
 

                                               International Journal of Research in Orthopaedics | January-February 2024 | Vol 10 | Issue 1    Page 1 

International Journal of Research in Orthopaedics 

Prakash V et al. Int J Res Orthop. 2024 Jan;10(1):xxx-xxx 

http://www.ijoro.org 

Original Research Article 

Comparative study of functional and radiological outcomes of the usage 

of two devices, derotation type cephalomedullary nail and the helical 

blade type in unstable intertrochanteric fractures in the geriatric 

population at a tertiary-level center 

Vishal Prakash1*, Neelu Singh2, Govind Kumar Gupta1, Vinay Prabhat1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Intertrochanteric fracture is a common osteoporotic 

fracture among elderly populations in an aging society.1-3 

Early surgical fixation on these aging patients has been 

proposed recently for early rehabilitation and has had a 

positive impact on reducing comorbidities.4-6 

Femoral pertrochanteric fractures are associated with a 

high rate of mortality in the first year after the event.7 For 

unstable fractures, intramedullary implants generally 

present biomechanical advantages over their 

extramedullary counterparts.7,8 The dynamic hip screw, 

which has become the gold standard treatment of stable 

fractures, was found to be inappropriate to treat the 

unstable class of intertrochanteric fractures.9 For fixation 

of unstable fractures, the use of an intramedullary nail 

coupled with a dynamic femoral head/neck stabilization 

implant is the ideal method.10 Over time, various designs 

of nails incorporating a single compression screw or a 

compression screw coupled with an antirotating screw like 

the PFN, have become popular for treating unstable 

fractures. Biomechanical studies have proven that the 

helical blade, by compaction of cancellous bone around it 
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because it is inserted without reaming, has superior 

resistance to rotation and varus collapse.11 

The entry point plays an important role in acceptable 

reduction, stable fixation, and avoiding implant-related 

complications.12,13 It has been suggested in a study that 

lateral entry point causes damage to the gluteus muscle 

tendon while reaming of intramedullary nail insertion. The 

study on anatomy of greater trochanter has concluded that 

entry point should be at the rear tip to accommodate the 

implant in proximal femoral medullary canal curvature.14 

To achieve good quality of fixation and minimal damage 

to the gluteus medius, the entry point for PFNA-2 should 

be 5 mm medial to the greater trochanter tip. The lateral 

entry point showed more cases with lateral cortex 

impingement as compared to medial entry.15 

Clinical studies have also shown that osteoporosis is 

associated with inferior outcomes in intertrochanteric 

fractures.16 Therefore, various methods are being used in 

attempt to improve fixation in osteoporotic 

intertrochanteric fractures, including cement augmentation 

and improvements in implant design.17 

Baumgaertner et al proposed the concept of tip-apex 

distance (TAD), which describes the optimal position of 

the lag screw in intertrochanteric fracture surgery.18 It has 

been widely accepted that a lag screw or helical blade with 

a TAD ≤ 25 mm has a lower risk of devastating 

complications, like screw cutout or fixation failure.19,20 In 

order to achieve a TAD ≤ 25 mm, the lag screw or helical 

blade should be inserted close to the bisector of the femoral 

head and femoral neck, which could be termed as the 

center-center position. Biomechanical evidence revealed 

that an inferior-center position of the lag screw or helical 

blade had comparable strength to the center-center 

position in both extramedullary and intramedullary 

implants.21-23 An inferior-center position of the lag screw 

or blade with an increased TAD would not increase the 

fixation failure rate irrespective of the types of implants 

used, as compared with the center-center position. This 

was because of greater postoperative neck-shaft angle 

(valgus reduction) for those with the lag screw or blade 

placed inferiorly. A valgus reduction might produce a 

biomechanically stable environment for the hip joint. 

Objective of study is to assess the functional and 

radiological outcomes according Harris hip scoring 

systems, Cleveland’s index, Parker’s ratio and compare 

them in PFN group vs PFN-A2 group and also compare 

the incidence of complications in each group. 

METHODS 

The study was a 2 years prospective comparative study 

from 1st December 2020 to 1st December 2022 conducted 

in the department of orthopaedics, Rajendra institute of 

medical sciences, Ranchi, Jharkhand, India. Total number 

of patients were 50, PFN done in 25 cases and PFN-A2 in 

another 25 cases. 

Inclusion criteria 

Patients with age >50 years and both sexes, cases of 

unstable trochanteric fractures (Boyd and Griffin type II, 

III, IV), closed fracture and oOsteoporotic fractures (Singh 

index ≤ 3) were included in study. 

Exclusion criteria 

Compound fractures, stable trochanteric fractures (Boyd 

and Griffin type I), patient with associated ipsilateral lower 

limb injuries hindering the postoperative weight bearing, 

patients with severe OA knee, patients having neurological 

co-morbidities and non-ambulant patients were excluded 

from study. 

According to the AO classification, type 31-A1.1, 1.2, 1.3, 

and 2.1 were classified as stable fracture patterns while the 

rest types of 31-A were classified as unstable ones. 

The quality of the reduction was categorized into three 

grades based on a modification of the method developed 

by Baumgaertner et al.18 The first criterion used was a 

normal or slightly valgus neck-shaft angle (130° to 150°) 

on the AP view and an angulation < 20° on the lateral view. 

The second criterion used was the presence of a <4 mm 

displacement of any fragments in the AP and lateral views. 

A reduction was categorized as good if both criteria were 

met, acceptable if only one criterion was met, and poor if 

neither criterion were met. 

The lag screw tip position in the femoral head was 

classified by the Cleveland index.24 

Singh’s index was used to grade the radiographs for the 

degree of osteoporosis.25 A rough judgment of the nail 

angle was decided as per the position of the center of the 

femoral head and the tip of the greater trochanter on the 

normal side. If the tip of the greater trochanter is higher, 

which means a coxa vara, an angle of 130° was selected.  

All nails were available in 9-, 10-, and 11-mm diameters. 

Long nails were available in lengths from 340 to 420 mm. 

Short nails were available in lengths of 180 and 250 mm. 

Helical blades were available in 70 mm to 120 mm lengths. 

The reduction was held by inserting guide wires in the 

anterosuperior quadrant of the head and neck, keeping in 

mind the trajectory of future nail. Adduction was done 

(which now occurs at the hip joint rather than at the 

fracture site) to make the greater trochanter more 

prominent and palpable (in obese patients) for the entry of 

the nail and checked under the C-arm. Entry was made 

with an awl at the medial sloping edge of the greater 

trochanter (medial to the tip of the greater trochanter). A 

guide wire was inserted into the femoral shaft. Reaming of 

the femur was done with the reamer provided with the set 

in the sizes 8-9-10-11-12. Proximal reaming with a 

proximal reamer of size 15 mm was done before the 

insertion of the nail. A proper-size nail was inserted with 
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the zig in a routine manner. For neck screws, first, the 

distal guide wire was inserted (parallel to the lower border 

of the neck) followed by the proximal one. In the case of 

PFNA2 likewise, a guide wire was inserted through the 

center of the femoral head up to the subchondral bone. 

First, the 6.4 mm derotation screw was inserted followed 

by the 8 mm hip screw (mind the concept of the TAD). The 

screws were finally tightened after releasing the traction. 

This principle helps to prevent the Z-effect or reverse Z-

effect (if we do not release the traction before tightening 

the screws, on transfer from the fracture table, the screw 

will back out). For PFNA2, a helical blade of proper size 

was impacted in an unlocked state, and compression of 5 

mm was achieved after final positioning and releasing the 

traction. Distal locking was done as per the surgeon's 

choice (both static and dynamic versus only distal 

dynamic) with 4.9 mm locking screws. Usually, when the 

surgeon wants some micromotion on mobilization, only 

the distal dynamic option is selected. 

Ethical approval done. 

Statistical tool 

Excel software and Microsoft words were used to analyse 

the data. Percentage was calculated for qualitative data. 

RESULTS 

Mean age is 64.4 years in PFN group as compared to 67.3 

years in PFNA2 group. PFN-A2 was done in 84% male 

while PFN in only 76% male and in both groups right side 

was mostly affected. Average surgery time, amount of 

blood loss, average number of C-arm shoot were more in 

PFN group. Even post operative hospital stay was more in 

PFN group, 84% cases of PFN-A2 and76% cases of PFN 

were showing signs of union by 16 weeks. Mean Harris 

Hip score was better in PFN-A2 group. 

Although parkers ratio was correlating with the Cleveland 

index, it wasn’t found to be a reliable indicator of Implant 

related complications. Patients with parkers ratio less than 

50 % and Cleveland index as 8, were found to have good 

functional outcome. 

Most of the patients had nail protrusion height les than 5 

mm. Similarly, on comparing neck shaft angle with the 

normal side, a variation of more than 10° was noted only 

in 5 case of PFN and 2 cases of PFN- A2. TAD was mostly 

in range of 20-30 mm in our study. We had 1 case each of 

broken implants in both the groups. Z effect was found in 

8% cases of PFN. And there was 1 case of screw cut out in 

PFN-A2 group. 

Figure 1 shows pre op X-ray of 81 years old female. In this 

case PFNA2 was done. This reduced time of surgery in this 

old lady. In figure 3, 75 years old male fracture of 

trochanteric region was present. This case was also treated 

by PFNA2. Figure 5 shows intertrochanteric fracture in 63 

years old female and treated by PFN. Figure 7 shows pre 

op X-ray of IT fracture in left hip which treated by PFN. 

Table 1: Age, sex and side distribution. 

Variables PFN (%) PFN-A2 (%) 

Mean age (In years) 64.4  67.3   

Male 19 (76) 21 (84) 

Female  6 (24) 4 (16) 

Right  14 (56) 15 (6) 

Left  11 (44) 10 (4) 

Table 2: Result summary. 

Variables PFN PFN-A2 

Avg surgery time (Min) 61.3   50.5 

Average blood loss (ml) 165.7 120.9 

Average no. of C-Arm 

shots 
49.1 41.8 

Post op hospital stay 

(Days) 
12.3  10.1  

Radiological union at 6 

months (%) 
91.1 100 

Table 3: Union time. 

Week  PFN, n (%) PFN-A2, n (%) 

Upto 10 weeks  5 (20) 6 (24) 

10-16 weeks  14 (56) 15 (60) 

>16 weeks  6 (24) 4 (16) 

Table 4: Mean Harris hip score at different time 

interval postoperatively. 

HHS score at PFN  PFN-A2 

6 weeks  79.22 83.75 

3 months  83.98 84.60 

6 months  85.20 86.46 

Table 5: Tip apex distance. 

Variables PFN, n (%) PFNA2, n (%) 

<20 mm 4 (16) 3 (12) 

20-30 mm 16 (64) 15 (60) 

>30 mm 5 (20) 7 (28) 

Table 6: Cleveland index. 

Variables PFN, n (%) PFN-A2, n (%) 

Optimal position 

(5 and 8) 
17 (68) 19 (57) 

Suboptimal 

position (1-9) 
8 (32) 6 (24) 

Table 7: Parkers ratio. 

Variables PFN, n (%) PFN-A2, n (%) 

<50 18 (72) 15 (60) 

>50 7 (28) 10 (40) 
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Table 8: Nail protrusion height. 

Variables PFN, n (%) PFN-A2, n (%) 

0-5 mm 20 (80) 22 (66) 

>5 mm 5 (20) 3 (12) 

Table 9: Neck shaft angle. 

Variables PFN, n (%) PFN-A2, n (%) 

<5 mm 2 (8) 3 (12) 

5-10 mm 18 (72) 20 (80) 

>10 mm 5 (20) 2 (8) 

Table 10: Complications. 

Variables PFN, n (%) PFN-A2, n (%) 

Broken implant 1 (4) 1 (4) 

Z- effect  2 (8) 0 

Screw cut out 0 1 (4) 

Revision surgery 2 (8) 1 (4) 

Wound infection  2 (8) 1 (4) 

 

Figure 1: A 81 years old female (case 1). 

 

Figure 2: Post op X-ray of case 1. 

 

Figure 3: A 75 years old male (case 2). 

 

Figure 4: Post op X-ray of (case 2). 

 

Figure 5: A 63 years old female (case 3). 

 

Figure 6: Post op X-ray of (case 3). 
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Figure 7: A 55 years old male (case 4). 

 

Figure 8: Post op X-ray of (case 4). 

DISCUSSION  

There is no evidence in the literature demonstrating that an 

intramedullary nail is superior to extramedullary devices, 

such as a DHS, when used for stable fracture types.26-30 

Biomechanically, intramedullary devices have been shown 

to be superior for unstable fracture types.31 

Some studies have reported the occurrence of serious 

complications after using such procedures, including 

migration of the proximal screws and perforation of the 

femoral head, varus collapse of the fracture, cut-out, and 

fracture at or below the level of the terminus of the femoral 

nail.7,8,32 

In PFN, 2 screws are used for the neck the larger screw is 

the lag screw to take the load. Smaller screw for rotation 

stability if the length of smaller screw increases vertical 

force increases and induces the cutout causing effect (Z- 

effect), or reverse Z effect.33 

The first account of the Z-effect has been attributed to 

Werner-Tutshcku et al who reported a series of 70 cases of 

fractures treated using PFN.34 The Z-effect involves the 

lateral migration of the inferior screw, varus collapse of the 

fracture and perforation of the femoral head by the superior 

screw. The reverse Z-effect involves the lateral migration 

of the superior screw accompanied by the medial 

migration of the inferior screw. These authors also advised 

that fixation of the fracture at a cervico-diaphyseal angle 

of <125° is a predisposing factor for the Z-effect and 

reverse Z-effect, as well as for cut-out of the femoral head 

by the screw. The cause of this complication has been 

explained by varus collapse of the fracture and the lack of 

medial cortical support.35 When the femoral neck 

presented a lower bone density than the femoral head, 

which is typical of unstable fractures, there was a tendency 

for the inferior screw to migrate. Strauss et al also 

suggested that the use of femoral nails comprising two 

interlocking head screws should be avoided in cases of 

fractures with intense comminution and loss of medial 

support.35 Devices with helical blades that are introduced 

under impaction towards the femoral head, have been 

designed with the aim of increasing rotational stability, 

preserving the bone material of the femoral head and 

preventing varus collapse. Although such implants offer 

greater biomechanical stability in comparison with 

conventional PFN, they are not free of complications.36 

Thus, Brunner et al have described three cases of 

perforation of the femoral head by helical blade devices in 

patients showing good fracture reduction and satisfactory 

positioning of the implant.37 These authors advise that in 

cases of severe osteoporosis, positioning of the blade at 5 

mm or less below the joint should be avoided in order to 

prevent perforation of the femoral head.  

The change to a helical blade with the introduction of the 

PFNA 2 and was intended to reduce the likelihood of cut-

out and to eliminate the occurrence of the Z-effect mode 

of failure of the old PFN. Several biomechanical studies 

have supported this.38 The phenomenon of cut-out has 

however not been eliminated and is in fact still the most 

common mode of failure. A recent biomechanical study by 

Born et al. comparing threaded screw and helical blade 

constructs in a model of pertrochanteric fracture fixation 

using polyurethane femoral heads found that the blade 

device is more prone to cut-out.39 Pu et al reported an 

average TAD of 16.8 mm, but suggested not putting the 

helical blade tip closer than 10 mm from subchondral bone 

and using a shorter blade in order to avoid head 

perforation.40 Nikoloski et al believe that the TAD rule of 

<25 mm should not apply for the PFNA2.41 They suggest 

avoiding a TAD <20 mm due to possible axial cut-out 

(medial migration) and avoiding a TAD >30 mm to avoid 

cephalad cut-out. 

The idea behind the innovation of the helical blade was its 

biomechanical superiority in the setting of osteoporosis.38 

The blade can be inserted without reaming, thereby 

preserving vital bone stock in the femoral head. During 

insertion, it compacts cancellous bone around it, providing 

a better purchase, with increased resistance to varus 

collapse and rotational stress.42 The tip of the PFNA2 is 
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flexible which reduces the stress on the bone at the tip and 

therefore, there will be less implant failure (distal nail 

breakage and distal locking screw breakage).43 

Park et al found significantly better mobility scores and 

complication rates with helical blade nails.44 Gardenbroek 

et al in their study found that the risk of a secondary late 

complication and re-surgery is much higher with a PFN 

than the helical blade device.45  

Other advantages of the helical blade device over a two-

screw design reported in literature include its ease of 

insertion, lesser operative time and lesser fluoroscopic 

exposure.46-47 

Limitation 

Limitation of study are small number of patients in each 

treatment group, a short follow-up period, a failure to 

measure inter-observer errors in radiographic 

interpretation or functional evaluation and operated by two 

senior surgeons. 

Image results solely based on radiological findings are 

potential causes that might affect the study results. Our use 

of the Singh’s index rather than a dual energy x-ray 

absorptiometry (DEXA) scan to assess osteoporosis was 

due to financial constraints and makes our inference of the 

effect of osteoporosis on the performance of these implants 

subjective. 

CONCLUSION   

In this study of 50 patients, 25 treated by PFN and 25 by 

PFN-A2, it was concluded that PFN-A2 was a better 

construct to treat patients of unstable intertrochanteric 

fracture of older age group having osteoporosis because 

here reaming was not done and helical blade was inserted 

by hammering which caused compaction of bones in head 

and neck region. And result was better with favourable 

Cleveland index (5 centre centre position and 8 centre 

inferior position) and Parker ratio less than 50%. 

Complications were also less in PFN-A2 group. 
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