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Abstract

Purpose of Review Proximal femur fractures are common traumatic injuries treated by orthopedic surgeons. Preparation and
positioning for surgical intervention are critical in the proper management of proximal femur fractures. The purpose of this study
was to review the current evidence on the various positioning options for patients and to highlight the principles and emerging
techniques to help orthopedic surgeons treat this common injury.

Recent Findings Strategic patient positioning is key to the reduction and fixation of proximal femur fractures without compli-
cations. The use of intramedullary devices for the fixation of proximal femur fractures has led to an increased use of the modern
fracture table. The fracture table should be used when surgeons are facile with its use to avoid significant complications. Recent
best available evidence has suggested increased risk of malrotation associated with the use of the fracture table. The use of the
radiolucent table offers the most flexibility, but limits surgeons as multiple assistants are needed to maintain reduction during
fixation.

Summary Positioning for proximal femur fractures is an important technique for general and trauma orthopedic surgeons.
Surgeons need to be aware of the various techniques for positioning of proximal femur fractures due to the diversity of injury
patterns and patient characteristics. Each positioning technique has it benefits and potential complications that every orthopaedic
surgeon should be familiar with while treating these injuries.
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decompensation, and perioperative mortality [3]. While plan-
ning for early fixation, the surgeon must consider coexisting
goals of operative time, predicted blood loss, and minimiza-
tion of soft tissue trauma. This is especially true for
polytrauma patients with either multiple extremity injuries or
trauma to the head, chest, or abdomen. Safe management of
polytrauma patients involves active coordination with all in-
volved services in order to ensure preoperative stabilization
and postoperative resuscitative management [4].

Options for fixation of proximal femur fractures have
changed dramatically over the past century. The dynamic
hip screw was one of the early devices designed to treat
intertrochanteric hip or valgus impacted femoral neck frac-
tures [5]. Fixation of proximal femur fractures with a dynamic
hip screw is still a viable and cost-effective method particular-
ly for stable fracture patterns. Initial femoral intramedullary
fixation began with straight rods, before contoured
intramedullary devices and cephalomedullary devices were
introduced [6].

Intramedullary nailing is now considered the standard of
care for most femoral shaft fractures, while most
peritrochanteric hip fractures are treated with a dynamic hip
screw or an intramedullary hip screw, depending on stability
and integrity of the lateral femoral cortex [7]. Intramedullary
fixation is associated with efficient operative time and imme-
diate return to weight bearing in most patients [8¢]. The mod-
ern fracture table and the development of mobile fluoroscopy
have greatly aided efficient and accurate fixation with
intramedullary devices. For fractures that are not amenable
to intramedullary fixation, plate fixation remains a viable op-
tion. While intramedullary fixation remains the gold standard
for most fractures, these principles may need to be modified in
the setting of severe fracture comminution, unstable
polytrauma, intracranial injuries, or severely open fractures

[9].

The Orthopedic Fracture Table

The fracture table, also known as a traction table, was de-
scribed as early as 1913, as a means to “afford reliable support
and traction of the lower limbs in the treatment of fractures
[10].” Modern fracture tables consist of a central body with a
perineal post to hold the patient’s upper body against axial
traction, and articulating arms that allow for the manipulation
of the lower extremities. These tables have become popular
not only for lower extremity orthopedic trauma, but also for a
variety of procedures including hip arthroscopy and
arthroplasty [11]. This often enables a single surgeon to com-
plete an operation with fewer assistants [12]. Once a patient
has been positioned on the table, the injured leg may be taken
through a common series of maneuvers to aid in fracture re-
duction and locked into position.

A patient may be placed in a variety of positions on a
fracture table, including supine in hemilithotomy position,
supine with both legs extended, lateral with the operative leg
elevated, or prone. For most hip and femur fractures, the first
two positions are used; these are described below. Table 1

Supine in Hemilithotomy

A standard fracture table with two articulating arms for
the lower extremities is used. A boot is placed on the
injured leg, and the patient is transferred to the fracture
table. A well-padded perineal post is placed, and the pa-
tient is seated firmly against the post with care to prevent
genitalia entrapment. The patient’s upper body should be
abducted above the pelvis away from the fractured side;
this will facilitate passage of instruments at the fracture
site. Excess pannus may be taped at this time. A folded

Table1  Advantages and disadvantages of each common intraoperative
patient position
Position Advantages Disadvantages
Fracture table, No need for assistant to Risk of perineal injury,
hemilithot- pull traction compartment syndrome,
omy Efficient if well-versed or nerve injury
with table Table is expensive
Imaging easy to obtain Cannot compare leg
rotation
Unsuitable for obese
patients

Fracture table, No need for assistant to
well leg pull traction
straight Efficient if well-versed
with table
Imaging easy to obtain
Can compare leg
rotation/alignment
Supine on Table universally available Requires assistant to pull
radiolucent  Protect unstable spine, traction
table pelvis
Address multiple
orthopedic injuries
Facilitate simultaneous
procedures with other
surgical services
Good for obese patients
Allows mobilization of
open fractures
Can compare leg
rotation/alignment
Lateral on Table universally available Imaging more challenging
radiolucent Improves exposure for Requires assistant to pull
table obese patients traction
Allows mobilization of Cannot compare leg
open fractures rotation
May result in improved
reduction

Risk of perineal injury

Unsuitable for obese
patients

Table is expensive
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sheet is used to both pad a seatbelt strap and to immobi-
lize the ipsilateral arm across the body. The contralateral
well leg is placed in a padded leg holder, then elevated,
externally rotated, and abducted into a hemilithotomy po-
sition. External rotation of the well leg allows the image
intensifier to be brought between the legs for an anterior
to posterior view of the hip and then the beam rotated to
horizontal for a lateral view (Fig. ).

Once a patient is positioned, the image intensifier may
be brought into position prior to draping, and the fracture
may be reduced through manipulation of the extremity.
Valgus impacted femoral neck fractures may not need a
reduction or may be addressed with judicious application
of traction and hip adduction to correct an exaggerated
valgus head-neck angle. For intertrochanteric hip frac-
tures, reduction is typically obtained via traction, internal
rotation, and adduction of the leg. Comminuted
peritrochanteric femur fractures may present a greater
challenge, with translation of the distal femur anterior or
posterior to the proximal fragments. In this case, a small
accessory portal may be made lateral to the fracture line,
and a Cobb elevator, bone reduction forceps, or similar
instrument used to directly reduce these fragments. Once
the surgeon is satisfied with the reduction, the extremity is
locked in place, the image intensifier is withdrawn, and a
sterile drape may then be placed across the well leg to
avoid contaminating the image intensifier during the case.
The patient is then draped either with a single large plastic
sheet or with split extremity drapes in standard fashion.
Supplementary S1, S2, S3.

Supine with Well Leg Extended

Initial setup is identical to the supine hemilithotomy position
(see Fig. 1). The patient is transferred to the fracture table with
boots on both feet. The patient’s upper body is positioned as
above, with the arm ipsilateral to the injury adducted and
secured. Once positioning is satisfactory, the well leg is either
kept neutral at the hip or is extended 15-20 degrees below the
level of the injured leg to allow for orthogonal views of the
distal and mid-femur (Fig. 2). Tension is taken off the well leg,
and the leg may be locked at this point or left free to move. As
with the hemilithotomy position, fracture reduction may be
obtained at this point, followed by draping in standard fashion.
This patient position has the advantage of appropriately posi-
tioning the pelvis against the perineal post allowing for appro-
priate access to intramedullary nail insertion which is
highlighted in Fig. 3 adopted from Kasha et al.

Complications from the Fracture Table

Fracture tables are associated with significant known compli-
cations [11]. Perineal complications, including pudendal
nerve palsy and skin sloughing, are well described in the or-
thopedic literature [11, 13—16]. Brumback et al. reviewed the
outcomes of 106 patients who were treated for femoral frac-
tures via a fracture table and found a linear relationship be-
tween the force of applied traction and the incidence of pu-
dendal nerve palsy [17]. Total time in traction is likewise
related to nerve palsy and soft tissue breakdown [11].
Erectile dysfunction, testicular trauma, and genital hematoma

Fig. 1 Supine hemilithotomy position with injured extremity in traction, adducted, and well-leg abducted and externally rotated to allow space for the

image intensifier
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Fig. 2 Supine position with well-
leg extended still giving space for
the image intensifier

have also been observed [18-20]. Fortunately, most perineal
injuries including neural compromise are transient and resolve
within weeks to months [16, 18].

Compartment syndrome is a real and potentially devastat-
ing complication unique to the hemilithotomy position. In this
position, both the hip and the knee are flexed to roughly 90
degrees. Excessive knee flexion has been shown to dramati-
cally increase intracompartmental pressures within the leg [21,
22]. The effects are worse in obese patients, when full flexion
of the knee causes increased soft tissue pressures due to inter-
posed fatty tissue posterior to the knee [21, 22]. Excessive hip
and knee flexion is unnecessary to obtain necessary imaging,
as judicious external rotation of the well leg will allow passage
of the image intensifier between the legs. Given the risk of
compartment syndrome, the hip and knee should be flexed to
the minimal degree necessary to allow for appropriate imag-
ing. The biggest risk factor for developing compartment syn-
drome is excessive surgical time, a relationship that has been

Fig. 3 Adopted from Kasha

et al.’s “Management of
Subtrochanteric fracture by nail
osteosynthesis: a review of tips
and tricks” (International
orthopaedics 44.4 (2020): 645—
653). (A) demonstrates the pelvic
tilt with the contralateral limb in
the hemilithotomy position
compared to (B) with the pelvic
tilt achieved with the contralateral
limb extended in the traction boot,
which allows for intramedullary
nail insertion [6]

widely reported across multiple surgical specialties using the
lithotomy position, including urology, gynecology, and colo-
rectal surgery [23-25]. Some authors have suggested that dur-
ing extended surgeries, the well leg may be fully extended
periodically to allow for decrease in pressures along with im-
proved perfusion [11].

Sciatic and peroneal nerve palsies are also noted complica-
tions of the hemilithotomy position [26¢, 27]. This may be due
to flexion of the well hip to 90 degrees, without compensatory
knee flexion past 90 degrees, thereby tensioning the sciatic
nerve and giving rise to traction related nerve injury.
Attention should be paid to positioning such that the knee is
compensatorily flexed to account for hip flexion and
neurovascular tension.

The fracture table may involve increased operative time
compared to a standard radiolucent table. Sonmez et al. ran-
domized 82 patients with unstable intertrochanteric hip frac-
tures to a fracture table versus lateral decubitus position on a
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standard table. All patients were treated with a semi-open
approach to the fracture. The authors found that both operative
and fluoroscopic time were increased in the cases done using a
fracture table [28]. This delay may be due in part to the learn-
ing curve associated with both the surgeon and room staff
gaining familiarity with how to use this equipment.

Use of a fracture table is also associated with
malrotation. This frequently occurs when internally rotat-
ing the hip while finding the starting point, with subse-
quent failure to adequately externally rotate the distal leg
to neutral, or when rotating the leg to place distal
interlocking screws [12]. The risk of malrotation is higher
with the well leg in hemilithotomy position, as gross ro-
tation of bilateral lower extremities cannot be assessed.
Accurate femoral rotation may be achieved via obtaining
preoperative imaging of the well leg lesser trochanter pro-
file relative to a true anterior-posterior film of the distal
femoral condyles. These films are compared to the oper-
ative leg intraoperatively prior to distal interlocking screw
placement to ensure symmetric rotation with the well leg.

Patient Selection for the Fracture Table

Use of a fracture table is best suited to a patient with a rela-
tively straightforward, closed intertrochanteric fracture pat-
tern, with no injuries of the trunk or extremities that would
preclude fracture table use. The patient should be non-obese,
allowing for adequate imaging and preventing injury to the
perineum or suspended extremities due to excessive weight-
related traction. It can be obtained with no injuries of the
ipsilateral or contralateral extremity that would preclude frac-
ture table use. The surgeon should elect to use the fracture
table for cases where a shorter operative time is anticipated.
This is especially true for the hemilithotomy position, where
prolonged knee flexion should be avoided due to risks of
compartment syndrome or nerve palsy. The well leg should
be examined to ensure adequate abduction, flexion, and exter-
nal rotation at the hip. If the well leg cannot be brought into
satisfactory elevation, the well leg should be kept extended as
previously described.

Importantly, the surgeon should be comfortable with
using the fracture table. The surgeon may request the ta-
ble if minimal assistance is available to hold traction. In
such a case, the surgeon may obtain fracture reduction
under fluoroscopic guidance preoperatively, then lock
the leg in place, prepare and drape the operative site,
and complete the operation singlehandedly. If the surgeon
anticipates rotational malalignment, such as in a femoral
shaft fracture with circumferential cortical comminution,
both legs should be kept straight and a clear plastic drape
used, thereby allowing gross visual examination of sym-
metrical alignment and rotation.

@ Springer

Supine on a Radiolucent Table

When treating a patient with a proximal femur fracture on a
radiolucent table, the patient will be first transferred to the
radiolucent table. In our institution, we prefer the use of a
Flat Jackson Table. A rolled sheet will be placed underneath
the ipsilateral sacrum and lumbar spine to elevate the ipsilat-
eral hip. The image intensifier will be brought in from the
contralateral side. The entire lower extremity will then be
prepared and draped in the usual sterile fashion (Fig. 4). If
the patient has multiple injuries, the contralateral or ipsilateral
extremity may be draped accordingly to allow a single prepa-
ration for the treatment of multiple injuries.

Proponents of proximal femur fixation supine on a radio-
lucent table state that the use of this technique allows the
treatment of multiply injured patients without transfer [12,
30]. In the case of a polytrauma patient, multiple surgical
specialists may be involved, and the use of a fracture table
can be problematic [30]. The radiolucent table allows the
preparation of multiple orthopedic injuries in one setting.
The use of a fracture table would necessitate the transfer of
the patient to a table between operations and repeat prepara-
tion and draping [12, 30]. Other advantages of the radiolucent
table include avoiding the risk of a pudendal nerve palsy, well
leg compartment syndromes, skin sloughing over the peroneal
region, and in a polytrauma patient avoiding continuous trac-
tion in a patient with an unstable spine or pelvic ring injury
[12, 30]. These complications are particularly relevant in the
morbidly obese trauma population. Given an epidemic of obe-
sity faced by many hospitals, the standard radiolucent table
may be a preferred or necessary option for the management of
these patients [11].

The use of manual traction for fracture reduction has been a
long debated topic. The use of manual traction has required
the use of an additional assistant. Other investigators have
clearly defined the use of a femoral distractor for fracture
reduction with intramedullary nailing [31, 32¢]. However, re-
ports have shown that the use of the femoral distractor al-
though successful requires significantly longer operative
times and is technically more demanding [32¢]. The use of
manual traction has been proven to have shorter operative
times when compared to the use of a fracture table. In a ran-
domized controlled trial, Stephen et al. demonstrated that the
use of manual traction on a radiolucent table when compared
to use of a fracture table decreased operative time by approx-
imately 20 min and improved the quality of reduction in fem-
oral shaft fractures [12].

In proximal femoral shaft fractures or subtrochanteric frac-
tures, the use of the radiolucent table allows the entire injured
limb to be available, and this affords the surgeon access to
assess limb alignment and rotation. The image intensifier
can be used to image the contralateral extremity and compare
rotational profiles. If the fracture table is used and the patient
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Fig. 4 Polytraumatized patient
positioned supine on a radiolucent
table with the contralateral limb
flexed at the hip with slight
external rotation in a leg-holding
device in order to allow for
adequate space for the image
intensifier to obtain orthogonal
imaging of the entire femur.
Images reprinted with permission
from Gosling and Krettek [29]

has the contralateral extremity flexed, the position of the two
limbs cannot be compared [12]. Evidence has demonstrated
that quality of fracture reduction is improved with the use of
the radiolucent table when compared to the fracture table [12].

Finally, standard radiolucent tables are both versatile
and ubiquitous. In a resource limited environment, an or-
thopedic surgeon may not have access to a designated
fracture table for the treatment of proximal femur frac-
tures. Similarly, small community hospitals may be un-
able or unwilling to afford a fracture table for a limited
case volume. While new technology such as dedicated
fracture tables may decrease the need for assistants or
aid in the management of particular fracture patterns, we
believe that it is important for every orthopedic surgeon to
be fluent in the use of a standard radiolucent table for the
treatment of proximal femur fractures.

Patient Selection

The use of the radiolucent table can be used for a wide variety
of patients and is not limited by many of the constraints of the
fracture table. The radiolucent table can be used for obese
patients, in situations where a fracture table may not be avail-
able, for polytrauma patients with either multiple orthopaedic
or non-orthopaedic related injuries, open or complex fractures
that need mobilization of the lower extremity for reduction
and for severely comminuted fractures in which assessing
alignment and rotation may be difficult. The general orthope-
dic surgeon should be well versed and trained to use the ra-
diolucent table for fixation of proximal femur fractures.

Lateral Decubitus on a Radiolucent Table

While the popularity of supine patient positioning has led to
the gradual decline in intramedullary nailing of the proximal
femur in the lateral position, there are instances in which lat-
eral patient positioning may be preferable.

At our institution, once general or neuraxial anesthesia has
been administered, the patient is transferred to a radiolucent
flat-top table without a central pedestal, such as a Flat Jackson
Table. The fractured extremity is positioned superiorly, and
patient positioning is maintained with a bean bag, pegs on a
peg board, or other appropriate positioning aids. Care is taken
to ensure that the operative extremity can be fully ranged to
allow for unimpeded fracture reduction maneuvers. All bony
prominences are well padded, a safety strap is applied, and the
operative leg is prepped and draped in the usual sterile fashion
from the iliac crest to the distal knee. The image intensifier
may be brought in from either side of the patient; however, it
is our preference that the intensifier be placed on the side
opposite the surgeon. An assistant can be utilized to pull man-
ual traction by standing at the foot of the bed, grasping the
ankle with both hands, and using his or her body weight to
apply longitudinal traction utilizing a “water ski maneuver”
[33].

Challenges inherent in obtaining intraoperative fluorosco-
py are a known potential disadvantage of lateral positioning.
The lateral view is obtained by shooting downward through
the table, while the anteroposterior view is obtained by rotat-
ing the C-arm under the table. When obtaining lateral images,
Carr and colleagues recommend adjusting the tilt of the inten-
sifier to be parallel to the femoral neck axis, approximately
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10° to 20° off of vertical [33]. If lateral views remain
obstructed due to overlap of the contralateral leg, the operative
extremity may be repositioned anteriorly until adequate imag-
ing is obtained. Ozkan and colleagues highlight the advan-
tages of intramedullary nailing in the lateral decubitus position
shown in Fig. 5.

There are several advantages to performing intramedullary
nailing of proximal femur fractures in the lateral position.
First, the starting point can be easily obtained, even in over-
weight and obese patients, as the excess soft tissue displaces
away anteriorly and posteriorly from the starting point due to
the force of gravity. If open reduction is necessary, most open
approaches to the hip and proximal femur are not impeded
[35]. Additionally, because the hip is flexed during the proce-
dure, iatrogenic damage to the abductors can be minimized or
negated by placing the intramedullary nail posterior to the
gluteus medius [33, 36]. Furthermore, it is easier to counteract
the deforming forces causing flexion and abduction of the
proximal fracture fragment when the patient is positioned lat-
erally, as the hip can be flexed as much as is required to
overcome the force of the iliopsoas [33]. Some evidence sug-
gests that neutralizing deforming forces and utilizing manual
traction in the lateral decubitus position may result in more
accurate fracture reduction and femoral rotation [37]. Similar
to placing a patient supine on a fracture table, lateral

positioning avoids the costs inherent in obtaining and becom-
ing facile with a fracture table. Lateral positioning may be
utilized even in profoundly resource-limited settings.

Patient Selection

Lateral intramedullary nailing of proximal femur fractures may
be preferred in obese patients without contraindications to lat-
eral positioning. In one study comparing antegrade nailing of
obese (BMI > 30) versus non-obese (BMI < 30) patients,
Tucker et al. demonstrated a 52% increase in operative time
and a 79% greater average radiation exposure time in the obese
patient cohort, likely due in part to difficulty with obtaining an
appropriate starting point [38]. Sonmez et al. similarly reported
a statistically significant decrease in mean operative and fluo-
roscopic time when comparing patients treated with proximal
femoral nailing in the lateral decubitus position with those pa-
tients treated supine on a fracture table [28]. Overall, the ability
to treat proximal femur fractures in the lateral position is an
important addition to the armamentarium of the orthopedic sur-
geon and may contribute to improved patient outcomes if uti-
lized in appropriate patient populations.

Lateral patient positioning should not be used in multiply
injured patients or those patients with unstable spine injuries
[33]. Care must be taken to ensure that all bony prominences

Fig. 5 mages adopted from Ozkan et al.’s “Proximal femoral nailing
without a fracture table” (European Journal of Orthopaedic Surgery &
Traumatology 20.3 (2010): 229-231). (A) demonstrates the lateral
positioning with padded posts to maintain a lateral decubitus position.

@ Springer

(B) and (C) demonstrate the image intensifier appropriately positioned
with the operative extremity positioned anteriorly for adequate lateral
imaging [34]
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are well padded to avoid possible peroneal nerve palsy of the
down leg. Proper rotation of the nail upon entry should be
closely scrutinized, as the nail can oftentimes be rotated pos-
teriorly if the anterior displacement done to facilitate reduction
is not accounted for [33]. The majority of reports on proximal
femoral nailing in the lateral position demonstrate satisfactory
reduction; however, reports of increased rotational
malalignment do exist [39].

Recommendations

Strategic patient positioning is key to the reduction and fixation
of proximal femur fractures and is the focus of this review. At
our institution, proximal femur fractures comprise a significant
proportion of traumatic orthopedic injuries and are managed by
several trauma and general orthopedic surgeons. Patients are
initially evaluated for isolated injuries versus polytraumas.
The presence of significant other extremity orthopedic injuries
often precludes use of a fracture table, as does the need for
simultaneous operative management by additional surgical ser-
vices. Additional factors including the presence of open inju-
ries, comminution, patient obesity, lengthy anticipated surgery,
and need for symmetric evaluation of both legs further dictate
choice of patient positioning (see Fig. 2).

We recommend that the fracture table is employed when the
surgeon is facile with its use and the patient is non-obese with
an isolated, simple, closed fracture. Ideal candidates are valgus
femoral neck fractures, intertrochanteric femur fractures, or
closed, minimally comminuted subtrochanteric femur fractures.
Care should be taken to avoid excessive flexion of the well hip
or knee to avoid risks of compartment syndrome and sciatic or
femoral nerve injury. Excessive traction should be avoided, and
surgery should be conducted efficiently. If surgical delay oc-
curs, the well leg may be extended periodically. Should the
surgeon wish to compare lower extremity symmetry, the frac-
ture table may be used with both legs supine and a clear drape
system used with bilateral knees and feet visible.

For the multiply injured patient, we recommend principles
of damage control orthopedics and initial resuscitation, as well
as close coordination with other surgical services. Supine on a
standard radiolucent table offers the most flexibility for ab-
dominal and thoracic exposure, as well as for treatment of
multiple ipsilateral or bilateral lower extremity injuries. The
surgeon must have the assistance of one and often two oper-
ative assistants to hold traction distally as well as assist at the
fracture site. The supine position allows for protection of un-
stable spine and pelvis fractures and potential simultaneous
percutaneous instrumentation of the latter. Adequate imaging
may be obtained with an image intensifier as previously
discussed. To aid in both fracture fixation and imaging, the
patient may be bumped with a roll of linen beneath the ipsi-
lateral hip. The standard radiolucent table is our table of

choice for the morbidly obese patient and for open or exten-
sively comminuted fractures where mobilization of the oper-
ative leg is essential. On a standard table, morbidly obese
patients may be addressed in the lateral decubitus position,
allowing excess soft tissue to fall away from the surgical site.

Conclusion

Proximal femur fractures represent a large portion of traumatic
injuries treated by the general and trauma orthopedic surgeon.
There are multiple historic and common techniques for patient
positioning. These techniques are variable based on injury pat-
tern, concomitant injuries, and patient BMI to name a few fac-
tors. Each positioning technique has potential complications as
well as an ideal patient and injury population. The treating ortho-
pedic surgeon should have familiarity with multiple methods of
operative positioning and thus have a broad armamentarium with
which to address proximal femur fractures in any patient.
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material available at https://doi.org/10.1007/s12178-021-09710-x.
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