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Research Article

Fingerbreadths Rule in
Determining the Safe Zone of the
Radial Nerve and Posterior
Interosseous Nerve for a Lateral
Elbow Approach: An Anatomic
Study

Abstract

Introduction: The purpose of this study was to investigate
whether a safe zone rule could be applied to prevent iatrogenic
injuries to the radial nerve (RN); and determine whether there is a
relationship between the diameter of the radial head and
capitellum and the distance of the posterior interosseous nerve

(PIN) to the radiocapitellar joint.
Methods: Ten fresh-frozen cadaveric specimens were used to

measure the distances between the RN and the lateral epicondyle;
the PIN and the radiocapitellar joint; the lateral epicondyle and the
PIN as it crossed the ulnohumeral joint; the diameter of the radial
head; the width of the capitellum; and the fingerbreadths of the

specimens.
Results: Four fingerbreadths determined a safe zone between the

lateral epicondyle and the RN proximally at the point at which it
pierced the intermuscular septum and the mid-lateral portion of
the humeral shaft. Two fingerbreadths provided a safe zone for the
PIN from the radiocapitellar joint to the midpoint of the axis of the

radius only with the forearm in pronation.
Conclusion: A four-finger rule, two-finger rule, and radial head

diameter or capitellum size may predict a safe zone for the RN and
PIN except for the segment of the nerve where it crosses the

anterior cortex of either the humerus or radius.
Level of Evidence: Preclinical cadaveric study

Lateral approaches are commonly
used for trauma and reconstruc-
tive cases around the elbow. The
radial nerve (RN) is at particular risk
at the distal humerus while placing
external fixator pins, intramedullary
blocking screws, and in lateral ex-

tended approaches.'=3 Surgical pro-
cedures involving the radial head
and neck require special precau-
tion to avoid posterior inteross-
eous nerve (PIN) lesions.*19 Precise
anatomic knowledge of the nerve’s
path is essential to avoid iatrogenic
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injuries.?%11-12 Injuries may be sus-
tained by direct trauma or indirectly
by soft-tissue retraction, impingement
of instrumentation, or suture.!314

The RN pierces the lateral inter-
muscular septum of the arm and lat-
eral border of the humerus from
posterior to anterior at an average
range of 10.2 to 12.5 cm proximal to
the lateral epicondyle.?-!1-12 The PIN
courses along the anterior aspect of
the radial neck; it is located 2.5 to
6.2 cm distal to the radial head de-
pending on position forearm rota-
tion upon different reports.>-¢7-11,15

Strategies to avoid iatrogenic RN
injury during surgery include avoid-
ing dissection too far proximally in
the area of the nerve or alternatively
definitive identification of the RN
and protection. Typically, the au-
thors use the technique described by
Gerwin et al'® for extensile proximal
approaches, in which the posterior
cutaneous nerve of the arm is iden-
tified and traced proximally to its
origin from the RN proper.

Strategies to avoid iatrogenic PIN
injury include limiting the distal
extent of the surgical approach and
positioning the forearm in pronation
or alternatively, identification and
protection of the PIN by dissection of
the supinator brevis muscle.®-10-13.17
Pronating the forearm increases safe
exposure by moving the nerve ante-
riorly and more parallel to the radial
shaft.3,5-7:912,17,18 The shortest dis-
tance from the radiocapitellar joint
to the PIN with the forearm in pro-
nation ranged between 2.9 and
4.5 cm. in different studies®>” This
considerable difference makes it diffi-
cult to predict a safe zone for surgery
without risk of nerve injury. Distance
variation may be due to different
measurement techniques used and
also because of different forearm sizes
within patients or cadavers.

Posterior-

intetosseous
papsas

Photographs showing skin markings of lateral epicondyle, radial head, radial
nerve, and posterior interosseous nerve (A) to demonstrate the two-finger rule

(B) and four-finger rule (C).

The authors of this study use the
two- and four-finger rule to delin-
eate a safe zone for the RN and the
PIN: Two fingerbreadths distal to the
radial head to protect the PIN (two-
finger rule) and four fingerbreadths
proximal from the lateral epicondyle
for the radial nerve (four-finger rule).
In the four-finger rule, the surgeon
applies his fingers to the lateral aspect
of the humerus, placing the hand at
the lateral epicondyle, then measur-
ing the width of the four fingers
proximally to delineate a safe zone
for surgery without risk to the RN.
The two-finger rule is applied by the
surgeon placing his hand on the
proximal lateral forearm at the ra-
diocapitellar joint, and measuring the
width of the index and long finger (ie,
the “two fingers”) distally to define a
safe zone to avoid injury to the PIN
(Figure 1).

Certainly, the surgeon’s own hand
represents a constant for him, whereas
the size of the patient’s arm represents
a variable throughout cases. We
therefore propose to correlate the
size of the patient’s own fingers with
the safe zones for surgery of the RN
and PIN versus the two- and four-
finger rules in this cadaver study.

The purpose of this study is to: (1)
determine whether the two- and four-

finger rule is a reliable and repro-
ducible method of determining a safe
zone for the RN and PIN, (2) measure
the distance of the RN from the lat-
eral epicondyle at three different sites
along the distal humerus where it
might be injured during surgery, (3)
measure the distance of the PIN from
the radiocapitellar joint and lateral
epicondyle at three different locations
where it might be injured during
surgery, and (4) determine whether
there is a relationship between the
diameter of the radial head and cap-
itellum and the distance of the PIN to
the radiocapitellar joint.

Methods

Ten fresh-frozen cadaveric specimens
consisting of the entire upper
extremity from the medial border of
the scapula to the hand and fingers
were obtained with Institutional
Review Board approval through our
tissue repository. There were two
right and eight left upper extremities
from four female and six male speci-
mens with a mean age at the time of
death of 82 years (range, 59 to 103).
No elbows had previous trauma that
could interfere with accurate dissec-
tion and measurements.
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A lateral approach extending from
the distal half of the arm down to the
lateral epicondyle was performed in
all specimens. Careful dissection
between the anterior and posterior
compartment was done to reveal the
RN from where it pierced the inter-
muscular septum to the medial bor-
der of the brachioradialis muscle. A
single investigator used a Vernier
digital caliper (error £0.002 mm) to
take measurements using two deci-
mal places. The distance between the
most prominent point of the lateral
epicondyle and the RN as it emerged
from the intermuscular septum,
anterior border of the humerus, and
mid-lateral portion of the humeral
shaft (three distinct locations where
the RN might be damaged during
surgery) was taken (Figure 2). The
width of the index, middle, ring, and
small fingers (four fingerbreadths)
along the proximal interphalangeal
joints of the same cadaveric speci-
men were measured to assess
whether the four-finger rule would
apply to any of the three distances
described earlier.

The approach was then extended
distally to the proximal third of the
forearm. Deeper dissection was per-
formed simulating an anterior col-
umn approach extending it through
an extensor digitorum splitting
approach.' The supinator muscle
was carefully split and the PIN was
visualized as it crossed the lateral
aspect of the proximal radius. The
distance between the midpoint of the
radiocapitellar joint and the PIN as it
crossed the anterior cortex of the
proximal radius (where retractor
placement might damage the nerve)
and midpoint of the axis of the
radius (where direct injury from
dissection could damage the nerve)
were measured in positions of both
full pronation and full supination.
The distance between the lateral
epicondyle and the PIN as it crossed
the ulnohumeral joint medially was
also measured (where it might be

Figure 2

!

Biceps-brachii?

j Y Il & "

Rk
1 Radial-Nerve®

Photographs showing radial nerve dissection (left) and measurements (right). E-
AH = epicondyle to anterior humeral cortex distance, E-IMS = epicondyle to
intermuscular septum distance, E-MS = epicondyle to the midportion of the

humeral shaft distance

damaged from retraction or dissec-
tion while releasing the anterior
capsule) (Figure 3).

The width of one and two finger-
breadths (index and long fingers) of
the same specimen was measured at
the distal interphalangeal joint level
to assess whether the two-finger rule
would apply to any of the two mea-
surements of the PIN at the radius
either in supination or pronation.

Finally, the diameter of the radial
head in pronation and supination
and the width of the capitellum in the
sagittal plane were measured as well
to see whether there was a relation-
ship between these and the PIN safe
zone.

Statistical Analyses

Descriptive statistics included means
and ranges for continuous data.
Univariate linear regression was used
to assess associations between radial
head diameter, capitellum size, fin-
gerbreadths, and RN and PIN dis-
tances. Statistical significance was set
at P value less than 0.05.

Results

The mean distances between the lat-
eral epicondyle and the RN proxi-
mally at the three sites of interest
(point at which it pierces the intra-
muscular septum, at the mid-lateral
portion of the shaft, and at the ante-
rior humeral cortex) are summarized
in Table 1.

This demonstrated that the four-
finger rule determined a safe zone for
most of the measurements. It was not
safe for four cases in which four-
fingerbreadth distance was shorter
than the distance of the lateral epi-
condyle to the RN as it crossed the
anterior cortex of the humeral shaft.

The distances between the radio-
capitellar joint and the PIN as it
crossed the anterior cortex of the
proximal radius and midpoint of the
axis of the radius are summarized in
Table 2.

Only with the forearm in pronation
did the two-fingerbreadth distance
provide a safe zone for the PIN
crossing the midpoint of the axis of

February 2019, Vol 3, No 2
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RCI-

Photographs showing PIN dissection (left) and distances measured (right). E-
UHJ = epicondyle to ulnohumeral joint distance, PIN = posterior interosseous
nerve, RCJ-AR = radiocapitellar joint to posterior interosseous nerve crossing
anterior cortex, RCJ-MSR = radiocapitellar joint to posterior interosseous nerve

at the midportion of the radial shaft

Table 1

Results Measuring Distance in Millimeters to the Nearest Two Decimal

Places for the Four-Finger Rule

RN
Case E-IMS (mm) E-MS (mm) E-AH (mm) Four FB
1 107.34 70.56 43.40 65.59
2 127.73 94.62 69.99 67.97
3 143.19 96.64 65.71 66.66
4 129.08 93.55 79.59 73.82
5 116.81 72.30 54.41 69.96
6 124.06 99.13 70.72 64.59
7 120.09 115.32 91.91 72.09
8 115.83 98.73 79.63 72.83
9 115.96 95.37 75.91 72.01
10 118.80 101.35 57.35 90.90
Mean (mm) 121.89 91.29 71.33 71.64

E-AH = epicondyle to anterior humeral cortex distance, E-IMS = epicondyle to intermuscular
septum distance, E-MS = epicondyle to humeral midshaft distance, FB = fingerbreadth, RN =

radial nerve

the radius. The two-fingerbreadth
distance did not determine a safe
zone with respect to the PIN crossing
the anterior cortex regardless of fore-
arm position or the midpoint of the axis
of the radius with the forearm in supi-
nation. The distance from the lateral
epicondyle to the PIN as it crossed the
ulnohumeral joint averaged 37.72 mm.
(range, 31.61 to 44.72 mm).

Taking the diameter of the radial
head or width of the capitellum

would provide a safe zone to the PIN
for all cases except for the PIN as it
crosses the anterior cortex of the
radial shaft in supination (Table 2).
There was a trend toward an
increase in the distance of the PIN to
the radiocapitellar joint with an
increase of the size of the radial head
and capitellum width that was sta-
tistically notable for the following
cases: the PIN crossing the midpoint
of the axis of the radius with the

forearm in pronation (P = 0.03) and
supination (P = 0.02) with the radial
head diameter measured in supina-
tion; the PIN as it crossed the ante-
rior cortex with the forearm in
supination and the capitellum
diameter (P = 0.01); the PIN as it
crossed the anterior cortex with the
forearm in supination and radial
head diameter measured in supina-
tion (P = 0.03).

Discussion

Several studies have measured the
distances from different landmarks
to the RN or PIN with a wide range
of variability across series.?¢7>%11
Intuitively, it seems that it would not
be safe to consider a standardized
safe zone distance for every different
individual as these lengths do vary
across series but also according to
the relative size of the arm. More-
over, it is also important to point
out the fact that these distances
will vary not only according to
forearm position but also to which
segment of the bone the nerve is
being measured.

In this study, we determined fixed
parameters, such as two and four
fingerbreadths and the diameter of
the radial head or capitellum width to
serve as guides to determine a safe
zone for the PIN and RN. As both the
RN and PIN have an oblique trajec-
tory along the lateral humerus and
radius, we measured different sites
where these nerves might be damaged
either directly or indirectly during
surgical procedures. We also mea-
sured the average distance of the PIN
from lateral epicondyle as it crosses
the ulnohumeral joint to prevent
injury when deeper dissection to the
anterior capsule is needed. We have
not found this distance reported
before. It might be of interest to sur-
geons, specially while working on the
anterior capsule during soft-tissue
releases for stiff elbows.
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Table 2

Results Measuring Distance in Millimeters to the Nearest Two Decimal Places for the Four-Finger Rule, Radial

Head, and Capitellum Diameters

RCJ-MSR RCJ-AR Radial Head Diameter
Case Pronation Supination Pronation Supination Pronation Supination Capitellum Two FB
1 50.71 32.57 32.01 24.52 27.65 27.81 24.47 32.51
2 33.50 24.39 24.88 13.48 21.38 20.77 22.59 31.18
3 51.11 27.28 40.49 18.47 25.91 25.72 23.80 33.09
4 48.43 34.79 40.43 23.66 27.03 27.54 23.41 34.77
5 41.05 32.15 26.95 22.62 23.17 24.24 23.02 32.28
6 36.01 29.60 28.94 22.38 20.71 23.58 19.43 30.81
7 40.64 33.86 34.34 23.36 24.00 23.75 22.25 36.70
8 42.05 29.75 30.89 22.68 25.02 25.11 24.00 35.56
9 56.72 42.90 40.27 31.87 23.84 30.25 25.53 37.11
10 53.13 39.63 35.54 34.75 25.24 25.96 25.78 33.91
Mean 45.34 32.70 33.47 23.78 24.40 25.47 23.43 33.79

RCJ-AR = radiocapitellar joint to posterior interosseous nerve crossing anterior cortex, RCJ-MSR = radiocapitellar joint to posterior interosseous
nerve at the midportion of the radial shaft, FB = fingerbreadth

The four-finger rule may be applied
as a safe zone rule for the RN at the
intermuscular membrane and mid-
lateral portion of the humerus. While
using this rule, the RN may be injured
along the anterior cortex of the
humerus because this distance is
shorter than that where the nerve
crosses the intermuscular septum or
mid-lateral portion of the humerus.

Clement et al! investigated RN
injury caused by simulated percuta-
neous placement of external fixator
half pins in humerus in a cadaver
study. A direct injury to the nerve
was observed in 4 of 40 placed half
pins. In a study using 70 cadavers,
Kamineni et al,> suggested that the
transepicondylar distance projected
proximally along the lateral humeral
shaft, from the lateral epicondyle,
defines the absolute safe zone for pin
placement. The authors suggest that
inter-individual variations can be
taken into account with this tech-
nique. Based on the results of our
study, we would advise surgeons
that sliding over the anterior cortex
or aiming the pin anteriorly while
placing distal humerus pins or

blocking screws should be avoided
because the RN is closer to the epi-
condyle in this area.

The two-fingerbreadth rule only
provides a safe zone for the PIN
crossing the midpoint of the axis of
the radius with the forearm in pro-
nation. Caution should be taken
with this technique as the nerve was
less than 2 mm distal to the two-
fingerbreadth measurement from the
radiocapitellar joint even with the arm
in pronation in one case. The two-
fingerbreadth distance does not deter-
mine a safe zone with respect to the PIN
crossing the anterior cortex. Using the
radial head diameter or capitellum
width as a parameter determined a safe
working area in every case except for
the anterior cortex of the radius while
the forearm was in supination.

PIN palsy after elbow surgery is a
dreaded complication. Most of the
time it is transient, which suggests
that it may be caused by trac-
tion.!3:142021 If the nerve is not
directly seen on the surgical field,
gentle traction must be applied while
retractors are placed on the anterior
cortex of the radius.

An absolute safe zone for the PIN
has not been determined yet. What
we do know for sure is that forearm
pronation increases the PIN safe zone
area of the proximal radius from a
lateral approach.3-5-7-%:12,17,18

In 2010, Cox et al'! reported that
the PIN crossed the radial neck at
an average of 10% of the radius’s
complete length. This relationship
gives us a more precise estimate of
an individual’s PIN location ac-
cording to the radial length. In the
same study, the distance between
the lateral epicondyle and the RN
at the intermuscular septum aver-
aged 38% of the humeral length.

In our study, we were able to
determine that in most cases as the
radial head diameter and cap-
itellum size increases, so does the
distance of the PIN to the radio-
capitellar joint. We have found this
as an association, but not as a cor-
relation to predict the exact dis-
tance where the nerve would cross
the radial neck. We have not found the
same association regarding finger-
breadths and RN and PIN distances.
This might probably be because of soft-

February 2019, Vol 3, No 2
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tissue variations surrounding inter-
phalangeal joints.

Limitations to our series are related
to the cadaveric nature of our study.
First, we took measurements on
cadaveric specimens where there was
no elbow trauma. During surgical
approaches in the injured elbow, the
normal anatomy and relationships
are often altered by the trauma. Sec-
ond, the fact that measurements were
made on fresh frozen cadaveric fin-
gers would also likely give a smaller
value that what would be expected
in a living patient, due to loss of soft
tissue turgor. Third, the length of
one’s finger may be related to his or
her stature. The width of their fingers
may vary according to their occu-
pation or other factors. We do not
know the previous occupation that
the cadavers were involved in to draw
further conclusions.

Calfeeetal®® showed in a cadaveric
study simulating forearm trauma
that after an osteotomy, the position
of the PIN was largely unaffected by
forearm rotation and that radial
head excision and proximal migra-
tion of the radius resulted in the PIN
crossing the radius closer to the ra-
diocapitellar joint across all forearm
positions. In addition, in a cadaver
specimen, muscle tension is not the
same as in a surgical patient where the
measured distances might be slightly
modified from the ones measured.

Conclusion

When exposing the distal humerus or
proximal radius with a posterolateral
exposure, careful nerve dissection is
the best way to avoid iatrogenic in-
juries. While doing percutaneous
procedures to the distal humerus or
limited exposures on the proximal
radius, the four-finger rule, two-
finger rule, and radial head diameter
or capitellum size may predict a safe
zone for the RN and PIN except for
the segment of the nerve where it

crosses the anterior cortex of each
bone. Special precaution should be
taken while placing anterior re-
tractors to avoid traction injuries.

A larger diameter of the radial head
and larger capitellum size is associ-
ated with larger PIN safe zones but
does not guarantee it. Our series,
concordant with previous studies,
demonstrates that pronation will
always increase the PIN safe zone
area when using a lateral approach to

the radial head.
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