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Ultrasound Anatomic Demonstration of the
Infrapatellar Nerve Branches
Georg Riegler, M.D., Suren Jengojan, M.D., Johannes A. Mayer, M.D.,
Christopher Pivec, M.D., Hannes Platzgummer, M.D., Peter C. Brugger, M.D., Ph.D.,

Oskar Aszmann, M.D., and Gerd Bodner, M.D.
Purpose: To (1) confirm the correct identification of the infrapatellar branches of the saphenous nerve (IPBSNs) by
high-resolution ultrasound (HRUS) with ink marking and consecutive dissection in anatomic specimens; (2) evaluate the
origin, course, and end-branch distribution in healthy volunteers; and (3) visualize the variable anatomic course of the
IPBSN by HRUS. Methods: HRUS with high-frequency probes (15-22 MHz) was used to locate the IPBSN in 14 fresh
anatomic specimens at 4 different locations. The correct identification of the IPBSN was verified by ink marking and
consecutive dissection. Moreover, the IPBSNs were located in both knees of 20 healthy volunteers (n ¼ 40). Their courses
were marked on the volunteers’ skin in a flexed-knee position. Distances were measured from the IPBSN branch closest to
the median of the patella base (D1), center (D2), and apex (D3) and in a 45� (D4) and 0� (D5) relation to the median
patella apex. Standardized photographs of all knees were mapped on 1 typically shaped knee. Results: Dissection
confirmed the correct identification of the IPBSN in 86% to 100% of branches, depending on their location. Intra-
individual differences for distance measurements were observed for D1 (P < .001) and D2 (P ¼ .002). The coefficient of
variation was highest for D5 (0.86) and lowest for D1 (0.14). Mapping of the nerve branches on a typical knee showed a
highly variable course for the IPBSN. Conclusions: This study confirmed the reliable ability to visualize the IPBSN and its
variations with HRUS in anatomic specimens and in healthy volunteers; such visualization may therefore enhance the
diagnostic and therapeutic management of patients with anteromedial knee pain. Clinical Relevance: Ultrasound
successfully pinpoints the variable course of the IPBSN from the origin to the most distal point and, therefore, may enable
the correct identification of (iatrogenic) nerve damage in every location.
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the knee and to medial knee joint structures.1,2 These
nerves (Fig 1) show a high variability with regard to
their (1) origin from the saphenous or femoral nerve3;
(2) course through the adductor canal4; (3) relation to
the sartorius muscle1,3; and (4) branching and distri-
bution at the infrapatellar, anteromedial side of the
knee.5,6

The main clinical relevance of these branches is their
susceptibility to iatrogenic injury, with clinical symp-
toms occurring in 10% to 100% of patients after total
knee arthroplasty,7,8 surgical meniscectomy,9 arthros-
copy and anterior cruciate ligament reconstruction, and
tibial nailing.10-12 Trauma to13 or entrapment of the
IPBSN14 is reported less often. Clinical symptoms after
IPBSN damage may vary from mild symptoms, such as
irritating paresthesia or hypesthesia, to severe pain,15,16

and a relation between damage to the branch and reflex
sympathetic dystrophy has also been described.17,18

Recent studies have shown that patient comfort after
tibial nailing8 or arthroplasty19 is inversely correlated
with the presence of IPBSN injury. Moreover, dener-
vation for persistent neuroma pain of the IPBSN
Surgery, Vol -, No - (Month), 2018: pp 1-10 1
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Fig 1. Illustration of course of infrapatellar branch of saphe-
nous nerve in a right knee. The possible relation of the branch
to the sartorius muscle is shown in the distal-most transverse
image.
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significantly improved patients’ visual analog pain
scores.20 Hence, in vivo evaluation of the IPBSN, as well
as its variability and pathology, is desirable to reduce
potential iatrogenic injury to the branch or improve
operative planning and, therefore, the management of
patients with IPBSN neuropathy. To date, 3 studies are
available that have documented the course of the
IPBSN.21-23 However, these studies did not take into
account the high variability and topographic signifi-
cance of these branches to various surgical in-
terventions around the knee. In addition, there were no
detailed measurements or visualizations of nerve vari-
ability or imitation of intraoperative settings. Because
high-resolution ultrasound (HRUS), using probes of
high frequency, offers excellent tissue differentiation
for the examination of superficial structures, an accu-
rate depiction of the IPBSN over the entire course
seems possible.
This study aimed to (1) confirm the correct identifi-

cation of the IPBSN by HRUS with ink marking and
consecutive dissection in anatomic specimens; (2)
evaluate the origin, course, and end-branch distribution
in healthy volunteers; and (3) visualize the variable
anatomic course of the IPBSN by HRUS. We hypothe-
sized that, using this technique, an evaluation of the
variable course of the IPBSN would be possible over the
entire track.

Methods

Study Approval
This was a single-center, prospective study. The study

was approved by the local institutional review board of
the Medical University of Vienna (project No. 1377/
2016) and was conducted between July 2016 and July
2017. The study was performed in accordance with the
World Medical Association Declaration of Helsinki.

Ultrasound in Anatomic Specimens
In 14 limbs of 7 randomly selected fresh anatomic

specimens, in the legal custody of the Department of
Systematic Anatomy, Medical University of Vienna,
HRUS was performed as described. After the IPBSN was
located, a small amount of blue dye mixed with glue
(0.1 mL) was injected into the nerve or adjacent to the
nerve under HRUS guidance (22-gauge needle, in-
plane technique) at 4 different locations: at its origin
from the saphenous nerve (R1), at the fat pad superfi-
cial to the sartorius muscle (R2), at the tibiofemoral
joint line (R3), and in the infrapatellar region (at least 1
branch) (R4). Subsequent anatomic dissection was
performed to confirm the exact location of the dye in-
jection. The plastic surgeon (J.A.M.) and anatomist
(P.C.B.) who performed the dissections determined the
exact location of the ink application. Correct dye in-
jection was noted if at least some amount of the dye
was injected into the nerve sheath at all 4 distinct
locations. In all specimens, distribution of the injected
ink was documented by photography.

Ultrasound in Healthy Volunteers

Volunteers. Twenty healthy volunteers were recruited
through notices at the Department of Biomedical Im-
aging and Image-guided Therapy and word-of-mouth
acquisition. Written informed consent was obtained
from all volunteers. The inclusion criterion was age
older than 18 years, and the exclusion criteria were
any known polyneuropathy, myopathy, chronic
disease that caused peripheral neuropathy, current or
previous knee pain, and previous knee surgery. The
age, size, weight, and body mass index (BMI) of all
volunteers were assessed or calculated before the
examination using a scale and measuring tape.

Ultrasound. The IPBSN and its branches were assessed
on both sides (n ¼ 40). The examination began with
healthy volunteers lying in a supine position with the
knees extended as described earlier. First, the IPBSN
and its branches were assessed over the entire course.
After identification, the visibility of the IPBSN was rated
using a 5-point scale as follows: excellent (i.e., sharply
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defined border and visible internal nerve structure with
excellent diagnostic quality) (5); good (i.e., good
diagnostic quality, clearly distinguishable from
surrounding tissue, with internal nerve structure
visible) (4); moderate (i.e., identifiable but no sharp
border with surrounding tissue and no internal nerve
structure visible) (3); poor (i.e., identified with
difficulty and identification only possible if adjacent
IPBSN sections were followed) (2); or not visible (1).
Before scoring, 5 figures of peripheral cutaneous
nerves were obtained by the raters, which showed
examples of ratings from “excellent” to “not visible.”
These examples were used to match the findings and
obtain the visibility score. The visibility of the IPBSN
was rated at the same 4 distinct anatomic regions
used for dye injection. Moreover, the relation of the
IPBSN to the sartorius muscle during its course was
assessed. Either the IPBSN was located anterior or
posterior to the sartorius muscle or it pierced the
muscle (penetrating type). The number of branches
was determined.

Measurements. For further evaluations, all knees were
flexed into a 90� angle (confirmed with a goniometer),
simulating the intraoperative position for most ante-
romedial knee surgical procedures. Then, the courses of
the nerve and its branches were marked with a wash-
able surgical skin marking pen on the volunteers’ skin.
For this reason, the branch was positioned exactly in
the middle of the ultrasound image, as indicated by a
small, yellow arrowhead at the upper border of the
ultrasound image. The branch was then marked
perpendicular to the outer marking of the ultrasound
probe, which indicated the center of the probe. The
branch was marked every 2 to 3 cm, and the lines were
connected.
Osseous and non-osseous landmarks were placed as a

reference for measurements and calculations. Different
distance measurements from the reference points of the
patella were obtained. When the nerve split into 2 or
more branches, the branch closest to the reference
point was used to calculate intraindividual differences
(differences between right and left sides) and differ-
ences between sexes. The measurements were per-
formed using a measuring tape. The distance between
the marked line on the skin and the reference points
was measured along the circumference of the limb.

Ultrasound Technique
Examinations were performed using a GE LOGIQ E9

and GE LOGIQ e ultrasound platform (GE Healthcare,
Wauwatosa, WI) with high-frequency probes (GE ML
6-15-D, GE L8-18i-D, and GE L10-22-RS). Two radi-
ologists carried out all examinations: One had more
than 20 years’ experience (G.B.) whereas the other had
4 years’ experience (G.R.) in peripheral nerve imaging.
Both radiologists were present during the recruitment
of the individuals. G.B. performed all interventions on
all anatomic specimens while G.R. watched the pro-
cedures. G.R. collected all images and performed mea-
surements on healthy individuals while G.B. watched
the procedures.
The examination followed a standardized assessment

protocol. All participants were examined in the supine
position, with the knees extended. The ultrasound
examination started with the transverse view of the
sartorius muscle and vastus medialis muscle approxi-
mately 10 to 15 cm above the knee joint line. The
sartorius muscle was then carefully screened distally
until a tubular structure that pierced the fascia lata
overlying the sartorius muscle was reached, and the
nerve lying in a fat pad was assumed to be the IPBSN.
The morphology and course of the IPBSN and its relation
to the surrounding structures were then analyzed in real
time during imaging. To correctly assign the IPBSN to
the origin from the saphenous nerve, the former was
followed proximally until its origin. Then, the IPBSN was
traced distally, crossing the medial tibiofemoral joint line
until the branch subdivided into the terminal branches.
If detectable, all branches were followed until their most
distally visible part was reached.
To obtain a better overview of the area, the exami-

nation always started with the GE ML 6-15-D probe.
After the IPBSN was identified and its origin assessed,
the transducer was changed in most cases, and a GE L8-
18i-D or GE L10-22-RS probe was used to improve the
delineation of the branch at its superficial course
around the anteromedial knee side. At its origin, a
careful evaluation of depth (approximately 3-12 cm,
depending on the thigh thickness of humans) and
angulation of the transducer to avoid anisotropy (the
nerve runs obliquely from a superficial to a deep course
to reach the origin) must be performed to ensure that
the nerve is in full view and not distorted on the image.

Ultrasound-Guided Anatomy Mapping
To visualize and evaluate the variable anatomy of the

IPBSN, we relied on the anatomy mapping tool com-
puter assisted surgical anatomy mapping, previously
described by Kerver et al.5 First, we photographed the
anterior and medial sides of all knees with an iPhone SE
camera (Apple, Cupertino, CA) using a standardized
assessment protocol. All healthy volunteers were posi-
tioned in 90� of knee flexion (confirmed with a goni-
ometer) at the height-adjustable edge of the bed. For
anterior knee views, the camera was positioned 35 cm
in front of the knee at a height of 35 cm with a 90�

angle from the floor. The apexetuberosity line was
used as the midline for photographs. The bed and
camera positions were maintained during each of the
measurements on the volunteers, as indicated by
marked crosses on the floor, but with only slight



Fig 2. (A) Ultrasound probe positioning for evaluation of the
infrapatellar branch of the saphenous nerve (IPBSN) at 4
different anatomic locations in a left knee: (1) at the origin
from the saphenous nerve, (2) at the fat pad superficial to the
sartorius muscle, (3) at the tibiofemoral joint line, and (4) in
the infrapatellar region. The red dotted line indicates the track
of the probe for the full IPBSN examination. To obtain
transverse views of the IPBSN, the probe orientation must be
perpendicular to the dotted line. (B) Example of a finding in a
dissection after high-resolution ultrasoundeguided intra-
neural ink marking of the IPBSN (blue dye) in a left knee. The
saphenous nerve is marked with black dye.
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adaptations of the camera position if the volunteer’s
knee was not exactly 35 cm in front of the camera. For
medial knee views, the same camera-position distances
were used, and these were also marked with crosses on
the floor. The anterior margin of the medial femoral
plateau, crossing the medial tibial plateau, was used as
the midline for photographs. Special attention was paid
to maintain a neutral position between internal and
external knee rotation in all volunteers.
Second, we used Adobe Photoshop CS6 image-

processing software (Adobe Systems, San Jose, CA) to
define the shape and size of each leg using 3 osseous
landmarks: (1) the patella apex, (2) the anterior margin
of the medial femoral plateau crossing the medial tibial
plateau, and (3) the center between the medial tibial
plateau and the medial malleolus. This was followed by
a calculation of the average shape and size of all legs.
Thereafter, all legs in all pictures were reshaped to
exactly match the shape and size of the created and
calculated average leg. As a result, all the legs in all the
pictures had the exact same shape and size, and the
anatomy of the IPBSN in all specimens could be map-
ped and visualized in 1 average-shaped knee.

Statistical Analysis
Using IBM SPSS Statistics for Windows (version

22.0.0.2; IBM, Armonk, NY), our statistician performed
all statistical computations. Metric data, such as dis-
tance, age, size, weight, and BMI, are presented as
mean (� standard deviation) and range (minimum to
maximum). For the nerve visibility score, the median,
minimum, and maximum were used. To compare
differences between distance measurements of the left
and right IPBSN in healthy volunteers, a paired Student
t test was performed. To evaluate differences between
distance measurements of the IPBSN in women and
men, an unpaired Student t test was performed. Pear-
son correlation coefficients were used to assess distance
measurement correlations between the left-right and
female-male IPBSN positions in healthy volunteers. The
variability of distance measurements was assessed using
the coefficient of variation. This coefficient was calcu-
lated as the ratio between the standard deviation and
the mean of distance measurements. In cases in which
the differences were nearly significant, a sample size
calculation was added. A P value equal to or below 5%
was considered statistically significant.

Results

Ultrasound Accurately Pinpoints IPBSN in Anatomic
Specimens
We used anatomic specimens to determine whether

the application of ultrasound to the anteromedial knee
would assist in predicting the exact location of the
IPBSN. During sonography, small amounts of dye were
injected at sites that correlated with nerve positions R1,
R2, R3, and R4, namely, the origin, the fat pad super-
ficial to the sartorius muscle, the tibiofemoral joint line,
and the infrapatellar region, respectively. Dissection
confirmed the correct identification of the IPBSN in 14
of 14 branches (100%) at R1, R3, and R4 and 12 (86%)
of 14 branches at R2. In 2 of the first 3 ink-infiltrated
and dissected cases (Figs 2 and 3), we confounded the
IPBSN with the medial branch of the femoral cutaneous
nerve (MFCN)24 at the fat pad that is superficial to the
sartorius muscle (R2). We further analyzed the ultra-
sound images, as well as the investigation protocols,
and assumed that the MFCN always ran anterior to the
IPBSN, approximately 10 cm above the knee, and did
not reach the infrapatellar area. Instead, we found that
the MFCN ended atdor abovedthe level of the medial
border of the patella (Fig 3). Nevertheless, this branch
almost always crossed the IPBSN during its course
upward to its origin. In such cases, the MFCN lay in a
fad pad above the IPBSN, whereas the latter ran in a fat
pad beneath layer I, almost always penetrating it, when
the MFCN already coursed anteriorly. In all further



Fig 3. Transverse sonographic images of the infrapatellar branch of the saphenous nerve obtained (1) at the origin from the
saphenous nerve (A), (2) at the fat pad superficial to the sartorius muscle (B), (3) at the medial tibiofemoral joint line (C), and (4)
in the infrapatellar region (D). The images were obtained from a volunteer’s left side (A) or from a volunteer’s right side (B-D).
The numbers 1 through 4 correspond to the anatomic locations shown in Figure 2. The filled arrows indicate the infrapatellar
branch of the saphenous nerve, and the open arrows indicate the saphenous nerve (1) or medial femoral cutaneous nerve (2).
(FA, femoral artery; Fem, femur; Men, meniscus; S, sartorius muscle.)

ULTRASOUND OF INFRAPATELLAR NERVE BRANCHES 5
cases, we could correctly identify the IPBSN, as
confirmed by correct ink marking. Hence, HRUS
appeared to be a useful tool for localizing the IPBSN in
anatomic samples, and it would be interesting to apply
ultrasound to track the course of the IPBSN as it me-
anders in the anteromedial knee region of humans.

Ultrasound Shows Highly Variable Course of IPBSN
in Healthy Volunteers
To show the variability of the position of the IPBSN in

humans, HRUS was applied to 40 knees. Ten women
(mean age, 28.5 years; age range, 22-43 years; average
BMI, 21.4) and ten men (mean age, 24.7 years; age
range, 21-30 years; average BMI, 23.2) were included
in the study (overall mean age, 26.2 years; age range,
21-43 years; average BMI, 22.3).
The results showed that the IPBSN could be visu-

alized in both limbs of all 40 volunteers. The median
score for visibility was 4 (minimum, 2; maximum, 5)
at its origin from the saphenous nerve (R1), 5 (min-
imum, 4; maximum, 5) for the fat pad superficial to
the sartorius muscle (R2), 3 (minimum, 1; maximum,
5) at the tibiofemoral joint line (R3), and 4 (mini-
mum, 2; maximum, 5) in the infrapatellar region
(R4). The relation of the IPBSN to the sartorius
muscle was 50% penetrating, 27.5% anterior, and
22.5% posterior. A median of 2 branches was found.
The normal sonographic appearance of the IPBSN is
shown in Figure 3. Video 1 (available at www.
arthroscopyjournal.org) provides an example of the
IPBSN in the infrapatellar region in a healthy
volunteer’s right knee.
In addition, distance measurements in relation to

different anatomic landmarks (Fig 4) are provided in
Table 1. The coefficient of variation was lowest for D1
(0.14) and highest for D5.1 (0.86). Intraindividual dif-
ferences and between-sex differences in distance mea-
surements are shown in Tables 2 and 3, respectively.
There were significant intraindividual differences be-
tween the left and right knees at location D1 (P < .001)
and location D2 (P ¼ .002). No significant differences
for distance measurements could be observed between
men and women. In the case of nearly statistically sig-
nificant results (P ¼ .056 for D1 and P ¼ .053 for D5,
Table 3), a sample size calculation showed that 16 to 20
subjects per group for D1 and 14 to 18 subjects per
group for D5 would be needed to obtain a power of
80%. The locations of all the branches of the IPBSN at
the anterior knee and medial knee are shown in
Figures 5 and 6, respectively. Hence, ultrasound was
accurate at pinpointing the course and high variability
of the IPBSN in human knees.

http://www.arthroscopyjournal.org
http://www.arthroscopyjournal.org


Fig 4. Reference lines for distance measurements are shown
on a right knee. From the median base (D1) and the center
(D2) of the patella, 1 reference line at 90� was projected over
the knees. From the median apex of the patella, 3 reference
lines at different angles (90� [D3]; 45� [D4.1, D4.2, and D4.3];
and 0� [D5.1, D5.2, and D5.3]) were projected over the knees
for distance measurements from the main trunk (if not yet
divided) or the infrapatellar branches of the saphenous nerve
(IPBSNs). A sixth line was projected from the median apex of
the patella to the division of the main trunk of the IPBSN
(D6). The horizontal apexetuberosity line was drawn from
the median apex of the patella to the tibial tuberosity to
evaluate the midline crossing of IPBSN branches.
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Discussion
Ultrasound pinpointed the IPBSN from its origin to its

most distal point in anatomic specimens with an accu-
racy rate of 86% to 100% depending on the location. In
healthy volunteers, the IPBSN could be visualized in
both limbs, with a median visibility score of 4 (mini-
mum, 2; maximum, 5). In these subjects, the IPBSN
Table 1. Distance Measurements of IPBSN in Relation to Differe

Region n Mean, cm

D1 Patella base 40 12.7
D2 Patella center 40 10.7
D3 Patella apex 40 8.4
D4.1 1. Patella apex 45� 40 3.0
D4.2 2. Patella apex 45� 33 5.4
D4.3 3. Patella apex 45� 4 6.0
D5.1 1. Patella apex 0� 40 2.3
D5.2 2. Patella apex 0� 37 4.7
D5.3 3. Patella apex 0� 6 6.0
D6 IPBSN division 36 7.4

CV, coefficient of variation; IPBSN, infrapatellar branch of saphenous n
showed a highly variable course, with significant
intraindividual differences between the left and right
knees at the level of the base (D1, P < .001) and at the
center (D2, P ¼ .002) of the patella.
The IPBSN may be injured during knee surgery,

sometimes leading to neuropathic sensations and pain.
In addition, the course of the IPBSN differs among in-
dividuals, enhancing the risk of injury.
According to previously published studies, our results

confirm the high variability of the IPBSN at the ante-
romedial knee.5,6,11 Similar to the study by Kerver
et al.,5 our study also found fewer branches just medial
to the patellar tendon at the level of the tibial plateau.
Further medially, there were more branches, which
makes them prone to iatrogenic injury when ante-
romedial arthroscopic portals25 are inserted at this level.
With regard to possible posteromedial arthroscopic
knee portal approaches,26 a safe zone was not defin-
able, which is shown in Figure 6.
Postoperative knee pain can be of neural origin and

must be differentiated from other types of pain from a
musculoskeletal origin (e.g., implant loosening, infec-
tion, or arthritis). If an injury of the IPBSN is suspected,
various tools are available to define and localize the site
of trauma (e.g., clinical examination, site of scar, type of
pain, loss of sensibility, positive Tinel sign, or electro-
diagnostic studies).15,27 Nevertheless, palpation and
percussion are limited by the fact that variations in this
area may mimic pathologies related to other nerves
(e.g., MFCN24) or other anatomic structures (e.g.,
medial collateral ligament injury). Electrodiagnostic
studies are technically challenging and not useful in the
clinical routine. Especially with regard to the level and
site of injury, these tests cannot characterize the un-
derlying nerve pathology (e.g., neuroma formation or
nerve traction injury). Imaging methods such as mag-
netic resonance imaging, computed tomography, or
scintigraphy are excellent tools for differential diagnosis
but are limited by a lower spatial resolution compared
with ultrasound and, therefore, cannot show the IPBSN
over its entire course.
nt Anatomic Landmarks

Minimum, cm Maximum, cm SD, cm CV

9.0 16.3 1.80 0.14
7.0 14.0 1.74 0.16
4.0 13.5 2.01 0.24

�0.5 7.3 2.19 0.74
2.3 10.0 1.85 0.34
4.0 7.3 1.45 0.24

�0.5 6.5 1.99 0.86
2.0 11.0 2.44 0.52
3.5 7.8 1.58 0.26
0 13.0 2.50 0.34

erve; SD, standard deviation.



Table 2. Intraindividual Differences in Distance Measurements Between Right and Left Knees in Healthy Volunteers

Region Side Mean, cm SD, cm P Value for Difference Correlation Coefficient P Value for Correlation

D1 Patella base L 11.8 1.82 <.001* .523 .018*
R 13.5 1.36

D2 Patella center L 9.9 1.82 .002* .227 .335
R 11.5 1.24

D3 Patella apex L 8.0 2.40 .191 .298 .215
R 8.8 1.58

D4 Patella apex 45� L 2.5 1.90 .076 .556 .009*
R 3.4 2.40

D5 Patella apex 0� L 1.9 1.72 .066 .622 .003*
R 2.7 2.21

D6 IPBSN division L 7.4 3.20 .751 .382 .130
R 7.7 1.77

IPBSN, infrapatellar branch of saphenous nerve; L, left knee; R, right knee; SD, standard deviation.
*Statistically significant.
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In this study, we have investigated the course, vari-
ability, and relation of the IPBSN to relevant anatomic
landmarks using ultrasound, with the intention of
proper diagnosis and treatment if damage to the
branches occurs. This information is important not only
to allow proper morphologic evaluation of the
branches but also to help perform an ultrasound-
guided infiltration, which sometimes is needed to
arrive at the proper diagnosis and to improve the
management of patients with anteromedial knee pain.
Lundblad et al.21 showed the feasibility of IPBSN
blockade at the level of its origin from the saphenous
nerve. Nevertheless, they reported a concomitant
blockade of the saphenous nerve in greater than 50%
of patients. A possible explanation for this concomitant
blockade may be the relatively high amount of levo-
bupivacaine used (5 mL) and the anatomic proximity
of both nerves at the location used for blockade.
Therefore, diffusion of the local anesthetic may lead to
this effect. Our work may offer the anatomic back-
ground for the exact, selective IPBSN location. Selec-
tive blockade could be performed further distally, or
even singular branches could be infiltrated. Using a
Table 3. Differences in Distance Measurements Between Male an

Region

Left Knee

Sex Mean, cm SD, cm P Value for D

D1 Patella base M 12.6 2.07 .056
F 11.1 1.17

D2 Patella center M 10.3 2.20 .418
F 9.6 1.37

D3 Patella apex M 7.9 2.69 .854
F 8.1 2.07

D4 Patella apex 45� M 1.9 1.21 .155
F 3.1 2.32

D5 Patella apex 0� M 1.2 0.83 .053
F 2.7 2.08

D6 IPBSN division M 6.9 3.60 .517
F 7.9 2.50

F, female; IPBSN, infrapatellar branch of saphenous nerve; M, male; SD
lower amount of local anesthetics, which is sufficient
for blocks of such small nerve branches, may further
enhance the diagnostic outcome.
Ultrasound was shown to be accurate at pinpointing

the IPBSN when applied to anatomic specimens.
Moreover, using ultrasound, we were able to map the
meandering course of these nerves in human knees
in vivo.
If neuralgia triggered by IPBSN lesions persists, sur-

gical excision of the branch has been previously
described with good success.28,29 This information can
also help to guide the surgeon in the placement of the
initial incision. Because a good outcome was described
for ultrasound-guided percutaneous injection of meth-
ylene blue to guide surgery in vivo30 and ex vivo31 for
different peripheral nerves, this represents another
promising use for this tool. Nevertheless, this topic
needs to be addressed by further controlled clinical
trials to evaluate its efficacy compared with surgical
noneultrasound-guided procedures.
Our study population of healthy volunteers was

young, with a low overall BMI of 22.3. Observations
of ultrasound examinations in our daily clinical
d Female Healthy Volunteers

Right Knee

ifference Sex Mean, cm SD, cm P Value for Difference

M 14.0 1.45 .137
F 13.1 1.15
M 11.7 1.31 .473
F 11.3 1.18
M 9.3 1.63 .143
F 8.2 1.37
M 3.9 2.36 .397
F 2.9 2.48
M 2.8 1.94 .853
F 2.6 2.55
M 7.7 1.76 .602
F 7.3 1.90

, standard deviation.



Fig 5. (A) Anterior osseous and non-osseous anatomic landmarks on a right knee. The osseous landmarks were the median of
the patella apex, the patella center, the median of the patella base, the tibial tuberosity, the medial and lateral edge of the tibial
plateau, and the medial and lateral malleoli (most distal palpable points). (B, C) Non-osseous landmarks were placed at one-
fourth the distance between the tibial plateau and the medial malleolus. The location of the infrapatellar branch of the
saphenous nerve with ultrasound-guided anatomy mapping generated photographs showing the anatomy of the infrapatellar
branch of the saphenous nerve for a knee with average dimensions in the right (B) and left (C) anterior knees. The cranial blue
point indicates the average patella apex, and the medial caudal blue point indicates the average middle of the medial tibia.
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routinedwhere, in most cases, patients with knee pain
present with higher BMIsdshow that it is generally
easier to track the IPBSN in such patients. This is mainly
attributable to the fact that nerves run in fat-filled
Fig 6. (A) Medial osseous and non-osseous landmarks on a righ
medial tibial plateau with the medial femoral plateau and the me
one-fourth the distance between the tibial plateau and the med
saphenous nerve with ultrasound-guided anatomy mapping gen
branch of the saphenous nerve for a knee with average dimensio
indicated with blue points.
tunnels32 and, therefore, the contrast to the surround-
ing tissue is enhanced. Considering this fact, we think
that, even in patients with high BMIs, IPBSN evaluation
should be possible.
t knee. The osseous landmarks were the crossing point of the
dial malleolus. (B, C) Non-osseous landmarks were placed at
ial malleolus. The location of the infrapatellar branch of the
erated photographs showing the anatomy of the infrapatellar
ns in the right (B) and left (C) medial knees. Landmarks are
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Limitations
Our study has several limitations. We could not

match our results with the gold standard of in vivo
anatomic dissection, and we cannot exclude the fact
that, in some cases, we confounded the IPBSN with the
MFCN or other branches of the saphenous nerve.
Nevertheless, the ex vivo part of this study was also
used to anatomically train the investigators and avoid
such a mistake. Another limitation is that marking of
the IPBSN on a volunteer’s skin may cause some bias
(e.g., a branch not exactly in the middle of the ultra-
sound image because of sliding of the probe during skin
marking) and, thus, the anatomic course of the IPBSN
may not be shown accurately. Nevertheless, we think
that the presented assessment represents “true”
anatomic details better than an anatomic study on ca-
davers in which loose and connective tissue is removed
and, therefore, may slightly change the original topo-
graphic relations. Further ultrasound-guided mapping
of the IPBSN on 1 average-shaped knee cannot fully
reflect “true anatomic conditions.” Another limitation is
that only 1 rater performed the nerve measurements;
therefore a definitive statement may not be derived
about the diagnostic reliability of IPBSN measurements.

Conclusions
This study confirmed the reliable ability to visualize

the IPBSN and its variations with HRUS in anatomic
specimens and in healthy volunteers; such visualization
may therefore enhance the diagnostic and therapeutic
management of patients with anteromedial knee pain.
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