semimembranous 
muscle; St: Semitendinosus muscle; T: Tibia. 
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Table 1 – Anatomic measurements of the distances at the level of medial epicondyle 

Distance between anatomical structures Abbreviations Range [mm] Mean±SD 

Distance between the medial epicondyle to the joint capsule EP–C 11.29–23.18 16.35±4.57 

Distance between the joint capsule and popliteal artery C–A 6.41–11.12 8.66±2.17 

Distance between the joint capsule and the popliteal vein C–V 9.52–20.40 13.99±4.50 
Distance between the joint capsule and the ventral side of the 
tibial nerve 

C–Nv 12.47–22.92 17.72±4.71 

Distance between the joint capsule and the dorsal side of the 
tibial nerve 

C–Nd 17.87–25.96 22.18±3.42 

Distance between the medial epicondyle and the popliteal artery EP–A 42.31–49.73 45.58±3.27 

Distance between the medial epicondyle and the popliteal vein EP–V 46.02–53.52 49.17±2.95 

Distance between the medial epicondyle and the tibial nerve EP–N 51.16–55.20 54.00±1.67 
Distance between the medial epicondyle and the sartorial branch 
of the saphenous nerve 

EP–SBNS 12.38–9.42 10.39±0.21 

Distance between the joint capsule and the sartorial branch of the 
saphenous nerve 

C–SBNS 5.52–3.21 4.27±0.05 

Distance between the sartorial and the infrapatellar branch of the 
saphenous nerve 

SBNS–IPNS 3.43–1.00 1.62±0.18 

Table 2 – Anatomic measurements of the distances at the joint line level 

Distance between anatomical structures Abbreviations Range [mm] Mean±SD 

Distance between the joint capsule and popliteal artery C–A 1.69–4.89 2.84±1.20 

Distance between the joint capsule and the popliteal vein C–V 5.98–8.85 7.39±1.31 
Distance between the joint capsule and the ventral side of the 
tibial nerve 

C–Nv 7.25–11.81 9.34±1.92 

Distance between the joint capsule and the dorsal side of the 
tibial nerve 

C–Nd 11.46–16.18 13.82±2.03 

Distance between the posterior cruciate ligament and the 
popliteal artery 

PCL–A 9.39–6.22 7.86±2.26 

Distance between the joint capsule and the sartorial branch of the 
saphenous nerve 

C–SBNS 3.01–1.64 2.41±0.12 

Distance between the sartorial and the infrapatellar branch of the 
saphenous nerve 

SBNS–IPNS 4.26–2.87 3.71±0.48 

Distance between the sartorial branch and the popliteal artery SBNS–A 39.76–34.54 37.57±1.45 

Table 3 – Measurements of distances at the level of the tibial attachment of the posterior cruciate ligament (PCL) 

Distance between anatomical structures Abbreviations Range [mm] Mean±SD 

Distance between the joint capsule and popliteal artery C–A 1.18–9.36 3.69±3.30 

Distance between the joint capsule and the popliteal vein C–V 2.44–11.13 5.90±3.18 
Distance between the joint capsule and the ventral side of the 
tibial nerve 

C–Nv 3.21–13.99 9.34±4.23 

Distance between the joint capsule and the dorsal side of the 
tibial nerve 

C–Nd 6.15–19.89 13.18±5.21 

Distance between the posterior cruciate ligament and the 
popliteal artery 

PCL–A 7.36–3.88 5.91±3.61 

Distance between the joint capsule and the sartorial branch of the 
saphenous nerve 

C–SBNS 5.22–3.12 4.16±0.43 

Distance between the sartorial and the infrapatellar branch of the 
saphenous nerve 

SBNS–IPNS 9.26–6.77 8.44±0.55 

Distance between the sartorial branch and the popliteal artery SBNS–A 41.26–36.23 37.10±1.87 
 

Figure 5 – Three-dimensional reconstruction of
the knee, displaying the topographical relation-
ship of the anatomical structures. Medial view
with the Sartorius and the joint capsule removed.
A: Popliteal artery; ACL: Anterior cruciate 
ligament; Ad: Great adductor; F: Femur; 
G: Gracilis; Gl: Lateral gastrocnemius; Gm:
Medial gastrocnemius; IPNS: Infrapatellar 
branch of the saphenous nerve; Mm: Medial 
meniscus; Ns: Saphenous nerve; Pl: Patellar 
ligament; SBNS: Sartorial branch of the saphe-
nous nerve; Sm: Semimembranous muscle; St:
Semitendinosus muscle; V: Popliteal vein. 
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Figure 6 – Three-dimensional reconstruction of the 
knee joint. The plastinated slices, with a thickness of 
1.5 mm, were scanned at a ratio 1:1. Proximal view 
with the femur and the patella removed. A: Popliteal 
artery; ACL: Anterior cruciate ligament; B: Biceps 
femoris muscle; Gm: Medial gastrocnemius; IPNS: 
Infrapatellar branch of the saphenous nerve; LFM: 
Meniscofemoral ligament; Mm: Medial meniscus; Ns: 
Saphenous nerve; PCL: Posterior cruciate ligament; 
S: Sartorius; SBNS: Sartorial branch of the saphenous 
nerve; Sm: Semimembranous muscle; St: Semitendi-
nosus muscle; V: Popliteal vein; T: Tibia. 

The reconstructed images were of high quality, 
especially the spatial positions and complicated adjacent 
relationships of various ankle structures shown in direct 
viewing as displayed in the background of the bony 
substance. 

 Discussion 

Arthroscopic viewing of the posterior aspects of the 
knee joint has increased the course of progressive arthro-
scopic technology and the development of instruments. 
Arthroscopy of the posterior knee joint is technically 
laborious and complex and therefore detailed knowledge 
of the regional anatomy is necessary. 

Generally speaking, the knee joint arthroscopy is an 
uncomplicated intervention that can result in several com-
plications. The total complication ratio of neurovascular 
injuries during knee arthroscopy is located between 0.01 
to 0.08% [25, 26]. Injuries of the saphenous nerve develop 
in 7 to 22% [8, 27] of the patients after reconstruction of 
the medial meniscus. Vascular lesions during surgery, such 
as direct perforation or laceration, constitute only 1% of 
total neurovascular complications [26]. Acute injury of 
the popliteal artery is an extremely rare complication, 
but a serious and possibly fatal one, and ranges from 
pseudoaneurysm, acute occlusion, to the point of direct 

lacerations. There are several reports of popliteal injuries 
during surgery on the posterior horn of the lateral meniscus 
[28, 29], arthroscopic reconstructions of the PCL [30–32], 
and synovectomy in the posterior compartment [33]. 
Therefore, an adequate knowledge of topographical ana-
tomy is absolutely essential to avoid these severe compli-
cations during accomplishing posterior arthroscopy of the 
knee joint. 

In a magnetic resonance imaging study of cadavers, 
Smith et al. [34] found that two of nine healthy volunteers 
had anterior displacement of the popliteal vessels with 
knee flexion. Knee flexion does not always guarantee 
posterior displacement of the popliteal artery. By using 
the plastination method, morphological measurements 
can be performed easily and accurately [17, 19] since 
tissues are maintained in a non-collapsed and non-
dislocated state. By slicing the knee in 1.5 mm sections, 
exact information about the neurovascular bundle and 
the saphenous nerve are obtained more accurately than 
by the careful dissection of this structure. The saphenous 
nerve, as a branch of the femoral nerve, passes medial to 
the femoral artery and enters the adductor canal. After 
passing the adductor canal, the saphenous nerve divides 
into two branches: the sartorial branch and the infrapatellar 
branch. The sartorial branch runs posterior to the infra-
patellar branch and descends on the lateral side of the 
sartorius. The infrapatellar branch runs distally to supply 
the anteromedial aspect of the knee. Due to our measure-
ments, the popliteal artery, as the most ventral structure 
of the neurovasculare bundle, is predicted to be at 8.66± 
2.17 mm dorsal to the joint capsule at the level of the 
medial epicondyle. At this level, the neurovascular bundle 
was situated 45.58±3.27 mm lateral to the medial epicondyle 
with the popliteal artery being the nearest structure. The 
sartorial branch of the saphenous nerve (SBNS) was 
situated at this level 10.39±0.21 mm lateral to the medial 
epicondyle and 4.27±0.05 mm dorsal to the joint capsule. 
The infrapatellar branch runs 1.62±0.18 mm anteromedial 
to the sartorial branch. At the joint line level, the PCL to 
popliteal artery distance was 7.86±2.26 mm. This data  
is similar with that presented by Matava et al. [35] and 
Ahn & Ha [6], with the knee being at 00, but differs from 
Pace & Wahl [5] because a capsulotomy was performed 
and therefore the distance is greater. At the same level, 
the sartorial branch of the saphenous nerve runs on the 
lateral side of the sartorius and was located at 2.41± 
0.12 mm posterior to the joint capsule. The infrapatellar 
branch runs at 3.71±0.48 mm anteromedial to the sartorial 
branch. The popliteal neurovascular bundle lays lateral 
to the sartorial branch at a distance of 37.57±1.45 mm. 
At the level of the tibial attachment of the PCL to the 
popliteal artery, the distance is 5.91±3.61 mm, and the 
sartorial branch is situated at 4.36±0.43 mm posterior to 
the joint capsule. The infrapatellar branch was situated at 
8.44±0.55 mm in front and medial to the saphenous nerve. 
Between the saphenous nerve and the neurovascular bundle, 
the distance is 37.10±1.87 mm. The saphenous nerve was 
never found to run anterior to the sartorius at any of the 
described levels, which coincides with the findings of 
Dunaway et al. [8]. Usually, the posteromedial knee portal 
is placed in a soft spot between the medial collateral 
ligament, the medial head of the gastrocnemius, and the 
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tendon of the semimembranosus at the joint line [6, 7]. 
Based on our anatomic data, a portal made at the level 
of the medial epicondyle appears to be safer than a 
posteromedial knee portal placed more distally. At this 
level, the popliteal artery is predicted to be at 45 mm 
lateral to the medial epicondyle and the saphenous nerve 
is more dorsal to the articular capsule than at other levels 
of the knee. Therefore, a portal placement here would 
be advantageous and safer. Between the SBNS and the 
popliteal neurovascular bundle, there will be at least a 
30 mm area, localized laterally to the sartorial branch of 
the saphenous nerve, where the incision and placement of 
a posteromedial knee portal could be performed risk-free. 

An additional possibility at viewing the medial neuro-
vascular course is the 3D reconstruction of the knee by 
using the plastinated slices (Figures 5 and 6). Once recons-
tructed, the measuring tool available in the reconstruction 
software was used to record measurements from the model. 
Quantitative measurements showed that the overall mor-
phology was retained. The capability of reconstructing 
individual and combined images of knee structures, viewing 
them from all surgical angles, and allowing for accurate 
measurement of their spatial relationships, provides an 
important and useful research tool. The reconstructed model 
can also be used for residency education, planning an 
unusual surgery, and for the development of new surgical 
approaches. The slice anatomy study performed has no 
distortion and movement of anatomic structures, thereby 
making this method a valuable tool in the evaluation of 
anatomical relationships. 

The main limitation of this study is the small number 
of the cadavers that reduces the possibility of a more 
detailed and thorough description. The prognostic impact 
of a condition, such as the neurovascular knee pattern, is 
sometimes difficult to study with an experimental design 
because of artifacts due to the different shrinkage behavior 
of tissues such as lipid, muscular, or connective tissue. 

 Conclusions 

Based on our anatomic data, a posteromedial knee 
portal placed at the level of the medial epicondyle seems 
to be safe, effective, and reproducible. At the level of the 
medial epicondyle, the popliteal artery is situated widely 
laterally to the medial epicondyle, and the distance between 
the saphenous nerve branches and the articular capsule is 
greater than on the other levels. 
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