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Fixation in Intertrochanteric Fractures Using Short Proximal Femoral
Nail Anti-Rotation-2: A Functional and Radiological Prospective Study

Thangaraj Shenbagamoorthy Raagul', K V Prem Kumar', Karthik Seetharaman’, V Bharath’,
Thirumal Ranganathan', Vijayashankar Murugesan'
Learning Point of the Article:

To assess the functional results of intertrochanteric fractures treated with the short PFNA2 were assessed using the Modified Harris Hip
Score, with fracture reduction and fixation evaluated based on the neck-shaft angle and tip—apex index.

Introduction: Intertrochanteric fractures are among the most common fractures in elderly patients, often associated with osteoporosis and high
morbidity. Surgical fixation is the preferred treatment approach to enable early mobilization and reduce complications. The Short Proximal
Femoral Nail Anti-Rotation-2 (PFNA-2) has emerged as an effective implant for these fractures, offering improved stability, enhanced
biomechanical properties, and reduced risk of implant failure. This study aims to evaluate the functional and radiological outcomes of PENA-2 in
the management of intertrochanteric fractures.

Materials and Methods: This prospective study was conducted at the Department of Orthopaedics, Chettinad Health Institute, Tamil Nadu,
involving 50 patients with Boyd and Griffin Type 1-4 intertrochanteric fractures. Functional outcomes were assessed using the Modified Harris
Hip Score (MHHS), while radiological outcomes were evaluated based on fracture union time, neck-shaft angle, and tip—apex distance (TAD).
Patients were followed for a minimum of 6 months postoperatively, with serial radiographic assessments conducted at 6, 12, and 24 weeks. Post-
operative rehabilitation included early mobilization, pain management, and weight-bearing exercises to optimize recovery.

Results: The mean age of the study population was 69.04 £ 10.69 years, with a slight female predominance (52%). The mean MHHS was 83.08
+8.005, with 44% of patients categorized as having good outcomes and 26% classified as excellent. Younger patients demonstrated significantly
better functional outcomes (P = 0.000). The mean neck—shaft angle was 130.6° £ 2.1° with no significant variation across demographic groups
(P =0.191). The mean TAD was 18.25 + 4.89 mm, with 12% of patients having a TAD >25 mm. Post-operative complications were minimal,
with screw cut-out occurringin 4% of cases and superficial wound healing delays in 2%.

Conclusion: The findings suggest that PFNA-2 provides effective fixation and favorable functional outcomes in intertrochanteric fractures,
particularly in elderly patients. With minimal complications and early mobilization benefits, PENA-2 proves to be a reliable implant for
optimizing recovery. Future studies with larger cohorts and longer follow-ups are recommended to validate these findings.
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Introduction age. These fractures, which occur outside the hip joint capsule,

Intertrochanteric and per-trochanteric fractures are among the typically involve the proximal femur between the greater and
most common traumatic injuries in individuals over 60 years of lesser trochanters and may occasionally extend into the
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subtrochanteric region. Their incidence increases

Table 1: Distribution of pre-operative patients’ characteristics. significantly with age and poses substantial
N — . 5 challenges to healthcare systems due to the
e gHene requency ercentage complexity of management and the frequent
1 Age presence of comorbidities such as osteoporosis,
=50 - . diabetes, hypertension, and renal insufficiency.
LEElD : These fractures lead to considerable declines in
60-74 years 25 50.0 mobility and independence in older adults, with
>75 years 15 30.0 many patients requiring assistance for daily
2 Sex activities. While non-operative management may
Male 24 48.0 be considered for patients with minimal pain or
Female 26 3 0 limited ambulatory statl'ls, surg'ical interventi?n is
) generally preferred as it provides more reliable

= Freitirs gite fixation and facilitates early mobilization.

Left 22 44 Desbi . . .
espite advancements in surgical techniques and
Right 28 56.0 implant designs, managing intertrochanteric
4 Boyd and Griffin classification fractures remains challenging, particularly in
Type 1 14 28.0 osteoporotic elderly patients. The cancellous
Type 2 17 34 nature of such bone makes achieving stable
Type 3 12 52.0 fixati.on difficult, as itisless .I‘Oblllst and more prone
to failure under internal fixation forces. Several
Type 4 7 14 factors influence successful fixation, including
bone quality, fracture stability, anatomical
Table 2: Distribution of intraoperative details of the study participants. ahgnment, reduction quahty, mp lant de51gn, and
placement accuracy. Among these, surgeons have
: LG : % : significant control over implant selection and
1 Operation time (Min) 60 75 66.40 510 placement. While devices such as the dynamic hip
5 Blood loss (mL) 90 110 99 6.20 screw have been widely used for years, they may
— not be ideal for elderly patients with osteoporosis,

SD: Standard deviation

as complications like screw cut-out are more

common in this group.

Table 3: Distribution of Modified Harris Hip Score among the patients. The Short Proximal Femoral Nail Anti-Rotation I
Modified Harris Hip Score (PFNA-2) has emerged as a promising alternative
S.No  Variable for managing stable intertrochanteric fractures,
e fiean o8 Fvalue particularly in elderly patients. Unlike traditional
1 Age lag screws, the PFNA-2 incorporates ahelical blade
<60 years 82 94 88.2 4.1/0.000* designed to provide superior rotational stability
60—74 yedrs 65 94 85 7.4 and promote bone compaction at the femoral
>75 years 64 87 76.5 6.9 neck, resulting in stronger fixation. This design
5 G significantly reduces complications such as screw
Male 64 94 33.87 3.023 0505 cut-out. Animportant modificationin the PFNA-2
Female = o 520 o is th.e reduction of the m.ediolateral angle f.rom 6° ifl
3 Boyd and Griffin classification earlier models to 5°, which enhances the implant’s
stability, particularly in osteoporotic bone.
Type 1 o4 94 83.71 9.068 0.548 Additionally, the implant is designed to facilitate
Type 2 65 o1 i ik early post-operative mobilization, accelerate
Type 3 76 93 85.5 6.172 fracture healing, and reduce the risks of
Type 4 68 89 80.86 6.669 complications such as implant failure, medial

4 Total 54 94 83.08 | 8005 penetration, or back-out of the helical blade.
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Table 4: Distribution of neck-shaft angle among the study participants.
Neck-shaft angle

Variable
Min (deg) Max (deg) Mean (deg) Sd(deg) P-value
1 Age
<60 years 127 134 129.5 2 0.191
60-74 years 128 135 130.8 1.8
>75 years 128 136 130.9 2.5
2 Sex
Male 128 136 130.6 1.9 0.991
Female 127 135 130.6 2.2
3 Boyd and Griffin classification
Type 1 128 135 130.3 2.2 0.875
Type 2 127 136 130.8 2.5
Type 3 129 134 130.8 1.8
Type 4 129 132 130.3 1.4
4 Total 127 136 130.6 2.1

Table 5: Distribution of tip-apex distance among the study participants.

Tip—-apex distance

S.No.  Variable ;5 mmn  min Max | Mean
SD (mm) P-value

<60 years|0 (0) 10, 19.2) 16.67] 2.66 0.376
60-74 yed’ (6) 9.3 29 18.14 5.18
>75 years|3 (6) 13 30 19.47, 5.44

2 Sex
Male 1(2) 11] 30 17.83 3.44 0.568
Female |5 (10) 9.3 30, 18.63 5.96

3 Boyd and Griffin classification
Typel |1(2) 9.3 30, 1853 438 048
Type2 |1(2) 10 29 1678  4.34
Type3 |2(4) 12 29 19.36| 5
Typed |2(4) 10 300 1933  6.87

4 Total 6(12) 9.3 30 18.25 4.89

PERCENTAGE

DISTRIBUTION OF PATIENTS BASED ON MODIFIED HARRIS
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Figure 1: Distribution of patients based on Modified Harris Hip Score.

S. No. Complication Frequency Percentage
1 Screw cut-out 2 4
2 Negative medial cortical support 1 2
3 Positive medial cortical support 1 2
4 Delayed wound healing (superficial) 1 2

Although the short PFNA-2 has shown encouraging
results in improving functional outcomes, its overall
effectiveness and clinical benefits are not yet fully
established. Thisis particularly true for unstable fractures,
where comparative studies remain limited. Addressing
these gaps is crucial to optimizing treatment strategies,
especially in elderly patients with compromised bone
quality.

This study is to evaluate the functional and radiological
outcomes in short PENA-2 in treating intertrochanteric
fractures in elderly patients. The functional outcomes will
be assessed using the Harris Hip Score (HHS), focusing
on pain levels, functional ability, absence of deformity,
and range of motion. Radiological outcomes will include
the time to fracture union and the quality of fracture
reduction and fixation as assessed through radiographic
imaging. By examining these parameters, this study seeks
to provide robust evidence supporting the use of PFNA-
2, contributing to improved treatment strategies and
patient outcomesin this clinical context.

Materials and Methods

This study was done in the Department of Orthopaedics,
Chettinad Health Institute, Kelambakkam, Tamil Nadu,
and included S0 patients with stable intertrochanteric
fractures. Participants were followed for a minimum
period of 6 months after undergoing surgical
intervention. Inclusion criteria comprised individuals
over the age of 18 years with Boyd and Griffin Type 1-4
intertrochanteric fractures who were ambulatory prior to
the fracture. Patients with significant comorbidities that
rendered them unfit for surgery, open fractures, local
infections at the fracture site, pre-existing hip conditions
such as osteoarthritis or avascular necrosis, multiple
fractures, or those who declined surgical treatment were
not included in the study. Written informed consent was
obtained from all participants and their data were
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Figure 2: X-rays showing pre-operative (a and b) and immediate post-
operative (cand d) findings.

collected prospectively using a standardized pro forma that
included demographic, clinical, and radiological details.

The study assessed both functional with radiological outcomes
of fractures managed with the short PFNA-2. Functional
outcomes were evaluated using the HHS, which included
assessments of pain, mobility, absence of deformity, and range
of motion. Radiological outcomes were assessed by monitoring
the time required for fracture union using serial radiographs
taken at intervals of 6, 12, and 24 weeks postoperatively.
Additional parameters evaluated included the quality of
fracture reduction, determined by comparing the neck-shaft
angle with the contralateral normal hip, and the quality of
fixation using the tip-apex index, which measures the
placement and stability of the implant.

Post-operative care was focused on early mobilization and
rehabilitation to improve recovery and minimize
complications. On the 1st post-operative day, the patients were
to be encouraged to begin mobilizing and bear weight as
tolerated based on the surgeon’s recommendations. A
structured rehabilitation protocol was followed, including chest
exercises, joint mobilization, and gradual weight-bearing
exercises. Pain management, deep venous thrombosis
prophylaxis with pharmacological and mechanical methods,
and follow-up radiographic imaging were integral components
of post-operative care. Sutures were removed approximately 12
days post-surgery, and follow-ups were scheduled at 3 and 6
months to assessboth clinical and radiological outcomes.

The study aims in evaluating the effectiveness of the PFNA-2
implant in managing intertrochanteric fractures, particularly in
elderly osteoporotic patients. The data collected were analyzed
to determine the functional improvements based on HHS
scores and the radiological success of the implant. By assessing

Figure 3: Follow-up X-rays taken at the 3rd month (a and b), 6th month (c
and d), and after 1 year (eandf).

parameters such as fracture union time, implant stability, and
reduction quality, the study sought to establish the clinical
utility and reliability of the PFNA-2 in providing optimal
outcomes for this patient population.

Results

A total of 50 patients were included in this study. Table 1 shows
the distribution of pre-operative patients’ characteristics. The
mean age of the patients in this study was 69.04 + 10.69. A
majority of patients were in the 60-74-year age group, with
more female predominance. Right seems to be more common
than left side. In terms of fracture severity, Boyd and Griffin
Type 2 fractures were the most frequent, followed by Type 1.

Table 2 summarizes the intraoperative details of the study
participants. The mean operation time was 66.4 min with a
standard deviation of 5.1 min, ranging from 60 to 7S min. The
mean blood loss was 99 mL with a standard deviation of 6.2 mL,
rangingfrom90to 110 mL.

Post-operative assessment

Table 3 summarizes the distribution of Modified HHS
(MHHS) among these study participants. The MHHS among
study participants revealed significant variations with age, while
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Figure 4: X-ray of one of the patients showing tip—apexindex (aandb).

differences based on sex and Boyd and Griffin classification
were not statistically significant. Participants aged <60 years
had the highest mean score (88.2 + 4.1), followed by those aged
60-74 years (85 + 7.4) and >7S years (76.5 £ 6.9), with
significant P = 0.000. Males had a slightly higher mean score
(83.87£8.023) compared to females (82.35 £ 8.074),and the P
value was 0.505. Among Boyd and Griffin classification types,
Type 3 fractures had the highest mean score (85.50 + 6.172),
while Type 4 had the lowest (80.86 £ 6.669), with P =0.548.

Fig. 1 shows the distribution of patients based on the MHHS
where 26% had an excellent score and 44% had a good score.
Opverall, the total mean of MHHS was 83.08 + 8.00S. Fig. 2
shows pre-operative X-rays (a and b) and immediate post-
operative (cand d) X-ray findings.

The distribution in neck—shaft angle among study participants
had no statistically significant differences across age, sex, or
Boyd and Griffin classification groups (Table 4). Participants
aged >75 years had the highest mean angle (130.9° + 2.5°),
followed closely by those aged 6074 years (130.8° + 1.8°) and
<60vyears (129.5°+2.0°), with P=0.191. Males and females had
identical mean neck-shaft angles (130.6°), with standard
deviations of 1.9° and 2.2°, respectively, and P = 0.991. Among
Boyd and Griffin classification types, Types 2 and 3 had the
highest mean angles (130.8° + 2.5° and 130.8° + 1.8°,
respectively), while Types 1 and 4 had slightly lower means
(130.3° +2.2° and 130.3° £ 1.4°, respectively), with P = 0.875.
The overall mean neck-shaft angle was 130.6° + 2.1° Fig. 3
shows the follow-up X-rays taken at the 3rd month (aand b), 6th

Figure 5: (a-f) Clinical photograph of a patient during follow-up,
demonstrating a restored range of motion and functional recovery after
surgical management.

month (cand d), and after 1 year (eandf).

The analysis of tip-apex distance (TAD) among study
participants did not show statistically significant differences by
age, sex, or Boyd and Griffin classification (Table S). The
overall mean TAD in this study was 18.25 +4.89 mm, with 12%
of participants having a TAD >25 mm. Participants aged >75
years had the highest mean TAD (19.47 £ 5.44 mm), followed
by those aged 60-74 years (18.14 + 5.18 mm) and <60 years
(16.67 £2.66 mm), though the differences were not statistically
significant (P =0.376). Females had aslightly higher mean TAD
(18.63 + 5.96 mm) compared to males (17.83 + 3.44 mm).
Among Boyd and Griffin classifications, Type 3 and Type 4
fractures showed higher mean TAD values (19.36 + 5.00 mm
and 19.33 + 6.87 mm, respectively). Fig. 4 shows the X-rays of
one of the patients displaying the tip—apexindex (aandb).

Table 6 shows the distribution of post-operative complications
among the study participants. In this study, post-operative
complications were minimal. Screw cut-out occurred in 4% of
patients (2 patients), while negative cortical support, positive
medial cortical support, and delayed superficial wound healing
were each observed in 2% of cases (1 patient each) Fig. 5 shows
the clinical photograph of a patient during follow-up,
demonstrating a restored range of motion and functional
recovery after surgical management.

Discussion

Intertrochanteric fractures seem to be among the most
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common fractures in the elderly, often resulting from low-
energy falls in osteoporotic bone. The management of these
fractures poses significant challenges, especially in ensuring
optimal functional and radiological outcomes [1]. The short
PENA-2 has emerged as a reliable implant for these fractures,
offering biomechanical stability and minimally invasive
application. In this study, we evaluated the functional and
radiological outcomes of PFNA-2, focusing on parameters such
as fracture reduction quality, implant positioning, and post-
operative recovery. Fifty patients totally were included in this
study, and the results are discussed in detail below.

Intertrochanteric fractures are predominantly observed in the
elderly population, primarily due to age-related declines in
bone density and increased susceptibility to falls. In our study,
the mean age in patients was 69.04 + 10.69 years, majority
falling within the 60—74-year age group, a finding consistent
with global trends. Hedlund and Lindgren [2] previously
identified age as a dominant risk factor for proximal femoral
fractures regardless of the cause of injury. Age-associated factors
such as osteoporosis, diminished muscle strength, and impaired
balance are critical contributors to the incidence of these
fractures. Moreover, advancing age often complicates post-
operative recovery due to the presence of comorbidities that
may delay fracture healing and impact functional outcomes.
These observations underscore the importance of age-specific
strategies in preventing and managing intertrochanteric
fractures.

The predominance of female patients in our study aligns with
existing literature on intertrochanteric fractures, which
consistently highlights a higher incidence among women. This
increased vulnerability in females is largely attributed to post-
menopausal osteoporosis, where decreased estrogen levels lead
to accelerated bone loss and reduced bone mineral density.
Additionally, women tend to have longer lifespans than men,
which increases their likelihood of sustaining low-energy
fractures, such as intertrochanteric fractures, at older ages.
Studies have also indicated that certain anatomical and
biomechanical factors, such as wider pelvic structure and lower
muscle mass in females, may further contribute to this
predisposition [3].

The Boyd and Griffin classification provides a structured
framework for categorizing intertrochanteric fractures based on
fracture patterns, which can influence surgical planning and
outcomes. In our study, Type 2 fractures were the most
prevalent (34.0%), followed by Type 1 (28.0%), Type 3
(24.0%), and Type 4 (14.0%). The predominance of Type 2
fractures aligns with existing data [4, 5] that suggest this type
often results from low-energy trauma in osteoporotic bone,
whichis commonin elderly populations. Type 1 and 3 fractures,

while less frequent, are relatively stable and easier to manage
surgically, whereas Type 4 fractures, being comminuted and
unstable, pose greater challenges in achieving optimal
reduction and fixation.

The mean post-operative neck-shaft angle of 130.6° + 2.1°
observed in this study is consistent with the desired anatomical
restoration aimed for during surgical fixation of
intertrochanteric fractures. Maintaining an optimal neck—shaft
angle is crucial as it directly impacts the biomechanics of the hip
joint, ensuring appropriate load distribution and functional
recovery. Deviations from the normal range (approximately
125°-135°) may result in complications such as varus
malalignment, implant failure, or altered gait mechanics. The
minimal variation in the post-operative angle reflects the
precision achieved in fracture reduction and fixation
techniques.

The MHHS is a reliable tool for evaluating post-operative
outcomes in patients undergoing surgical management of hip
fractures, particularly intertrochanteric fractures [6]. It assesses
pain and functional capacity across domains such as mobility,
gait, and daily activity performance, providing a robust measure
ofrecovery.

In this study, the total mean MHHS was 83.08 + 8.005 (44%
good and 26% excellent) indicating favorable post-operative
outcomes with effective surgical management and
rehabilitation. This score aligns with good functional recovery,
reduced pain, and restored mobility. Similar findings were
reported by Sharma et al, [7] where the mean MHHS was
78.85, with 36% of patients categorized as having “good”
outcomesand 13% classified as “excellent.”

Additionally, Kassem et al. [8] observed a mean HHS of 80.4 +
8.7 after 12 months of proximal femoral nailing for unstable
intertrochanteric fractures. The slightly higher mean score in
the current study suggests that PENA-2 may provide marginally
better functional outcomes, potentially due to enhanced
biomechanical stability or reduced post-operative
complications. However, differences in patient demographics,
fracture patterns, rehabilitation protocols, and scoring systems
(Modified vs. Original HHS) might account for this variation.
These findings underline the need for further comparative
research to establish the advantages of PENA-2 over PEN.

The MHHS in this study demonstrated significant variability
across age groups, highlighting the impact of age on post-
operative outcomes. Participants under 60 years achieved the
highest mean score (88.2 + 4.1), reflecting superior recovery
likely due to better bone quality, muscle strength, and fewer
comorbidities. The 60-74-year age group scored moderately
well (85 + 7.4), while those over 75 years had the lowest mean
score (76.5 % 6.9), indicative of challenges such as osteoporosis,
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frailty, and higher comorbidity burden in older patients. The
significant P-value (0.000) underscores age as a critical factor
influencing functional recovery, emphasizing rehabilitation in
age-specific and strategical care to optimize outcomesin elderly
patients. This finding aligns with existing literature [9], which
consistently identifies age as a major predictor of outcomes in
hip fracture management.

Although there was variation in TAD between different age
groups, sex, and Boyd and Griffin classification, they were not
statistically significant. The overallmean TAD was 18.25 +4.89
mm. Additionally, 12% of participants with a TAD >25 mm
underscore a subgroup at higher risk for complications, as
studies [10, 11] have shown that a >25 mm TAD is associated
withincreased implant failure rates.

In this study, post-operative complications were minimal.
Screw cut-out occurred in 4% of patients (2 patients), while
negative cortical support, positive medial cortical support, and
delayed superficial wound healing were each observed in 2% of
cases (1 patient each).Medial migration or penetration of the
helical blade, loss of reduction in unstable fractures, and
periprosthetic fractures are major concerns in the treatment of
proximal femoral fractures, particularly with devices such as
PENA-2. These complications typically result from factors such
asimproper placement of the helical blade, compromised bone
quality, and suboptimal surgical techniques, potentially leading
to serious outcomes such as joint damage, persistent pain, or the
need for revision surgery. Furthermore, loss of reduction and
periprosthetic fractures can hinder recovery and slow
rehabilitation, especially in elderly or osteoporotic patients.
These challenges emphasize the importance of thorough
surgical planning, careful implant selection, and diligent post-
operative care. Continuous research is crucial to advance
implant designs, enhance surgical techniques, and identify at-
risk patients, ultimately minimizing complications and
improving long-term outcomes. Tackling these issues will help
increase the success of femoral fracture treatments and improve
patients’ quality oflife.

There were no major complications such as implant failure,
deep infections, or reoperation requirements. All patients
showed good functional outcomes, demonstrating the
effectiveness and safety of PENA-2 in treating intertrochanteric
fractures. The implant provided stable fixation and supported

recovery with minimal complications.
Limitations

The study seemed to have several limitations, including quite
relatively small sample size, which may have affected the
generalizability of the results. The follow-up period was
relatively short, potentially missing long-term complications or
functional changes. Additionally, being a single-center study,
the findings may not reflect variations across different settings
or patient demographics. Selection bias could also have
influenced the results, as certain groups, such as those with
severe comorbidities, may have been excluded. Finally, while
the MHHS is one of the best-established tools, it may not
capture all aspects of functional recovery or quality of life,
limiting the comprehensiveness of the outcome assessment.

Conclusion

The study demonstrates that the use of the short PFNA-2 in
intertrochanteric fractures provides favorable post-operative
outcomes, as reflected by a mean MHHS of 83.08 + 8.005 and
anoverallmean TAD of 11.74 +7.03 mm. These results indicate
effective surgical fixation and functional recovery. The findings
also highlight the influence of age, fracture classification, and
surgical technique on outcomes, emphasizing the need for
individualized management strategies. Future multicenter
studies with a greater number of sample sizes along with longer
follow-up periods are to be recommended to validate the above
findings and explore their applicability in diverse patient
populations.

Clinical Message

Intertrochanteric fractures are frequently seen in elderly individuals
with osteoporosis, often accompanied by other comorbid
conditions. The short PENA-2 is amore appropriate choice for these
patients as it involves a shorter surgical time and reduced blood loss.
With short PENA-2 fixation, only proximal reaming is required,
eliminating the need for serial reaming of the medullary canal and
consequently lowering the risk of embolism. Furthermore, for
elderly patients with subtrochanteric fractures and significant
anterior bowing of the femur, the Short PFNA-2 is a viable
alternative to thelong PENA-2.
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