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Objective  To investigate the anatomical characteristics of the biceps femoris short head (BS) and determine the 
optimal needle placement for BS examination.
Methods  Twenty-one lower limbs were dissected. The distances from the medial and lateral margins of the biceps 
femoris long head (BL) tendon to the common fibular nerve (CFN) (M_CFN_VD and L_CFN_VD, respectively) and 
the distance from the lateral margin of the BL tendon to the lateral margin of the BS (L_BS_HD) were measured 5 
cm proximal to the tip of the fibular head (P1), four fingerbreadths proximal to the tip of the fibular head (P2), and 
at the upper apex of the popliteal fossa (P3).
Results  The BS was located lateral to the BL tendon. The CFN was located along the medial margin of the BL 
tendon. The median values were 2.0 (P1), 3.0 (P2), and 0 mm (P3) for M_CFN_VD; and 17.4 (P1), 20.2 (P2), and 
21.8 mm (P3) for L_CFN_VD; and 8.1 (P1), 8.8 (P2), and 13.0 mm (P3) for L_BS_VD.
Conclusion  The lateral approach to the BL tendon was safer than the medial approach for examining the BS. 
Amore proximal insertion site around the upper apex of the popliteal fossa was more accurate than the distal 
insertion site. In this study, we propose a safer and more accurate approach for electromyography of the BS.
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INTRODUCTION

The biceps femoris muscle is a strong flexor of the knee 
joint and an extensor of the hip joint. It comprises a long 
head and a short head innervated by the tibial division 
and the common fibular division of the sciatic nerve, 
respectively. The former originates from the posterior 
portion of the ischial tuberosity, whereas the latter arises 
from the lateral lip of the linea aspera and the lateral su-
pracondylar line of the femur. The biceps femoris long 
head (BL) becomes tendinous distally and is joined by 
the short head, and the round common tendon is insert-
ed in the fibular head. In the distal thigh, the sciatic nerve 
is divided into the tibial nerve and common fibular nerve 
(CFN). While the tibial nerve extends straight into the calf 
bisecting the popliteal fossa, the CFN closely follows the 
medial margin of the BL tendon and winds around the 
fibular neck [1-3]. 

The biceps femoris short head (BS) is clinically rel-
evant as it is the only muscle innervated by the common 
fibular portion of the sciatic nerve. Several techniques 
have been proposed for examining the BS using needle 
electromyography (EMG). Chu-Andrews and Johnson [4] 
recommended the insertion of a needle 5 cm above the 
knee while flexed, just medial or lateral to the BL tendon. 
Perotto et al. [5] suggested needle insertion at four fin-
gerbreadths proximal to the fibular head, just medial to 
the BL tendon. Lee and DeLisa [6] proposed inserting the 
needle immediately lateral or medial to the BL tendon at 
the level of the popliteal fossa. However, considering the 
location of the CFN around the distal thigh, the medial 
insertion approach to the BL tendon for examining the 
BS could be dangerous during needle EMG. Further-
more, most reports, including those mentioned earlier, 
do not describe the potential risks of nerve damage dur-
ing needle insertion. Previous studies that assessed the 
accuracy of needle placement in the lower limb muscles 
using EMG demonstrated a high risk of nerve damage 
and low accuracy rate with BS examination [7-9]. The 
anatomical characteristics of the BS, including its relative 
location to the BL tendon, have not been described in de-
tail in anatomy studies [8,10]. However, considering that 
the BS originates at the lateral lip of the linea aspera and 
the lateral supracondylar line of the femur, the BS should 
be located on the lateral side of the BL tendon. Conse-
quently, we hypothesized that the lateral approach would 

be a safer and more accurate method than the medial ap-
proach for examining the BS when using needle EMG.

The purpose of this study was to investigate the ana-
tomical characteristics of the BS and to examine the re-
lationship between the CFN and BL tendon. In addition, 
we aimed to propose an optimal technique for needle 
placement for EMG of the BS muscle using cadaver dis-
section. 

MATERIALS AND METHODS

A total of 21 lower limbs (11 right limbs, 10 left limbs) 
from 12 fresh cadavers (7 males, 5 females) were dissect-
ed. Two lower limbs had been previously dissected for 
other studies, and one lower limb was distorted. There-
fore, these three limbs were excluded from the study. The 
Institutional Review Board exempted this cadaveric study 
from review.

Skin and subcutaneous tissue were first dissected from 
the ischial tuberosity to the knee. As shown in Fig. 1, the 
fibular head and ischial tuberosity were marked. Further 

Fig. 1. Dissected cadaver indicating the anatomical mark-
ing sites and needle insertion levels according to the 
three commonly referred methods for electromyography 
of the biceps femoris short head muscle (BS). The com-
mon fibular nerve (CFN) divided from the sciatic nerve 
follows closely along the medial margin of the biceps 
femoris long head (BL) tendon. The BS is located later-
ally along the lateral margin of the BL tendon. TN, tibial 
nerve; IT, ischial tuberosity; UO, upper origin of the BS; 
FH, fibular head; P1, 5 cm proximal to the tip of the FH; 
P2, four fingerbreadths proximal to the FH (approximate-
ly 7 cm in this study); P3, the upper apex of the popliteal 
fossa.
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dissections were performed to expose the BL and BS. The 
upper origin of the BS and the midpoint between its up-
per origin and insertion were marked.

Needle markings were made at three different sites ac-
cording to previously reported techniques for needle 
EMG of the BS [4-6]: 5 cm proximal to the tip of the fibu-
lar head (P1) [4], four fingerbreadths (approximately 7 cm 
in this study) proximal to the tip of the fibular head (P2) 
[5], and at the upper apex of the popliteal fossa where the 
semimembranosus and biceps femoris muscles meet (P3) 
[6].

The distances from the fibular head to the ischial tuber-
osity and to the apex of the popliteal fossa were measured 
(FH_IT and FH_PF, respectively), and the ratio of FH_PF 
to FH_IT was calculated. In addition, the distances from 
the fibular head to the upper origin and to the midpoint 
of the BS parallel to the axis of the BL tendon (FH_UO 

and FH_MP, respectively) were measured, and the ratios 
of both parameters to FH_IT were calculated. Finally, the 
vertical distances from the medial and lateral margins of 
the BL tendon to the lateral margin of the CFN (M_CFN_
VD and L_CFN_VD, respectively) were measured at the 
P1, P2, and P3 levels. The vertical distance from the lat-
eral margin of the BL tendon to the lateral margin of the 
BS (L_BS_VD) was measured at each P level. M_CFN_VD 
was recorded as a negative value if the CFN was located 
lateral to the medial margin of the BL tendon.

The shapes of the BL and BS were also recorded as the 
unipennate or bipennate type.

All statistical analyses were performed with MedCalc 
version 19.2.1 (MedCalc Software Ltd, Ostend, Belgium). 
Nonparametric tests were conducted owing to the small 
sample size and the non-normal distribution of some 
parameters; for these, the medians with minimum and 
maximum values were provided. The Friedman test with 
further post hoc analysis was used to analyze the differ-
ences in M_CFN_VD, L_CFN_VD, and L_BS_VD among 
the three insertion levels. The distributions of M_CFN_
VD, L_CFN_VD, and L_BS_VD were analyzed using a box 
and whisker plot. A p-value of 0.05 was considered statis-
tically significant.

RESULTS

Morphological data of the biceps femoris short head
The anatomical characteristics of the BS and BL are 

shown in Table 1. The median FH_IT value, which was 
similar to the thigh length, was 335.0 mm. The median 
FH_UO (the BS length) and FH_MP values were 260.0 

Table 1. Anatomical parameters of the biceps femoris 
long head and short head

Parameter Value
FH_IT (mm) 335.0 (279.0−385.0)

FH_PF (mm) 150.0 (101.0−185.0)

FH_UO (mm) 260.0 (215.0−290.0)

FH_MP (mm) 130.0 (107.5−145.0)

Values are presented as median (min–max).
FH_IT, distance between the fibular head and the ischial 
tuberosity; FH_PF, distance between the fibular head and 
the popliteal fossa; FH_UO, distance between the fibular 
head and the upper origin of the biceps femoris short 
head muscle; FH_MP, distance between the fibular head 
and the midpoint of the biceps femoris short head.

Table 2. Horizontal distances from the BS and CFN to the BL tendon using various needle insertion techniques for the 
examination of the BS muscle

Parameter P1 level P2 level P3 level p-value
L_BS_VD (mm) 8.1 (0−18.0) 8.8 (0−20.5) 13.0a) (5.4−30.0) <0.00001

L_CFN_VD (mm) 17.4b) (8.4−24.5) 20.2 (10.2−31.9) 21.8 (10.2−49.5) 0.00003

M_CFN_VD (mm) 2.0 (-5.0−11.2) 3.0 (-6.0−13.0) 0a) (-12.5−42.0) 0.01167

Values are presented as median (min–max).
BS, biceps femoris long head; CFN, common fibular nerve; BL, biceps femoris long head; P1 level, 5 cm proximal 
to the tip of the fibular head; P2 level, four fingerbreadths proximal to the fibular head (approximately 7 cm in this 
study); P3 level, upper apex of the popliteal fossa; L_ BS_VD, vertical distance from the lateral margin of the BL tendon 
to the lateral border of the BS; L_CFN_VD, vertical distance from the lateral border of the BL tendon to the CFN; M_
CFN_VD, vertical distance from the medial margin of the BL tendon to the CFN.
a)p<0.05 on comparison with the P1 and P2 levels.
b)p<0.05 on comparison with the P2 and P3 levels.
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and 130.0 mm, respectively. The mean ratio of the BS 
length to the thigh length was 0.77±0.04. In addition, the 
mean ratio of the BS midpoint to the thigh length was 
0.38±0.02. Morphologically, the BL was of the unipennate 
type and located along the medial side of the BL tendon 
(Fig. 1). The BS was placed on the lateral side of the BL 
tendon and had a convergent shape. The medial side of 
the BS was attached to the BL; thus, distinguishing the 
two muscles was difficult.

Relationship between the BL tendon and the CFN and BS
The median FH_PF value, designated as P3, was 150.0 

mm, and its ratio to the thigh length was 0.42. The me-
dian M_CFN_VD values were 2.0 (P1), 3.0 (P2), and 0 mm 
(P3). The median L_CFN_VD values were 17.4 (P1), 20.2 
(P2), and 21.8 mm (P3) (Table 2). Significant differences 
in M_CFN_HD and L_CFN_HD were found among the 
3 levels (p=0.01167 and p=0.00003, respectively) (Table 
2). Post-hoc analyses demonstrated that the M_CFN_VD 
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Fig. 2. Box-and-whisker plots of the vertical distance from the lateral margin of the biceps femoris long head (BL) 
tendon to the lateral margin of the biceps femoris short head (BS) (L_BS_VD), and of the vertical distances from the 
lateral and medial margins of the BL tendon to the common fibular nerve (CFN) (L_CFN_VD and M_CFN_VD, respec-
tively) at the P1, P2, and P3 levels in all cases (21 limbs). Distances were recorded as a negative value if the CFN was 
located lateral to the lateral or medial margin of the BL tendon, or if the lateral margin of the BS was located lateral 
to the lateral margin of the BL tendon. P1 level, 5 cm proximal to the tip of the fibular head; P2 level, 4 fingerbreadths 
proximal to the fibular head (approximately 7 cm in this study); P3 level, upper apex of the popliteal fossa.
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was smaller at the P3 level than at the P1 and P2 levels 
and that the L_CFN_VD was smaller at the P1 level than 
at the P2 and P3 levels. Fig. 2 shows that the numbers of 
M_CFN_VD cases within 10 mm of the medial margin of 
the BL tendon were all 21 (100%) at the P1 level and 18 
(85.7%) at the P2 and P3 levels. However, the number of 
L_CFN_VD cases within 10 mm of the lateral margin of 
the BL tendon was 2 (9.5%) at the P1 level and 0 (0 %) at 
the P2 and P3 levels. 

The median L_BS_VD values were 8.1, 8.8, and 13.0 
mm at the P1, P2, and P3 levels, respectively. Signifi-
cant differences were found between each of the 3 levels 
(p<0.00001) (Table 2). The post hoc analyses revealed that 
the L_BS_VHD was larger at the P3 level than at both the 
P1 and P2 levels. The number of the L_BS_VD cases with-
in 10 mm of the lateral margin of the BL tendon among 
all the cases was 14 (66.7%) at the P1 level, 13 (61.9%) at 
the P2 level, and 4 (19.0%) at the P3 level. However, the 
M_BS_VD could not be measured as the medial margin 
of the BS was overlapped by the muscle and tendon of 
the BL.

DISCUSSION

Although needle EMG is useful for identifying nerve 
injuries, iatrogenic needle injuries still occur. The risk of 
iatrogenic injuries may be low in routine examinations 
of commonly selected muscles, but when unfamiliar or 
deep muscles are evaluated, the risk may increase [7,8]. 
The BS is one of the muscles rarely evaluated via needle 
EMG. However, the needle EMG of the BS is essential 
to differentiate common fibular neuropathy around the 
fibular neck from more proximal lesions.

Several techniques have been used for needle inser-
tion in the BS over several decades [4-6,11]. These stud-
ies recommended needle insertion in a location medial 
or lateral to the BL tendon, three or four fingerbreadths 
proximal to the lateral knee, 5 cm above the bend of the 
knee, or at the level of the superior crease of the popliteal 
fossa.

Previous studies that used cadavers showed varying 
degrees of needle placement accuracy according to the 
characteristics of each muscle including muscle loca-
tion, size, depth, and local anatomy [7-9]. Haig et al. [7] 
reported that needle insertion in the BS had a low accu-
racy, and accurate targeting occurred in approximately 

30% of the cases; meanwhile, caution-related mistakes 
such as CFN injury occurred in 20% of the cases. Another 
cadaveric study demonstrated similar results (accuracy, 
25%; caution-related mistakes, 18.8%) [8]. The authors of 
these studies used the methods developed by Delagi and 
Perotto [10] and Geiringer [11]. The former recommend-
ed the medial approach, and the latter recommended 
the medial or lateral approach. However, the authors 
did not report which approach (medial or lateral) was 
used for the Geiringer’s method was used in their stud-
ies [7,8]. Yun et al. [9] showed that the accuracy of needle 
insertion in the BS was 68.75%, which was relatively low 
as compared with those of blind needle insertion in the 
peroneus longus (75%) and BL (93.75%). These low ac-
curacy and high risk rates related to the needle insertion 
in the BS may be attributed to use of the medial approach 
or the lack of consistency in needle placement during BS 
examination. Considering these results, the optimal ap-
proach to obtain safe and accurate results must be identi-
fied. 

The CFN was located along the medial margin of the BL 
tendon. The median horizontal distance from the medial 
margin of the BL to the CFN was ≤3.0 mm at all three 
levels (P1, P2, and P3 levels) (Table 2). As shown in Fig. 
2, in ≥85% of cases, the CFN was located within 10 mm of 
the medial margin of the BL tendon. The muscle belly of 
the BL was located medial to the medial margin of the BL 
tendon as the unipennate type. These observations pro-
vide evidence of a high risk of CFN injury and the low ac-
curacy of needle placement in the BS during needle EMG 
using the medial approach. Although none of the studies 
on needle EMG of the BS have commented on the risk of 
CFN injury during needle insertion medial to the medial 
margin of the BL tendon, needle insertion medial to the 
BL tendon should be avoided as it may increase the risk 
of CFN injury and decrease the accuracy of needle place-
ment.

On using the lateral approach for examining the BL 
tendon, the median horizontal distances from the lateral 
margin of the BL tendon to the CFN were ≥17 mm at all 
three levels (P1, P2, and P3 levels) (Table 2). The percent-
age of cases in which the CFN was located within 10 mm 
of the lateral margin of the BL tendon was 9.5% at the P1 
level and 0% at the P2 and P3 levels. Morphological ex-
amination showed that the BS originated from the lateral 
lip of the linea aspera, and the lateral supracondylar line 
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of the femur was observed to be located lateral to the 
lateral margin of the BL tendon. The median horizontal 
distances between the lateral margin of the BS and BL 
tendon were significantly increased at higher levels, and 
post-hoc analyses revealed a larger value at the P3 level 
than at the P1 and P2 levels (Table 2). Furthermore, the 
percentage of cases in which the lateral margin of the BS 
was located within 10 mm of the lateral margin of the BL 
tendon was 66.7% at the P1 level, 61.9% at the P2 level, 
and 19.0% at the P3 level (Fig. 2). These findings were 
compatible with the results of more detailed analyses of 
“missed” needle placement in BS examinations in previ-
ous studies [7,8]. In these studies, the needle was often 
inserted at a location too distal to the muscle belly, and 
a more proximal needle insertion was recommended. 
In our study, the P3 level, which is a more proximal site, 
was thought to be the best location for needle placement 
in BS examination. The median value of the P3 level (the 
upper apex of the popliteal fossa) was 150.0 mm and its 
ratio to the thigh length (the distance from the fibular 
head to the ischial tuberosity) was 0.42. At the P3 level, 
the muscle mass of the BS could be observed in all the 
cases on the lateral margin of the BL tendon (Fig. 2). Con-
sidering that the midpoint of the BS was 130.0 mm from 
the fibular head and ratio of the midpoint of the BS to the 
thigh length was 0.38, proximal needle placement using 
the lateral approach would be preferred for accuracy and 
safety.

The BS muscle is clinically relevant because it is the 
only muscle innervated by the common fibular portion of 
the sciatic nerve. High sciatic nerve lesions affecting the 
common fibular division can cause foot drop in patients, 
mimicking what is observed in distal peroneal neuropa-
thy at the fibular head [12]. In this case, needle EMG to 
examine the BS muscle is essential to localize the lesion. 
Patients with high sciatic nerve lesions and peroneal 
neuropathy at the fibular head show abnormal findings 
on fibular nerve conduction studies, whereas those with 
high sciatic lesions only show an abnormal EMG pattern 
on evaluation of the BS. Thus, for patients presenting 
with foot drop or weakness in ankle dorsiflexor muscles, 
needle EMG of the BS must be performed [13]. Accord-
ingly, a safe and accurate approach for needle placement 
must be identified to examine the BS. Despite previous 
studies recommending either the medial or lateral ap-
proach, our results suggest that the lateral approach 

should be preferred to increase the accuracy of measure-
ment and reduce the risk of CFN injury. 

Moreover, the site of the EMG needle insertion may 
serve as a guide for blind injections. In cases of flexed 
knee spasticity, large muscles of the posterior thigh such 
as the BL, semimembranosus muscle, or semitendino-
sus muscle are often targeted for botulinum toxin injec-
tion; however, as an alternative, the BS can be injected 
under ultrasonographic guidance or by using the blind 
technique [14,15]. When using the blind technique for 
administrating botulinum toxin injections, especially for 
flexed knee spasticity, our results can be useful in terms 
of increasing the success rate and lowering the rate of 
complications associated with misplaced injections.

Our study has several limitations. First, the number of 
dissected cadavers was small, although fresh cadavers 
were used. Second, an ultrasonographic technique was 
not performed for comparative purposes, and the actual 
relationships of the CFN and BS to the BL tendon could 
not be analyzed. In addition, because needle placement 
was not performed according to the techniques or inser-
tion levels in the cadavers, the actual targeting rate and 
the actual risk of CFN injury could not be measured in 
this study. As the purpose of this study was to determine 
the optimal needle insertion site for examining the BS, 
only the needle placement levels and the directions of 
the approaches were compared. Further studies using ul-
trasonography in healthy subjects are needed to evaluate 
the real relationship of the CFN and BS to the BL tendon. 

As the BS shows high clinical relevance in terms of dif-
ferentiating between the sites of peroneal nerve lesions 
above or below the knee, it should be examined using 
accurate and safe techniques. However, previous needle 
placement techniques for BS examination did not con-
sider the anatomical characteristics of the BS and CFN 
in relation to the BL tendon. This lack of consideration 
may account for the low accuracy rate and the high risk 
of CFN injury associated with needle EMG of the BS. This 
cadaveric study demonstrated that the lateral approach 
for examining the BL tendon was safer than the medial 
approach. In addition, the more proximal insertion site 
around the upper apex of the popliteal fossa was more 
accurate than the distal insertional site. 
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