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Comparison of osteoporotic intertrochanteric fracture
fixation using a proximal femoral nail with a helical blade
and lag screw type proximal femoral nail
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The aim of the study was to compare clinical and radiological results between the helical
blade lag screw (proximal femoral nail antirotation II [PFNA II]) and the traditional lag screw
(Zimmer Natural Nail [ZNN]) in the operative treatment of osteoporotic femur intertro
chanteric fractures. We selected 182 patients who could be observed for at least 1 year from
among 352 patients who received surgical treatment for osteoporotic isolated femur
intertrochanteric fractures between January 2013 and December 2016. The PFNA II was
applied in 110 cases, and the ZNN in 72 cases. We evaluated operation time, bleeding
amount, quality of reduction, tip apex distance, bone union time, sliding distance, and lag
screw position. The mean operation times and bleeding volumes were respectively 38
minutes and 224 mL for PFNA II, and 42 minutes and 234 mL for ZNN. The quality of
reduction was good, acceptable, and poor in 71%, 25%, and 4% for PFNA II, and 68%, 31%,
and 1% for ZNN, respectively. The mean tip apex distances, bone union times, and sliding
distances were respectively 21.1 and 20.7 mm, 12.4 and 12.9 weeks, and 4.2 and 3.9 mm.
The lag screw position was acceptable and poor in 95% and 5% for PFNA II, and 97% and
3% for ZNN, respectively. The design of the lag screw did not influence the surgical outcome
in the osteoporotic isolated femur intertrochanteric fractures. Therefore, choice of the
proximal femoral nail can safely be made according to surgeon preference.
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INTRODUCTION

trauma such as in slip down in patients with underlying osteoporosis. The principle of treating such injury is performing

Intertrochanteric fracture is one of the most common pelvic

prompt operation for early ambulation and rehabilitation of

injuries in the elderly population, with a prevalence 26.8 per-

the patient [2–4]. For fracture fixation, historically, two instru-

sons per 100,000 population (16.9 males and 36.8 females) [1].

ments are used, the sliding hip screw and proximal intramed-

The fracture occurs from high-energy impact in the younger

ullary nail (proximal femoral nail) [5,6]. While both instru-

population but is commonly derived from simple low-energy

ments have been shown to have excellent outcomes, a trend
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toward using the proximal femoral nail has been observed in

these patients, 18 were treated with a sliding hip screw, and

the modern era owing to its ease of application, shorter surgi-

those who underwent intertrochanteric fracture fixation us-

cal time, and superior biomechanics [7–11]. As the prevalence

ing a proximal femoral nail constitute the basis of our study

of intertrochanteric fracture is high, numerous innovations

(Fig. 1). The patients’ mean age was 80.47 years (range, 65

have been made to improve the outcome by modifying the

to 98 years). The patients included 62 men and 120 women.

instrument design. One of the greatest changes occurred in

In all the patients, dual energy X-ray absorptiometry was

the lag screw design, the portion of the proximal nail that is

performed for measurement of bone mineral density and

used to fixate the femoral head portion. Currently, two types

the diagnosis of osteoporosis was confirmed. Simple pelvic

of lag screw is commonly being used, one having a helical

anteroposterior radiography and computed tomography were

blade (HB) design and the other having a traditional lag screw

used to classify the fractures according to AO classification.

(TLS) design. Both were designed so that the implant may

Of these patients, 110 had operation using the HB design

have better purchase to the cancellous femoral. Although the

(proximal femoral nail antirotation II [PFNA II]; Synthes, Paoli,

HB design has been shown to have superior outcome in bio-

Switzerland); and 72, using the TLS design (Zimmer Natural

mechanics study, controversies exist in clinical setting [12–14].

Nail [ZNN]; Zimmer, Warsaw, IN, USA).

To our knowledge, only a few studies have compared the two

The demographics of the two groups are listed in Table 1.

designs, of which most are reports of only a few cases. There-

All the operations were performed by two consulting sur-

fore, in this study, we compared the clinical results of the

geons. The choice of implant was made according to the

intertrochanteric fracture fixation using the HB and TLS de-

preference of the surgeon and the availability of the implant

signs. Herein, we are report the result along with a literature

at the time of surgery. In all the cases, the operation was per-

review.

formed in the supine position on a regular operation table,
without a fracture table. By using hospital records, the op-

MATERIALS AND METHODS

eration time, total bleeding volume, and transfusion volume
were recorded. On the postoperative radiograph, the quality

From January 2013 to December 2016, 412 patients visited

of reduction and appropriateness of the lag screw position

Chosun University Hospital and were diagnosed as having

were assessed by two orthopedic surgeons. For the reduction

intertrochanteric fracture. The inclusion criterion for the

quality, classification by Fogagnolo and colleagues [15] were

present study was patients with only isolated intertrochanteric

used, and for lag screw position, the Cleveland index and tip

fractures that occurred from low-energy trauma. Using this

apex distance were used [16,17]. In addition, protrusion of the

criterion, 352 patients were retrieved from our database. Of

lag screw at the lateral femoral cortex was assessed by mea-

Inclusion criteria (n=352)
- Isolated femur intertrochanteric fracture
- Age of >65 years
- Low-energy trauma
- Osteoporosis, T score of <2.5
Exclusion criteria (n=170)
- Pathological fracture (n=8)
- Sliding hip screw (n=18)
- Other proximal femur intramedullary
devices (n=9)
- Arthroplasty (n=39)
- Follow-up loss, <12 months (n=96)
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Group A (n=110)

Group B (n=72)

Patients who underwent surgery using
proximal femoral nail antirotation II

Patients who underwent surgery using
Zimmer Natural Nail

Fig. 1. Patient enrolment flow diagram.
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Table 1. Demographic data of the patients
Variable
Age (y)
Sex
Male
Female
Bone mineral density (T-score)
Neck shaft angle (degrees)
AO type
A1
A2
A3
Follow-up period (mo)
ASA class
I
II
III
IV

Group A (n=110)
80.8 (65 to 94)
34
76
–3.34 (–2.5 to –6.4)
125.8
37
51
22
19 (12 to 48)
26
49
35
0

Group B (n=72)

p-value

79.2 (65 to 98)

0.78
0.81

28
44
–3.48 (–2.5 to –5.8)
126.4

0.64
0.99
0.42

23
35
14
21.8 (12 to 34)

0.58
0.35

14
29
29
0

Values are presented as median (range) or number only. Group A: proximal femoral nail antirotation, helical blade design. Group B: Zimmer Natural
Nail, traditional lag screw design. ASA: American Society of Anesthesiologists.

suring the distance from the lateral femoral cortex to the end
of the lag screw head (Fig. 2). The patients were followed up
for a mean of 1.6 years from surgery, until full bone healing
or reoperation for variable reasons. Mean bone healing time

A

was measured, and any complications that occurred during
the follow-up period were recorded, including implant failure,
nonunion, and infection. The statistical analysis was performed using the IBM SPSS ver. 20.0 statistical software (IBM

B

Co., Armonk, NY, USA). Each variable was recorded as mean
and standard deviation. The Student’s t-test was performed
to compare the continuous variables of the two groups, while
the chi-square test was performed for nominal variables. All
statistical analyses were conducted with an alpha value of 0.05,
where p-values of <0.05 were considered statistically significant.

RESULTS

Fig. 2. Protrusion distance (A–B) of the lag screw. It was assessed
by measuring the distance from the lateral femoral cortex (A) to the
end of the lag screw head (B). The sliding distance of the proximal
fragment was defined as the difference in the distance (A–B) before
and after surgery.

The mean time to operation was 3.4 days (range, 0 to 14
days) from the time of injury (3.4 and 3.5 days for the HB

the TLS group. No significant difference was found between

and TLS groups, respectively; p=0.91). The operation time

the two groups when the quality of reduction was subdivided

was slightly less in the HB group but did not show statisti-

into Evans classification (stable vs. unstable fracture). In addi-

cal significance. No significant differences in total bleeding

tion, no significant difference was found in terms of lag screw

volume and transfusion were found between the two groups.

position in the two groups (Table 2). In the follow-up, lag

The quality of reduction was good, acceptable, and poor in

screw cutout, backout, and other failures were observed in 1,

71%, 25%, and 4% for the HB group, and 68%, 31%, and 1% for

11, and 5 cases in the HB group, and 1, 10, and 3 in the TLS
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Table 2. Comparison of postoperative results
Variable
Time from injury to operation (d)
Operation time (min)
Bleeding (mL)
Transfusiona
Quality of reduction
Good
Acceptable
Poor
Tip apex ditance (mm)
Bone union time (wk)
Sliding distance of the proximal fragment
Lag screw positionb
Acceptable
Poor

Group A (n=110)

Group B (n=72)

p-value

3.4
38.8±15.1 (27 to 59)
224.7±151.2 (50 to 700)
3

3.5
42.5±14.3 (35 to 51)
234.8±137.9 (50 to 650)
1

0.91
0.51
0.94
0.88
0.43

78
28
4
21.1±3.4 (14 to 29)
12.4 (10 to 16)
4.2±1.4 (1.2 to 9.7)
104
6

49
22
1
20.7±2.6 (16 to 33)
12.9 (11 to 14)
3.9±1.3 (2.5 to 19.2)

0.35
0.72
0.09
0.86

70
2

Values are presented as mean±standard deviation (range) or number only. Group A: proximal femoral nail antirotation, helical blade design. Group
B: Zimmer Natural Nail, traditional lag screw design. aThe number of patients who received transfusion. bAcceptable was defined as Cleveland
zones 5, 6, 8, and 9; poor, as zones 1, 2, 3, 4, and 7.

group, respectively. While a trend toward more lag screw fail-

ous biomechanical studies have simulated the effect of the

ure was observed in the TLS group, this did not reach statisti-

two lag screw types and concluded that the HB is superior to

cal significance. Nonunion occurred in 2 cases overall, with

the TLS in terms of resisting rotation and translation displace-

no significant difference between the two groups.

ment [24]. However, the clinical studies suggest otherwise. A
study by Kim et al. [25] compared the two types and reported

DISCUSSION

no significant superiority of one type of lag screw. The study
compared PFNA II (HB) and Gamma 3 (TLS), and reported

The results of the present study indicate that while a trend

complications in 4 HB cases and 3 TLS cases. Another study

toward more operation time and lag screw cutout was ob-

by Kim and Shon [18] reviewed the results in 40 patients who

served in the TLS, the results of the two proximal nail types

had intertrochanteric fracture fixation using the two designs

were comparable [18]. The proximal femoral nail has been

and reported similar results.

recognized as a treatment of choice for intertrochanteric

The study has been replicated by several different surgical

fracture owing to its short operation time and excellent bio-

groups, which showed consistent results that the outcomes of

mechanical design, which enables immediate rehabilitation

the two designs are comparable. Theoretically, the HB design

of the patient after surgery [19]. The traditional design of the

should provide better stability because the cancellous bone is

proximal femoral nail has a lag screw to fixate the femo-

preserved [12]. As the biomechanical study demonstrated, we

ral head. While the result has been optimal, the number of

also agree that HB may be superior in the laboratory setting.

potential complications has been reported, which includes

However, in real practice, the stability of the fixation is at-

screw cutout, loosening, Z-effect, and lateral thigh pain at the

tributed by multiple factors such as the quality of the fixation,

insertion point of the lag screw [20–23]. To minimize these

adequacy of the screw placement, patient weight, and bone

potential complications, a newer lag screw design has been

quality. As the previous clinical study included only a small

developed by several industrial corporations. ZNN was de-

number of patients for assessment, we decided to perform the

signed so that the lag screw is slightly larger than the previous

study with a large study cohort to minimize the effect of the

design to enable more bone purchase during the fixation. On

confounding factors. Nonetheless, our study shows compa-

the other hand, PFNA uses the HB design, which, instead of

rable results, indicating that the design of the lag screw does

inserting a threaded screw, uses blow to directly wedge the

not influence the surgical outcome.

HB into the cancellous portion of the femoral head. Numer-
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The study had a retrospective design, and the choice of the

trolled trials. ScientificWorldJournal 2013;2013:805805.

implant was not selected randomly. Nevertheless, to our

8. Carulli C, Piacentini F, Paoli T, Civinini R, Innocenti M. A

knowledge, this is the largest series to compare two lag screw

comparison of two fixation methods for femoral trochanteric

designs for intertrochanteric fracture fixation in the clinical

fractures: a new generation intramedullary system vs sliding
hip screw. Clin Cases Miner Bone Metab 2017;14:40-7.

setting. We believe our study provides sufficient evidence to

9. Parker MJ. Trochanteric hip fractures. Fixation failure com-

confirm that using the contemporary proximal femoral nail

moner with femoral medialization, a comparison of 101 cases.

will result in optimal outcome regardless of lag screw design.
Therefore, choice of the proximal femoral nail can safely be
made according to surgeon preference.
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