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ABSTRACT
Objectives:  Rapid vascular access is essential in trauma resuscitation, with intraosseous (IO) access 
providing a reliable alternative when peripheral intravenous access is not feasible. While the proximal 
humerus, tibia, and sternum are food and drug administration -approved IO sites, the distal femur 
has been proposed as a potential alternative, particularly in out-of-hospital adult cardiac arrest 
scenarios. This study aims to assess the feasibility of distal femur IO access in adults by evaluating 
the required needle length.
Methods:  A prospective observational case series study was conducted involving 100 healthy adult 
volunteers. Ultrasound was used to measure soft tissue depth 2 cm proximal to the superior border 
of the patella. Measurements were taken with the transducer placed lightly on the skin and with 
gentle downward pressure. Participants with a skin-to-bone depth greater than 40 mm were 
considered at high risk for insertion failure, as the longest standard IO needle measures 45 mm.
Results:  One hundred participants were enrolled, with a median age of 27.3 years (IQR 25.0–29.0); 
64 (64.0%) were male. Body mass index ranged from 17.42 to 35.26 kg/m2, with a median of 
22.86 kg/m2 (IQR 20.81–25.03). The mean soft tissue depth at the distal femur site was 25.0 mm (IQR 
21.9–29.6) without pressure and 14.0 mm (IQR 12.0–16.0) with gentle pressure. No participant had a 
soft tissue depth exceeding 40 mm.
Conclusions:  Distal femur IO access appears to be a feasible alternative for vascular access in 
young, non-obese adult patients. Our findings suggest that standard IO needle lengths are adequate 
for this site in this population, supporting its potential incorporation into emergency protocols. 
Further research is recommended to validate these results and inform standardized guidelines for 
distal femur IO placement.

Introduction

Establishment of vascular access is a fundamental component 
of trauma care and volume resuscitation. According to the 
advanced trauma life support and tactical combat casualty 
care guidelines, intraosseous (IO) access should be promptly 
initiated when rapid peripheral intravenous access cannot be 
achieved (1,2). The IO route offers a non-collapsible access 
point with a high first-attempt success rate and the capacity 
to deliver a wide range of fluids and medications- including 
crystalloids, colloids, blood products, and pharmacologic 
agents- at effective flow rates, making it a compelling first-line 
option for prehospital patients in extremis (3). The food and 
drug administration (FDA) has approved IO access at the 
proximal humerus, proximal tibia, and sternum for the 
administration of fluids and medications in adult patients. 
Several reports published in recent years indicate that emer-
gency medical service clinicians have been increasingly favor-
ing IO access via the distal femur during out-of-hospital 

cardiopulmonary resuscitation. The distal femur site offers 
high success rates, minimizes interference with the already 
crowded head and chest areas during resuscitation, potentially 
reducing the risk of dislodgment, and provides high flow rates 
(4–6). However, the feasibility of this method of IO access has 
not been assessed in trauma patients, who may differ substan-
tially from those with out-of-hospital cardiac arrest.

The distance between the skin surface and the cortical bone 
is a critical anatomical factor in achieving successful IO access. 
In the current study, we aimed to evaluate the soft tissue depth- 
the distance between the skin and the bone cortex- at the distal 
femur using ultrasound (US), both without pressure and with 
gentle pressure applied to the soft tissue at the insertion site.

Methods

This prospective case series study was conducted at 
Rambam health care campus in Haifa, Israel. One 
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hundred healthy medical student volunteers were enrolled. 
Inclusion criteria were: healthy individuals aged 18 to 
50 years, with no known pathology involving the knee 
joint, no history of knee surgery within the past year, and 
intact skin over the anterior knee. The study was approved 
by the institutional review board of Rambam health care 
campus Haifa, Israel (approval number 0167-23-RMB). 
Written informed consent was obtained from all partici-
pants prior to enrollment.

All participants underwent US evaluation of the distal 
femur to measure the distance from the skin surface to the 
bone. A 3-12MHz linear US transducer (VScan Air, GE 
Health care, USA) was used for this study. A transverse 
cross section of the soft tissue was visualized and US cali-
pers were used to measure the sonographic depth from skin 
to bone.

Three physicians with prior experience in musculoskeletal 
point-of-care US performed the assessments. Each measure-
ment was repeated by two physicians, and in cases of dis-
crepancy, the average value was recorded. Participants were 
positioned supine with the leg extended in a neutral, hori-
zontal orientation. A standardized template was used to 
mark the measurement site, located 2 cm proximal to the 
superior border of the patella. Two measurements were 
obtained for each participant: one at baseline with the trans-
ducer placed lightly on the skin without pressure, and a sec-
ond with gentle downward pressure applied to the transducer. 
The measurement site (left or right) was selected arbitrarily. 
Demographic data- including age, sex, weight, height, and 
body mass index (BMI)- were also collected.

To ensure reliable entry into the medullary cavity, IO 
needles must exceed the soft tissue depth by at least 5 mm. 
Accordingly, when using the longest standard IO needle 
(45 mm), the soft tissue depth should not exceed 40 mm (7). 
Therefore, participants with a skin-to-bone depth greater 
than 40 mm were considered at high risk of insertion failure.

Statistical Analysis

All students who consented to participate were included. 
Categorical data were presented as counts and 

percentages. Continuous variables were reported as medi-
ans and interquartile ranges (IQR). The associations 
between soft tissue depth and both age and BMI were 
assessed using Spearman’s rank correlation coefficient 
(rho) due to non-normal distribution of the variables as 
determined by Shapiro-Wilk test. A two-tailed p-value 
<0.05 was considered statistically significant. Statistical 
analyses were performed using Python (version 3.9) with 
scipy.stats, numpy, and pandas libraries.

Results

One hundred volunteers were included in the analysis. The 
median age of the study cohort was 27.3 years (IQR 25.0–
29.0), and 64 participants (64.0%) were male. The BMI val-
ues in the cohort ranged from 17.42 kg/m2 to 35.26 kg/m2, 
with a median of 22.86 kg/m2 (IQR 20.81–25.03). Only one 
subject (1.0%) had a BMI ≥30kg/m2. The distributions of 
age and BMI among study participants are illustrated in 
Figure 1.

The median soft tissue depth across participants was 
25.0 mm (IQR 21.9–29.6) without pressure, and 14.0 mm 
(IQR 12.0–16.0) when gentle pressure was applied with the 
US transducer. None of the volunteers had a soft tissue 
depth exceeding 40 mm. Median soft tissue depth and cor-
responding 95% confidence intervals are presented in 
Figure 2.

Both age and BMI demonstrated a moderate, statistically 
significant correlation with soft tissue depth (Spearman’s rho 
= 0.31, p = 0.002 for age and rho = 0.34, p = 0.001 for BMI). 
The analysis revealed no significant differences between 
sexes when the measurement was performed without pres-
sure application (25.0 mm [IQR 20.9–28.4] vs. 25.0 mm [IQR 
20.9–29.3], p = 0.75) and with gentle pressure was applied 
(13.8 mm [IQR 12.0–16.0] vs. 14.0 mm [IQR 11.9–16.0], 
p = 0.99).

Discussion

In this prospective US-based study of young, healthy, 
non-obese adult volunteers, the median soft tissue depth at 

Figure 1.  Distributions of age (a) and BMI (b) among 100 study participants.
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the distal femur insertion site was 25.0 mm (IQR 21.9–29.6) 
without pressure and 14.0 mm (IQR 12.0–16.0) with gentle 
US probe compression. These values are well within the safe 
insertion range for most commercially available IO devices. 
None of the participants had a soft tissue depth exceed-
ing 40 mm.

Traditionally, IO access in adults is performed at the 
proximal humerus, proximal tibia, or sternum. However, 
recent reports indicate a shift among emergency medical 
service clinicians toward using the distal femur for IO access 
during out-of-hospital cardiopulmonary resuscitation. Rayas 
et  al. evaluated distal femur IO access in adults undergoing 
out-of-hospital cardiac arrest and reported high success rates 
with comparable clinical outcomes (6). This site offers 
advantages, including avoidance of the already crowded head 
and chest areas during initial prehospital care, potentially 
lower dislodgment rates (particularly among agitated trauma 
patients), and high flow rates. Lairet et  al. reported that 
crystalloid infusion through an IO needle in the distal femur 
of an adult 71 kg swine, using a high-pressure system, 
achieved a flow rate of 138 mL/min. In the same model, a 
mean infusion rate of 213 mL/min was achieved in the prox-
imal humerus and 103 mL/min in the proximal tibia. The 
difference between the femoral and humeral insertion sites 
did not reach the threshold for statistical significance (5). In 
an older study published in 1993, Warren et  al. found, using 
a piglet model weighing 12–23 kg, that under gravity the 
average flow rate at the tibial site was 59% lower than at the 
femoral site. Under 300 mmHg pressure, the researchers 
reported an infusion rate of 29.5 mL/min in the femur, com-
pared with only 17.0 mL/min in the tibia. Hypovolemia 
caused a further decrease in flow rates, averaging 32% (4). 
In canine cadavers, both gravity and pressurized infusion 
rates at the femoral IO site were comparable to those 
achieved in the humerus and significantly higher than rates 
observed through the tibia. The pressurized infusion rate at 
the femur was 2.1 mL/kg/min (8).

Despite its potential, distal femur IO access may be lim-
ited in adult trauma patients with greater skeletal muscle 
mass, in contrast to the typically older and sarcopenic pop-
ulation seen in cardiac arrest cases. Additionally, Rayas et  al. 
noted that paramedics were permitted to perform a vertical 
“cut-down” incision over the insertion site to facilitate IO 
placement. However, the frequency of this intervention was 

not reported. This technique could increase procedure time, 
patient discomfort, and the risk of complications such as 
infection.

The currently commercially available IO devices include 
manually inserted devices, mechanical, spring-loaded devices, 
and drill-assisted devices. Several studies have compared 
drill-assisted and spring-loaded devices, with mixed findings 
regarding their efficacy (9–11). We found no reports of suc-
cessful use of mechanical IO devices at the distal femur site 
in adult patients. However, according to the manufacturers, 
spring-loaded devices require firm pressure on the insertion 
site, which compresses the overlying soft tissue and reduces 
the effective distance to the bone, in contrast to drill-assisted 
IO devices, which do not rely on external compression; the 
needle is advanced until bone contact is achieved. A 5 mm 
black mark on the needle must remain visible above the skin 
before insertion. In our study, such compression reduced the 
soft tissue depth at the distal femur by more than 10 mm, 
potentially enabling the use of spring-loaded IO devices in 
patients with soft tissue depth exceeding 40 mm.

Distal femur IO access is an FDA-approved and clinically 
acceptable option for pediatric patients (12). Although it is 
rarely used in practice, as reported by some studies (13,14), 
a recent study from Florida found that prehospital IO access 
at the distal femur had similar success and complication 
rates compared to the more commonly used proximal 
tibia (15).

Our previous study demonstrated that over 20% of trauma 
casualties had soft tissue depth exceeded the length of the 
standard IO needle (45 mm) (16). In that study we measured 
the distance from the skin to the cortex of the distal femur 
using a single sagittal computed tomography image obtained 
during routine trauma evaluation. Measurements were taken 
at a fixed distance from the superior patellar border without 
correcting for axis deviation, potentially introducing variabil-
ity of 2–3 mm. Furthermore, maintaining firm probe contact 
with minimal pressure is essential during US evaluation, as 
even slight pressure can reduce the skin-to-cortex distance 
by several millimetres- more accurately simulating the 
real-world conditions of IO needle placement using 
drill-assisted devices. These factors may suggest that the cur-
rent analysis more accurately reflects actual soft tissue depth 
and the needle length required for IO access at the distal 
femur. However, our previous analysis included real-world 
patients with a broader range of age and BMI. The preva-
lence of obesity among severe trauma casualties varies 
worldwide, with rates of up to 21% reported in the USA and 
up to 8.3% in Europe (17,18). It is expected to be even 
lower in military populations due to fitness requirements 
and selection processes.

Limitations

This study has several limitations. First, although our 
cohort consisted of young and predominantly male volun-
teers representing the trauma casualty population, the 
homogeneity of the study group—healthy, non-obese par-
ticipants—may limit the generalizability of our findings. 

Figure 2. M edian soft tissue depth and corresponding 95% confidence intervals.
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Since we observed a moderate correlation between BMI 
and soft tissue depth, it is plausible that patients with 
higher BMI- and possibly higher muscle mass, such as sol-
diers- would have increased soft tissue depth at the femoral 
site. Additionally, IO access is used not only in trauma and 
cardiac arrest patients. The characteristics of these popula-
tions may differ from those of our cohort. Second, we 
focused solely on the anatomical feasibility of distal femur 
IO access. Other factors, such as errors in identifying the 
insertion site or incorrect needle angle, may increase fail-
ure rates. Third, all measurements were performed by 
investigators aware of the study’s cutoff threshold, which 
may have introduced observer bias. Fourth, all measure-
ments were performed in the axial plane, and soft tissue 
depth may have been overestimated if the probe was not 
precisely aligned at a 90-degree angle to the femur.

Conclusions

In conclusion, our study demonstrates that the soft tissue 
depth at the distal femur in young, healthy, non-obese adults 
is generally within the range suitable for most IO access 
devices, especially when gentle pressure is applied using 
spring-loaded devices. These findings support the anatomical 
feasibility of distal femur IO access in trauma settings. 
However, variations in body composition, particularly in 
trauma patients with higher BMI or muscle mass, must be 
considered. Further research is needed to evaluate clinical 
success rates and procedural challenges in real-world trauma 
populations.
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