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Abstract

Introduction: Anterior compartment syndrome (ACS) of the lower extremi-
ty is a well-recognized surgical emergency. The anterior compartment is the
most frequently missed of the four compartments during lower extremity fas-
ciotomy. This study describes a novel approach that combines sonographic
measurements and physical examination landmarks to accurately identify the
anterior compartment. Materials and Methods: This study was conducted as
a prospective anatomical study of 94 volunteers at a single institution. Physi-
cal exam and sonographic methods were utilized to derive measurements of
the anterior compartment, followed by biometric and validation data. Re-
sults: Volunteers for the derivation and validation phases of study were simi-
lar regarding gender, height and weight, age, and BMI. The derivation set re-
vealed the distance to the anterior compartment to be 2.77 cm (median 2.6
cm, range 1.5 - 5.4 cm) from the mid-axial line and resulted in identification
of the anterior compartment 100% of the time (p < 0.001). Findings were re-
producible in the internal validation set with 100% accuracy. Conclusion:
The fascial planes of the anterior compartment can be identified with 100%
accuracy when utilizing physical examination and sonographic methods. This
can serve as a foundation for future studies evaluating ways to reduce of the
number of missed anterior compartment fasciotomies in the setting of ACS.
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1. Introduction

Acute compartment syndrome (ACS) is a well-recognized condition that is un-
iversally considered a surgical emergency. ACS has an annual incidence of 7.3
per 100,000 in men and 0.7 per 100,000 in women [1] and it can result in sub-
stantial morbidity and mortality if not treated in an appropriate and timely fa-
shion.

The exact cause of ACS has been previously debated in the literature, but it is
our current understanding that extremity ACS results from the increase in the
pressure within a defined muscular compartment surrounded by fascia which
subsequently leads to impaired circulation, tissue ischemia and cellular anoxia
[2] [3]. Tissue necrosis that develops from lack of venous and arterial flow can
lead to several complications including limb deformity, ischemic muscle con-
tracture, and amputation [1] [2]. Decompression of the affected fascial com-
partments via a long, cutaneous incision has been found to be the most effective
and widely accepted method of treatment [2] [3] [4].

The anterior compartment of the lower extremity is the most prevalent site for
ACS (62% - 96% [4]), and more than 70% are due to tibia fractures [2] [4] [5] [6]
[7] [8]. Additionally, roughly 2.8% of patients who sustain extremity trauma will
require a fasciotomy [9] [10], and those coupled with arterial injuries will re-
quire fasciotomies even more frequently [10] [11]. Furthermore, the lower ex-
tremity anterior compartment has been found to be the most frequently missed
leg compartment among surgeons when performing a fasciotomy [4]. Incom-
plete or missed fasciotomy can lead to considerable morbidity, including chronic
lower extremity pain, neuropraxia, permanent foot drop (up to 18.2% of pa-
tients), and perfusion issues leading to amputation (12.9% of cases) [5] [8] [10]
[12] [13] [14].

The medicolegal and financial consequences of missing ACS can be substan-
tial. One closed claim analysis review noted a mean indemnity payment of
$426,000 for cases of missed ACS, which far exceeds the average indemnity
payment of $136,000 for orthopedic surgeons malpractice claims [8]. Another
review notes that about 90% of suits were related to delay in diagnosis, however,
no difference was found in proportion of plantiff verdicts or in monetary awards
for those cases compared with the remaining 10% of suits, which include in-
complete fasciotomies [7]. This suggests that the medicolegal risks of missing a
compartment during a lower extremity fasciotomy are equally as consequential,
and that performing an optimal release of the lower extremity anterior com-

partment is essential in order to avoid these potential risks.
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The most commonly unopened compartments of the lower extremity are the
anterior and the deep compartments [4]. The anterior compartment is of partic-
ular importance, as it is involved in the majority of cases of lower extremity ACS
and can also be the only compartment affected in up to half of all cases [4] [15].
Additionally, the most frequent surgical revision procedures were extension of
fascial incisions and decompression of unopened compartments [4] [16].

Given the above, prior emphasis has been placed primarily on tactile methods
and anatomical estimations for identification of anatomic landmarks in an af-
fected extremity which may not be completely sufficient [4]. Previous methods
of identifying a precise anatomical incision site placement are varied and no
standard method exists. To our knowledge, there is no currently accepted pro-
tocol or standard method related to the identification of the anterior compart-
ment using both superficial skin landmarks combined with sonographic evalua-
tion. Our study sought to obtain sonographic measurements using anatomic
landmarks to correctly identify the optimal incision site location of the anterior
compartment of the lower extremity. We anticipate that a more precise fasciot-
omy site incision location using point-of-care ultrasound coupled with anatomic
measurements would lead to a decrease in incomplete fasciotomies during de-
compression. Additionally, we intended to study the effect of biometric factors

in relation to our obtained compartment measurement data.

2. Materials and Methods

This descriptive, prospective anatomical study was conducted with 103 total vo-
lunteers at a single institution and included a derivation and validation set of
data. This study protocol was reviewed and approved by the Institutional Review
Board. All participants were 18 years of age and older. Our derivation set con-
sisted of 52 volunteers, with 18 females, 25 males and a total of 86 lower extrem-
ities. We excluded 3 females and 6 males (11 lower extremities). Those excluded
from the study included individuals with any prior lower extremity infection,

surgery, orthopedic hardware placement, or deep venous thrombosis (Figure 1),

52 participants enrolled

Potential extremities
(n=104)

Tibial fracture (n=2)
Foot fracture (n=3)
Ankle fracture (n=4)
Achilles Tendon repair (n=1)
Meniscus repair (n=1)

Excluded, not meeting
inclusion criteria (n=11)

Measured (n=93)

Left lower extremity Right lower extremity
(n=47) (n=46

Figure 1. Derivation set inclusion and exclusion criteria.
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as these may disrupt normal anatomical fascial boundaries and tissues and cause
discrepancies between extremity measurements. Our validation set consisted of a
total of 51 volunteers, with 30 females, 21 males and a total of 101 lower extrem-
ities. We excluded 1 lower extremity in the validation set (lower extremity frac-
ture). Biometric data was obtained to include age, gender, height, weight, and
BMI. Leg length discrepancy and was evaluated by measuring the distance from
the anterior superior iliac spine (ASIS) to the lateral and medial malleoli of each
extremity. Calf circumference at the site of assessment was also obtained. A vinyl
tape measure was used for all external measurements.

Measurements were taken 6 cm distal to the tibial tuberosity on each leg for
the purpose of standardization, marking the location for sonographic assess-
ment. First, identifiable, palpable external anatomical landmarks were obtained
and marked on the skin surface, namely the axial line and the lateral edge of the
tibia (ballotable surface). The axial line was denoted by drawing a line from the
center of the fibular head to the center of the lateral malleolus, both identified by
manual palpation. The lateral edge of the tibia was also marked (Figure 2). Once
the above surface landmarks were identified by palpation and recorded, sono-
graphic identification of the lower extremity compartments were also obtained
and extrapolated to the skin surface (Figure 2).

Ultrasound measurements of the bilateral lower extremities were obtained by
using the Mindray M9 ultrasound machine (Mindray North America, Mahwah,
NJ) with utilization of the high frequency (2 - 15 MHz) linear probe. Sonographic

Cephalad

Figure 2. Left lower extremity markings obtained during derivation phase depicting the
lateral edge of the tibia (A), anterior intermuscular septum (B), axial line (C), and post-
erior intermuscular septum (D).
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measurements were obtained by two emergency medicine trained ultrasound
fellows. Ultrasound and surface measurements were validated by either an
emergency medicine physician with ultrasound fellowship training, a burn
surgeon, or a physiatrist. Sonographic measurements included the width of the
anterior compartment (distance from the anterior inter-muscular septum to the
lateral edge of the tibia bone) and the width of the lateral compartment (distance
from the posterior inter-muscular septum to the anterior inter-muscular sep-
tum) (Figure 3). Once these sonographic landmarks were identified and marked
on the skin surface, various distances were measured using vinyl measuring tape.
These measurements included the distance from the axial line to the anterior in-
ter-compartmental fascia, and the distance from the axial line to the lateral edge
of the tibia bone, using an iterative process.

Once the initial data set was interpreted, an additional 100 lower extremities
from healthy, random volunteers were measured for internal validation purpos-
es. In the validation cohort, we used a separate group of volunteers with the
same exclusion criteria. The axial line, described above, was drawn again on both
limbs. From the analysis of the pilot cohort, we were able to determine that the
anterior compartment would be located 2/3 of the distance from the axial line to
the tibial edge in all patients. With this data, we measured the distance from the
axial line to the tibial edge in the validation cohort. We then calculated 2/3 of
this measured distance (starting from the axial line) and evaluated this marked
external location with ultrasound. We recorded the marked location and con-

firmed that it was indeed over the identified anterior compartment.

3. Results

Results are based on all 86 legs from 43 volunteers measured during the derivation
phase and 101 legs from 51 volunteers during the validation phase (Table 1).

Figure 3. Transverse ultrasound image of the lower extremity anterior compartment de-
picting the intermuscular septum and lateral boundary of the anterior compartment
(dotted red line), the lateral border of the tibia (dotted yellow line) and the interosseous
membrane (dotted orange line).
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Table 1. Anatomical measurements of healthy males and female volunteers who participated in the exploratory phase of the study.

Anatomical measurements (cm) Sex Mean SD  Median Min Max P* px*

All 4.8 0.7 4.5 3.5 7.0 0.030 0.003

Anterior compartment width

(lateral edge of the tibia to fascia) Female 42 06 2 3> >
Male 5.0 0.8 4.7 3.5 7.0
All 53 0.9 5.0 3.0 7.3 0.262 0.164
Lateral compartment width Female 5.1 1.0 5.0 3.0 7.3
Male 5.4 0.8 5.5 4.0 7.0
All 2.9 0.6 2.8 1.8 5.4 0.058 0.010
Axial line to the anterior compartment Female 3.1 0.9 2.9 1.8 5.4
Male 2.7 0.4 2.7 1.8 3.5
All 7.4 0.9 7.4 6.0 10 0.216 0.979
Right leg Axial line to the lateral edge of the tibia Female 7.2 1.0 7.0 6.0 10.0
Male 7.6 0.8 7.5 6.5 10.0
All 37.8 3.4 38.0 30.7 46.5 <0.005  0.307
Calf circumference 6 cm distal to tibial tuberosity Female 35.6 3.4 35.5 30.7 46.5
Male 394 2.4 39.0 35.0 45.5
All 89.2 6.8 90.5 72.0 100.5 <0.005 0.236
Anterior superior iliac spine to medial malleolus Female 83.7 5.3 84.0 72.0 95.0
Male 93.2 4.7 94.0 80.7 100.5
All 91.1 7.1 92.0 73.5 102 <0.005 0.358
Anterior superior iliac spine to lateral malleolus Female 85.0 5.3 84.0 73.5 96.0
Male 95.6 4.4 96.0 83.0 102.0
All 5.0 0.7 5.0 4.0 6.5 0.010
Anterior compartment width
(lateral edge of the tibia to fascia) Female 46 0.5 4.5 4.0 6.0
Male 5.2 0.7 5.0 4.0 6.5
All 5.2 0.8 5.0 3.2 7.5 0.756
Lateral compartment width Female 5.1 0.9 5.0 3.2 7.0
Male 52 0.8 5.0 4.0 7.5
All 2.6 0.5 2.5 1.5 3.9 0.078
Left leg Axial line to the anterior compartment Female 2.8 0.6 2.7 2.0 3.9
Male 2.5 0.5 2.5 1.5 3.9
All 7.4 0.9 7.5 53 10 0.155
Axial line to the lateral edge of the tibia Female 7.2 1.0 7.0 5.3 9.5
Male 7.6 0.9 7.6 5.5 10.0
All 38.0 3.5 38.0 30.7 49 0.005
Calf circumference 6 cm distal to tibial tuberosity Female 36.1 4.0 35.0 30.7 49.0
Male 393 2.3 39.0 35.0 45.0
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Continued
All 89.4 6.9 90.0 69.5 100 <0.005
Anterior superior iliac spine to medial malleolus Female 84.0 5.9 83.8 69.5 96.5
Male 93.3 4.5 93.0 80.8 100.0
All 91.3 7.1 92.0 70.5 102 <0.005
Anterior superior iliac spine to lateral malleolus Female 85.4 6.1 84.3 70.5 98.0
Male 95.5 4.1 95.5 85.0 102.0

*Students t-test P-less than 0.005 indicates the measurements are different between males and females. **Paired t-test comparing left and right leg measure-

ments.

The average (median, range) distance from axial line to the anterior intercom-
partmental fascia was 2.7 cm (2.6, 1.5 - 5.4). Based on the iterative evaluation of
multiple possible distances from the axial line to lateral edge of tibia, an pro-
posed incision made at 1/2 this distance would be within the anterior compart-
ment 98% of the time, whereas an incision at 2/3 this distance would result in
100% of incisions being within the anterior compartment. Given that the mean
distance from the axial line to the tibial crest was 7.4 cm, this would place the
proposed incision point at a mean distance of 2.5 cm lateral to the tibial crest,
however, given that the distance from the axial line to the tibial crest will vary
among individuals and extremities, the 2/3 distance metric was utilized. Our va-
lidation set with the point of interest at 2/3 the distance from the axial line to the
lateral edge of the tibia confirmed these findings. Measurements noted did not
differ substantially between the left and right legs of the same individual, except
for the anterior compartment (P = 0.003) and the axial line to the anterior com-
partment distance (P = 0.010). Although statistically significant, the magnitude
of differences in mean measurements for these two distances was 0.3 cm or less
between the left and right legs. This subtle difference was deemed negligible to
potentially cause measurement error when determining the incision site in ac-
tual patients.

Our results were consistent regardless of demographics, including age, BMI,
gender, and extremity laterality (Table 2). Volunteers for both the exploration
and validation phases of study were generally similar in terms of gender (P =
0.101), distribution of underweight, normal, overweight or obese volunteers (P =
0.399) as well as in terms of age (P = 0.086) and BMI (0.182). Additionally, vo-
lunteer attributes in both the exploratory and validation phases were similar,

which further strengthens generalizability.

4. Discussions

Accurately identifying and accessing the lower extremity anterior compartment
is crucial to avoid unnecessary patient harm and medicolegal risks. Given the
nature of ACS, identification of the anterior compartment and fasciotomy inci-
sion site has previously relied heavily on palpable external skin landmarks, with

a multitude of various locations being previously used in clinical practice.

DOI: 10.4236/s5.2021.124013

113 Surgical Science


https://doi.org/10.4236/ss.2021.124013

L. T. Filler et al.

Table 2. Age and general physical measurements of the healthy volunteers who participated in two phases of the study.

Phase
Age
Weight
Exploration (n = 43)**
Height
BMI
Age
Weight
Validation (n = 51)**
Height

BMI

Mean (median, range) of the measurements P-value*
Female Male All
35.8 (31,22 - 63) 34.1 (31,24 - 62) 34.8 (31,22 - 63) 0.099
70.8 (63, 47.6 - 158) 95.6 (93.4, 64 - 194) 85.2 (83.5,47.6 - 194) 0.943
153.8 (161.4, 1.6 - 177.8) 166 (180.3,1.7 - 193) 160.8 (175.2, 1.6 - 193) 0.707
24.4(23.5,19.4 - 33.9) 28.3(27.9,22.1 -40.2) 26.7 (25.5,19.4 - 40.2) 0.272
39.4 (38.5, 27 - 65) 37.7 (35,22 - 65) 38.7 (36, 22 - 65)
76 (73.9,49.4 - 136.5) 92.7 (89.4, 58.5 - 122.1) 82.9 (84.4,49.4 - 136.5)
164.9 (162.6, 147.3 - 180.3) 179.4 (180.3, 167.4 - 193) 170.9 (172.2, 147.3 - 193)
27.9 (26.6, 18.1 - 50.1) 28.7 (28.3,20.9 - 37.4) 28.2 (27.8,18.1 - 50.1)

*Comparing differences between exploration and validation phases based on Wilcoxon two-sample test with t-approximation.

Furthermore, surgical training varies amongst general, burn, trauma, plastic and
orthopedic training programs with educational inconsistency amongst surgical
technique. Our study attempted to identify an optimal and practical method for
evaluating the proper incision site over the anterior compartment using ultra-
sonography as an adjunct to palpable skin landmarks, of which can easily be
identified at the bedside, while also avoiding distances that would prove harmful
to vascular and neurologic structures, such as deep arterial perforators and the
common peroneal nerve. We found that an incision that is placed 2/3 the dis-
tance from the axial line (contrived line from the center of the fibular head to the
center of the lateral malleolus) to the lateral edge of the tibia, yields the most op-
timal location to access the anterior compartment.

This proposed distance is of utmost importance given the currently accepted
standard practice of evaluating the lower extremity in preparation for an ante-
rior compartment fasciotomy. Currently, a four-compartment fasciotomy is
recommended in the lower leg to treat ACS [17]. Various two incision methods
have been previously described, although, no official standard exists. There are
two generally accepted techniques that have been described regarding the de-
compression of the anterior and peroneal compartments [16] [18]. One tech-
nique describes placing a skin incision directly over the inter-muscular septum,
between the anterior and peroneal compartments with a separate deep incision
releasing the fascia directly over each compartment [16] [18] [19]. An alternative
approach places the skin incision much more anteriorly to decompress the ante-
rior compartment directly by incising the fascia exactly in line with the skin in-
cision, about 1.5 - 2 c¢m lateral to the tibial crest [16] [18] [20] [21]. The muscle
bulk is then retracted to allow decompression of the lateral compartment by a
separate incision through the intermuscular septum. Although the latter method
is effective, it risks placing an incision too close to the tibial crest, which can in-
crease the risk of common peroneal nerve injury and disrupt arterial perforator

supply to the area [18].

DOI: 10.4236/s5.2021.124013

114 Surgical Science


https://doi.org/10.4236/ss.2021.124013

L. T. Filler et al.

The widely accepted distance of 2 cm lateral to the tibial crest has been
adopted in order to avoid potential injury to anterior and peroneal perforators,
which may be jeopardized with a more anterior or posterior incision, respec-
tively; however, literature regarding this distance is limited and ambiguous [18].
According to Pallister et al. (2016), anterior perforators were found to lie lateral
to the incision line, a median distance of 2.2 mm (range 2 - 2.9 cm) from the
tibial crest. The median distance of the peroneal perforators from this incision
line was 6.2 cm (range 4.2 - 9 cm) [18]. Our study places a proposed incision site
at 2.5 cm (mean and median distance) lateral to the tibial crest, well within the
anterior compartment, correlating approximately with the previously proposed
safe distance of 2 cm lateral to the tibial crest as well as being outside of the me-
dian distance of the anterior arterial perforators assessed by Pallister et al. (2016).

Furthermore, the mean distance from the tibial crest to the anterior com-
partmental fascia (anterior compartment width) in our study was 4.8 cm and 5.0
cm in the right and left legs, respectively. This distance of the anterior compart-
ment boundary may allow for an additional 2.3 and 2.5 cm of safe incision site
distance from the tibial crest to the anterior compartmental fascia on the right
and left leg, respectively, thus avoiding the anterior arterial perforators of the
anterior compartment.

The use of point-of-care ultrasound (POCUS) to identify the anatomy of the
lower extremity was paramount to our study and was used to validate our find-
ings. The use of ultrasound to delineate the structures of the musculoskeletal
system is well-documented throughout the literature [22]. Point-of-care ultra-
sound has been shown throughout the literature to be a useful tool when diag-
nosing various musculoskeletal pathology, identifying structures and aiding

various musculoskeletal procedures [23].

Limitations

During study development and implementation, we identified limitations to our
investigation. Our research focused exclusively on the anterior compartment of
the lower extremity; thus, we cannot extrapolate our findings to other extremi-
ties or compartments of the leg. Additionally, vascular arterial perforators and
the common peroneal nerve were not directly identified during our observa-
tions, both of which may be injured during anterior compartment fasciotomy
[24]. Vigilant surgical care is still required with a fasciotomy incision to avoid
vascular and nervous injuries. Furthermore, our study population included
healthy adult volunteers, which may not correlate with findings found in those
adult or pediatric patients with ACS who might have sustained traumatic inju-
ries leading to an anatomical distortion. One cadaver study did show that certain
fascial angles do change with increased compartmental pressure via saline infu-
sion, however, whether this changes fascial distances to any substantial or clini-
cally significant degree has yet to be seen [24]. Further studies are recommended

going forward in the trauma and pediatric populations.
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Our study describes a novel technique of determining the optimal location to
perform an anterior compartment fasciotomy that would lead to successful iden-
tification 100% of the time. Further studies are warranted to further identify the
optimal location for fasciotomy of the anterior compartment in the setting of
ACS while also mitigating risks to important vascular and neurologic structures.
Our findings can serve as a foundation for additional studies in the future that
evaluate ways to reduce the number of missed anterior compartment fascioto-

mies in the setting of ACS.
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