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ABSTRACT

Objectives. One of the most widely used cephalomedullary devices for unstable peri-trochanteric fractures is the Proximal
Femoral Nail Antirotation (PFNA). Adequate reduction and fixation are crucial to achieving ideal function and fracture union.
Many factors can contribute to the ease of reduction; one of these is the positioning technique. Numerous reports have addressed
the advantages and disadvantages of the positioning techniques for antegrade femoral nailing. This study aimed to compare
the quality of fixation, adequacy of reduction, bony union, and functional outcomes in PFNAs done in the lateral decubitus and
supine position.

Methodology. This study was a retrospective cohort study conducted at the Philippine Orthopedic Center. Adult male and female
(21 to 65 y/0) patients who underwent open reduction with a PFNA either in the supine or lateral position were included in this
study. Thirty-nine (39) patients were identified, where six were lost to follow-up, and four did not have retrievable postoperative
radiographs. A total of 29 patients were included. The data were analyzed using the T-test in two population means and Fisher’s
Exact Test.

Results. At a 95% level of confidence, the study showed no significant differences in the distribution of Tip-Apex Distance (TAD),
adequacy of reduction, and bony union at six months post-operatively between the lateral and supine position. In contrast, there
was a significant difference in the distribution of the Cleveland index score. Regarding the Harris Hip Score (HHS), there was also
a significant difference in the average score between the two groups, but all had an excellent functional outcome.

Conclusion. The preferred surgical position for performing an open reduction and fixation with a PENA remains controversial.
This study showed that the surgical position did not affect the TAD, adequacy of the reduction, and bony union. All patients
from both groups had excellent functional outcomes at six months post-operatively, but the lateral position group had superior
Cleveland index scores. Surgery with the PFNA in the lateral decubitus position can be performed in small rural hospitals that
lack a fracture table. With proper surgical technique, this may be safe, executable, and may benefit more patients with peri-
trochanteric fractures.
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surgeons because of their anatomical peculiarity. This is an

Peri-trochanteric fractures are fractures occurring between
the extracapsular part of the neck to a point 5 cm distal to
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devices in unstable fractures. One type of cephalomedullary
device is the Proximal Femoral Nail Antirotation (PFNA).
The Proximal Femoral Nail is a promising minimally invasive
implant, with better biomechanical stability, minimum soft
tissue dissection, minimal blood loss, minimal infection,
and wound complications.*® This surgical treatment aims to
provide stable fixation that allows an early range of motion.
However, proper placement of the blade is essential to avoid
the risk of screw or blade cut-out. The tip of the blade should
be 10 mm from the joint line in the anteroposterior and lateral
projections. This corresponds to a tip-apex distance (TAD) of
20 mm. A study by Nikoloski et al., suggested that the optimal
TAD for a PFN is between 20 to 30 mm. Another way of
assessing the quality of implant placement is the Cleveland
index. This assesses the position of the compression screw
of a PFN and the helical blade of a PFNA. A center-center
or center-inferior placement of the compression screw or
helical blade is considered optimal.®

The Harris Hip Score (HHS) was developed to assess
functional outcomes following hip surgery and is intended
to evaluate various hip disabilities and treatment methods in
an adult population. The domains covered are pain, function,
absence of deformity, and range of motion. The pain domain
measures pain severity and its effect on activities and the need
for pain medication. The function domain consists of daily
activities (stair use, using public transportation, sitting, and
managing shoes and socks) and gait (limp, support needed, and
walking distance). Deformity considers hip flexion, adduction,
internal rotation, and extremity length discrepancy. Range of
motion measures hip flexion, abduction, external and internal
rotation, and adduction.

It is also essential to assess the bony union objectively. The
University of Toronto and McMaster University teams
developed the radiographic union score for hip (RUSH)
which increases agreement among surgeons and radiologists
in assessing fracture repair. The RUSH is a standardized
radiographic assessment of hip fracture union based on
callus bridging and the appearance of the fracture line. It may
provide prognostic information that could predict healing
outcomes in patients with hip fractures.”

Adequate reduction and fixation are crucial to achieving
ideal function and radiographic healing post-operatively.
Many factors can contribute to the ease of reduction; one of
these is the positioning technique. Numerous reports have
addressed the advantages and disadvantages of the positioning
techniques for antegrade femoral nailing. The supine position
on a fracture table offers sustained longitudinal traction
without the need for an assistant, and circumferential access
to the injured extremity. However, it is difficult to establish
the correct starting point and to accommodate obese patients
and patients with multiple injuries.* Complications include
pudendal nerve neuropraxia, erectile dysfunction, perineal
sloughing due to continuous traction, pressure necrosis, and
compartment syndrome of the opposite leg.” A study by
Ganjale et al., stated that it was difficult to reduce comminuted
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subtrochanteric fractures (where different fragments and
segments are being pulled by strong muscles around the hip)
in the supine position. This caused prolonged operative time,
higher risks of conversion to open technique, more bleeding,
higher chances of infection, and longer anesthesia time.*

In contrast, in the lateral position, the muscles around the hip
are relaxed, and the distal limb is free for easier mobilization.
Reduction and fixation of proximal femoral fractures in the
lateral position with fluoroscopy in rural hospitals that lack
a fracture table may be executable and probably safe.'® Aside
from this, the lateral position allows improved access to both
the piriformis fossa and the trochanteric entry points in
obese patients and allows conversion to an open approach.
Also, there was no significant difference in the functional
outcome and out-of-bed activity time in the lateral position
compared to the supine position.®

The Proximal Femoral Nail Antirotation (PFNA) is widely
used in our setting. To our knowledge, there are no local
studies published about peri-trochanteric fractures treated
with PFNA in the lateral decubitus position, and the
choice of position is solely surgeon-based. There have been
international studies concerning the complications brought
about by the supine position. The lateral decubitus position
does not require a fracture table, (so it can be used in primary
hospitals), avoids additional set-up time, and is easier to convert
to open reduction.

OBJECTIVES

The objectives of this study were to compare the quality of
fixation (tip-apex distance and Cleveland index), adequacy of
reduction, bony union, and functional outcomes in PFNAs
done in the lateral decubitus position and supine position.
We also aimed to describe the incidence of complications and
difficulties (malreduction, non-union, screw malrotation,
difficulty in establishing an entry point, pudendal nerve
neuropraxia, perineal sloughing, and compartment syndrome
of the contralateral leg, helical blade cut-out) encountered.

METHODOLOGY

This study was a retrospective cohort conducted at the
Philippine Orthopedic Center (POC). Convenience sampling
through records review of the patient census was done to
acquire a sample of patients with peri-trochanteric fractures
(from trauma and adult orthopedic services at the Philippine
Orthopedic Center) who underwent open reduction and
internal fixation with PFNA between January 01, 2018 and
December 31, 2020. The participants were nonrandomly
assigned to two groups — lateral or supine position — as the
attending physician saw fit. A total sample size of at least 18
patients (n = 17.48), 9 patients for each treatment group, was
calculated based on a 5% level of significance (95% level of
confidence) and a 6.4% coeflicient of variation, with a margin
of error of at most 0. Specifically, the sample size, N, was
computed using the following formula:
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n=[(Z,,CV)/e]

a/2
where Z /I8 the tabular value at alpha level of significance;
CV is the coeflicient of variation (usually <0.10); € is the
margin of error.

After IRB approval, we included patients based on the
following criteria: 1) adults (21 to 65 years old), 2) patients
who underwent open reduction PFNA either in the supine
or lateral position, and 3) patients with unstable type
intertrochanteric fractures with or without subtrochanteric
extension and subtrochanteric fractures (AO/AOTA 31A2,
31A3,32A1, 32A2, 32A3 and 32B2). Patients with significant
co-morbid conditions (American Society of Anesthesiologists
Physical Status classification III-V), open peri-trochanteric
fractures, polytrauma patients, and patients with pathologic
fractures were excluded from this study. Thirty-nine (39)
patients were included in the study, where six were lost to
follow-up, and four did not have any retrievable postoperative
radiographs on the picture archiving and communication
system (PACS). A total of 29 patients were included.

Demographic characteristics were taken, such as age, gender,
height, weight, BMI, comorbidities, the timing of surgery,
injured side (laterality), intraoperative blood loss, and intra-
operative time.

Surgical technique
Patient position and reduction of the fracture:

Supine positioning

The patient was positioned supine on a fracture table. The
ipsilateral arm was elevated in a body strap or taped to the
trunk while the uninjured leg was secured on a leg holder.
The torso was pushed 10° to 15° to the contralateral side to
ensure that the ipsilateral hip was in an adducted position

PFNA in Peri-trochanteric Fractures in Lateral Decubitus and Supine Position

(Figure 1). After positioning, the surgical site was prepared
aseptically, and sterile drapes were then applied. The fracture
was exposed, reduced, and fixed using a direct lateral approach.

Lateral positioning

The patient was positioned in a lateral position on a
radiolucent top operating table, with the fractured limb on
top and freely movable at the hip. Trunk-supporting bolsters
were placed anteriorly and posteriorly and were well secured
with body straps to stabilize the patient in a lateral position,
(Figure 2A). The C-arm was placed contralateral to the
surgeon (Figure 2B). To avoid any bony overlap on the lateral
view, the contralateral hip was maximally flexed with the knee
in 90 degrees of flexion. After positioning, the surgical site
was prepared aseptically, and sterile drapes were then applied.
The fracture was exposed (Figure 3), reduced (Figure 4), and
fixed using a direct lateral approach.

Insertion of the nail

The C-arm was used to guide nail insertion (Figure 5). In the
AP view, the nail insertion point was on the tip or slightly
lateral to the tip of the greater trochanter. The guidewire was
inserted laterally at an angle of 6° to the shaft. In the lateral
view, the guidewire was placed in the center of the medullary
canal to a depth of about 15 cm.

A cannulated drill bit was used over the guidewire to open
the entry point; reaming was done manually through the
protection sleeve. The nail was then inserted manually.
The guidewire for the helical blade was then inserted
superomedially, using the C-arm for positioning. The final
position of the guidewire was at the inferior part of the femoral
neck. In lateral view, the wire was positioned in the center of
the femoral neck. The correct screw length was indicated on
the measuring device and calculated to end approximately 5
mm before the tip of the guidewire. A hole was drilled, and
the femoral neck helical blade was inserted (Figure 6). Distal

Figure 1. Supine position. (A) Patient placed on a fracture table with both leg secured with contralateral hip flexed and abducted.
(B) Placement of the perineal post.
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Figure 2. Lateral positioning with placement of a bolster to secure the body (A); contralateral hip maximally flexed (under the

green plastic drape) and positioning of the C-arm (B).

A

Figure 3. Direct lateral approach preoperative
surgical markings.

locking screws were then placed. After proper placement of
the nail, copious washing and hemostasis were done. Surgical
wounds were primarily closed, and a dressing was applied.

Outcome measures (TAD, Cleveland index, adequacy of
reduction, bone union, and functional outcome at six months
post-operatively) were recorded and compared.

Quality of fixation

The quality of fixation was assessed using the tip-apex distance
for PFN described by Nikoloski et al., and the Cleveland
index by Cleveland et al. They suggest that a tip-apex distance
for helical blade-based proximal femoral nails should be

Figure 4. Direct reduction of the fracture using bone clamps.

20 to 30 mm. A TAD of less than or equal to 20 results in a
possible axial cut-out (medial migration), and a TAD of
more than or equal to 30 mm results in a cephalad cut-out.
The Cleveland index was used to assess the position of the
compression screw in PFN and the helical blade in PFNA. A
center-center or center-inferior placement of the compression
screw or helical blade was considered optimal.'*

Adequacy of reduction

Adequate reductions were defined as displacements less than
S mm and angulations deviating less than 10 degrees from
the normal neck-shaft angle."
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Table 1. Demographic and clinical characteristics of patients by treatment group

Characteristics

Lateral decubitus position

Supine position

Table 2. Average scores of quality of
reduction and functional outcome

Lateral Supine
Mean = SD Mean * SD
Tip-apex 21.69 £35 222575

distance (mm)

Harris hip score | 9224 +52 9470 34

(points)

Mean+SD/n % Mean+*SD/n %
Sex, n (%)
Male 9 69.2 14 87
Female 4 30.8 2 12
Age, Mean * SD 50.77 £13 38.69 =11
Height, Mean £ SD 160.08 = 8 167.06 =10
Weight, Mean = SD 64.00 =10 61.94 £ 10
BMI, Mean £ SD 2477 £2 22252
Comorbidities, n (%)
Normal health 9 69.2 9 5
Mild systemic disease 3 231 5 3
Diabetes 1 7.7 1 6.3
Missing 0 0 1 6.3
Intraoperative time, Mean * SD 158.62 = 51 171.6 = 60
Intraoperative blood loss, Mean £ SD 80846 + 410 785.6 = 742

Figure 6. Final placement of the helical blade on AP (A) and lateral view (B) (lateral group).
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Table 3. Distribution of categorical outcomes

Viennah B. Condor and Patrick H. How

i Lateral decubitus position Supine position
Categorical outcomes
Count Percentage (%) Count Percentage (%)
TAD
Acceptable 9 69.2 7 438
Not acceptable 4 30.8 9 56.3
Cleveland Index
Optimal 13 100.0 9 56.3
Sub-optimal 0 0.0 7 438
Adequacy of reduction
Acceptable 12 923 " 68.8
Not Acceptable 1 77 5 313
Bone union (RUSH score)
Complete bony union 10 76.9 15 93.8
Inadequate bony union 3 231 1 6.3
Table 4. Result of T-test and Fisher’s exact test
Outcomes Test P Interpretation
Tip- apex distance Fisher’s exact test 0.2642 Not significant
Cleveland index Fisher’s exact test 0.0084 Significant
Harris hip score T-test 0.0001 Significant
Adequacy of reduction Fisher’s exact test 01834 Not significant
Bone union (Rush score) Fisher’s exact test 0.2994 Not significant

Bony union at six months post-op

The RUSH score assesses four component scores of cortical
bridging, cortical disappearance, trabecular consolidation,
and trabecular disappearance. The four cortices (anterior,
posterior, medial, lateral) were each given a score from 1 to
3 for cortical bridging, and a score from 1 to 3 for cortical
fracture disappearance. Trabecular consolidation and
trabecular disappearance were each given a score of 1 to 3. The
maximum score is 30 (perfect healing) and the minimum score
is 10 (no signs of healing).”

Functional outcome six months post-op

Functional outcome was assessed using the Harris Hip
score at six months post-op. A score of <70 indicates a poor
outcome, 70-79 fair, 80-89 good, and 90-100 excellent.

Complications encountered during the follow-up period
such as infection, non-union, implant failure, and pudendal
nerve injury were documented.

Statistical analysis

Descriptive statistics such as counts, percentages, means,
and standard deviations were used to describe patients'
demographic and clinical characteristics in each treatment
group. After the data for each population were gathered,
the data were analyzed using the T-test procedure in two
population means and Fisher’s exact test assuming that the
data gathered follows a normal distribution.

RESULTS

Most patients in both groups were male (70% for the lateral
group, and 88% for the supine group). On average, patients

29

in the supine group were younger (mean, 39 years old vs
51 years old), slightly taller, weighed slightly less, and had
slightly lower BMIs. Few patients had mild systemic disease.
The mean intraoperative time was 158.62 minutes for the
lateral group, while it was 171.63 minutes for the supine
group. Intraoperative blood loss was higher for the lateral
group, albeit with high variability. One patient in the supine
group experienced pudendal nerve palsy postoperatively that
completely resolved after three months.

The results showed no significant differences in the average
TAD scores for the supine group (21.69 mm) compared to
the lateral group (22.25 mm) (Table 2). However, a higher
percentage of patients in the lateral group had an acceptable
TAD (69.2% vs 43.8%, p = 0.2642), Cleveland index (100%
vs 56.3%, p = 0.0084), and adequacy of reduction (92.3% vs
68.8%) compared to the supine group (Table 3). The supine
group had higher RUSH scores (93.8% vs 76.9%, p = 0.2994)
and Harris Hip scores (p = 0.0001).

DISCUSSION

Davis et al. in 1969 used the lateral position to facilitate
reduction and exposure for the first time in intertrochanteric
and subtrochanteric fractures of the femur. Ozkan et al.
used this position for proximal femoral nailing in 2010, and
Connelly et al., for complex proximal femur locked plating
in 2012." In our study, the lateral position group had shorter
intraoperative times. This is consistent with other studies that
reported difficulties in reducing the fragments in supine on a
fracture table. The difficulties were attributed to the pull of
strong muscles around the hip, specifically in subtrochanteric
fractures. In the lateral position, all the muscles around the

hip are relaxed, and the affected limb is freely draped and
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movable. Muscular forces around the hip in the sagittal
plane are more effectively neutralized in the lateral position,
whereas the coronal plane forces are easily neutralized with a
firm pillow between the legs.”* Although placing the patient
on a fracture table gives the advantage of sustained traction
with less manpower, the lateral position offers the advantage
of moving the distal segment to align with the proximal freely
with gentle longitudinal traction. In contrast to other studies,
our lateral position group had more intraoperative blood
loss. This may be due to the difficult reduction in chronic
fractures, requiring a longer incision for better exposure.

This study had eight overweight patients managed in the lateral
position and two in the supine position. A higher average BMI
was reported in the lateral group, as this position may have
been chosen by the surgeon to facilitate nail insertion. In the
supine position, it is difficult to insert a nail and jig assembly
for obese patients or patients with a sagging abdomen.

There were no significant differences in the TAD, adequacy
of reduction, and six-month bony union. In this study,
no incident of cut-out was recorded, even in patients with
unacceptable TAD. We noted significant differences in the
Cleveland index and Harris Hip Scores. All patients in the
lateral position group had a center-center or center-inferior
helical blade placement. Despite the significant difference in
terms of the HHS, the average score of each group was >90,
which was excellent. There was also one reported case of
pudendal nerve palsy in the supine position group due to a
prolonged intraoperative time due to the perineal pressure on
the fracture table.

CONCLUSION

The preferred surgical position for open reduction PFNA
remains controversial. Regardless of the position, the main
goal is still to achieve a good reduction with stable fixation and
early return to pre-morbid function. This study shows that
the surgical position did not affect the TAD, adequacy of the
reduction, and bony union. All patients from both groups had
excellent functional outcomes at six months postoperatively,
but the lateral position group was superior in terms of the
Cleveland index.

Performing PFNA in the lateral decubitus position can be
safely and effectively done in small rural hospitals without a
fracture table, potentially benefiting more patients with peri-
trochanteric fractures.

Limitations of this study include the lack of follow-up for most
patients, lack of randomization, different senior surgeons, and
a short follow-up period. We also did not consider the fracture
configuration in our analysis. A randomized controlled trial

PFNA in Peri-trochanteric Fractures in Lateral Decubitus and Supine Position

with an increased sample size is recommended to strengthen
the power of this study.

STATEMENT OF AUTHORSHIP

All authors certified fulfillment of ICMJE authorship criteria.
AUTHORS DISCLOSURE

The authors declared no conflict of interest.

FUNDING SOURCE

None.

REFERENCES

1. Joglekar SB, Lindvall EM, Martirosian A. Contemporary management
of subtrochanteric fractures. Orthop Clin North Am. 2015;46(1):
21-35. PMID: 25435032 DOI: 10.1016/}.0¢l.2014.09.001

2. Forward DP, Doro CJ, O’Toole RV, et al. A biomechanical comparison
of a locking plate, a nail, and a 95° angled blade plate for fixation
of subtrochanteric femoral fractures. J Orthop Trauma. 2012;26(6):
334-40. PMID: 22241399 DOI: 101097/BOT.0b013e3182254ea03

3. Court-Brown CM, Heckman JD, McQueen MM, Ricci W, Torneta P Il
eds. Rockwood and Green's fractures in adults. 8th ed. Philadelphia:
Wolters Kluwer Health; 2015.

4. Saudan M, Lubbeke A, Sadowski C, Riand N, Stern R, Hoffmeyer P.
Pertrochanteric fractures: is there an advantage to an intramedullary
nail?: a randomized, prospective study of 206 patients comparing
the dynamic hip screw and proximal femoral nail. J Orthop
Trauma. 2002;16(6):386-93. PMID: 12142826 DOI: 10.1097/00005131-
200207000-00004

5. Schipper IB, Steyerberg EW, Castelein RM, et al. Treatment of
unstable trochanteric fractures. Randomised comparison of the
gamma nail and the proximal femoral nail. J Bone Joint Surg Br.
2004;86:86-94. PMID: 14765872

6. Nikoloski A, Osbrough A, Yates P. Should the tip-apex distance (TAD)
rule be modified for the proximal femoral nail antirotation (PFNA)?
A retrospective study. J Orthop Surg Res. 2013;8:35. PMID: 24135331
PMCID: PMC3853127 DOI: 10.1186/1749-799X-8-35

7. Kooistra BW, Dijkman BG, Busse JW, Sprague S, Schemitsch
EH, Bhandari M. The radiographic union scale in tibial fractures:
reliability and validity. J Orthop Trauma. 2010;24 (Suppl 1):S81-6.
PMID: 20182243 DOI: 10.1097/BOT.0b013e3181ca3fd1

8. Sonmez MM, Camur S, Erturer E, Ugurlar M, Kara A, Ozturk . Strategies
for proximal femoral nailing of unstable intertrochanteric fractures:
lateral decubitus position or traction table. J Am Acad Orthop Surg.
2017;25(3).:e37-44. PMID: 28134676 DOI: 10.5435/ JAAOS-D-15-00691

9. Ozkan K, Cift H, Akan K, Sahin A, Eceviz E, Ugutmen E. Proximal
femoral nailing without a fracture table. Eur J Orthop Surg
Traumatol. 2009;20(3):229-31. DOI:10.1007/s00590-009-0550-7

10.  Ganjale SB. Long PFN nailing in comminuted high subtrochanteric
fractures femur in lateral position on ordinary table. Indian J Orthop
Surg. 2018;4(3):273-81. DOI: 10.18231/2395-1362.2018.0054

1. van Belle G, Martin DC. Sample size as a function of coefficient
of variation and ratio of means. Am Stat. 1993;47(3):165-7. DO
10.1080/00031305.1993.10475968

12.  Cleveland M, Bosworth DM, Thompson FR, Wilson HJ Jr, Ishizuka
T. A ten-year analysis of intertrochanteric fractures of the femur. J
Bone Joint Surg Am. 1959;41-A:1399-408. PMID: 13849408.

13.  Connelly CL, Archdeacon MT. The lateral decubitus approach
for complex proximal femur fractures: anatomic reduction and
locking plate neutralization: a technical trick. J Orthop Trauma.
2012;26(4):252-7. PMID: 22048187 DOI: 10.1097/BOT.0b013e31821e0b2d

Disclaimer. All articles and materials published in PJO are solely those of the authors. Statements and opinions
expressed by authors do not represent those of the editor/s of the Philippine Journal of Orthopaedics or of its

publisher, the Philippine Orthopaedic Association.

https://philjorthopaedics.org | Vol. 39 No. 1 May 2024



