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Abstract

Background. Proximal femoral nail (PFN) and dynamic hip screw (DHS) are widely used for the management
of intertrochanteric femur fractures (ITFs). Proximal femoral nailing offers biomechanical advantages but may cause
iatrogenic displacement during the insertion.

The aim of the study — to compare the degree of fracture displacement, specifically femoral shaft lateralization
and neck-shaft angle changes, following dynamic hip screw and proximal femoral nail fixation in minimally displaced
or non-displaced intertrochanteric femur fractures.

Methods. A prospective cohort study was conducted on 40 patients with AO 31A1 ITFs from January to June 2024. Patients
were divided into two groups: DHS (n = 20); PFN (n = 20). Radiological outcomes including postoperative neck-shaft angle
and femoral shaft lateralization were measured on both injured and non-injured sides.

Results. In the PFN group, the mean postoperative neck-shaft angle (131.30+4.54°) showed a varus change compared to
the intact side (134.70£3.77°), but the difference was not statistically significant (p = 0.109). In the DHS group, there was
no significant difference (p = 0.827). Femoral shaft lateralization on the injured side was significantly higher in the PFN
group (56.60£7.07 mm) than in the DHS group (49.50 £ 6.59 mm; p = 0.002). No significant difference was found on the
non-injured side (p = 0.261).

Conclusion. Both PFN and DHS yield comparable neck-shaft angle outcomes in minimally displaced ITFs. However,
PFN is associated with greater lateralization of the femoral shaft, which may reflect iatrogenic displacement during
fixation.

Keywords: proximal femoral nail; dynamic hip screw; intertrochanteric femur fractures; neck-shaft angle;
non-displaced fracture.
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NMpumeHeHne NpoKcMMaNbLHOro 6eApeHHOro CTEPXKHS

U AUHAMMUYECKOro 6eApeHHOro BUHTA B JIeYEHUU Ype3BepPTebHbIX
nepenoMoB 6eppeHHOM KOCTH 6€3 unau ¢ MUMHMMAaJIbHbIM CMELLEeHUEM:
CpaBHUTENbHOE NPOCNEKTUBHOE UccNenoBaHue

M.X. A6gens Paxum, M. ABagm, A. Mypcu, A. Onbcanp, M.A. Dna6,

Ain Shams University, . Kaup, Eeunem

Pedepar

AxkmyansHocmbs. [IpokcuMabHbIi 6eapeHHblit crepskeHb (PFN, proximal femoral nail) n munamuueckuit 6eipeHHbIN BUHT
(DHS, dynamic hip screw) mmpoKo UCTIONb3YIOTCS B JIeUEHM M Upe3BepTeTbHbIX ITepeioMOB 6epeHHoit kocTu. PFN o6nagaet
610MexXaHMYeCKUMM TIPEUMYIIeCTBaMM, HO MOKET BbI3BAaTh ITPOTEHHOE CMeIlleH) e BO BpeMsI YCTaHOBKH.

Llens uccnedosaHus — CPaBHUTH CTEII€Hb CMeEIIeHMs OTJIOMKOB, B UaCTHOCTM JaTepanusaliiio 6epeHHOro OTIOMKa
Y BEIMUMHY IlleeuHO-Auadu3apHOro yriaa, npu GuKcaluyu IMHAMUYECKUM OGeIpeHHbIM BUHTOM M IPOKCUMATbHBIM
6GepeHHBIM CTEPKHEM Y TMaleHTOB C Ype3BepTelbHbIMU MepeioMaMy 6eIpeHHOI KOCTH 6e3 CMellleHuUsT WK C MUHU-
MaJbHbIM CMellleHVeM.

Mamepuan u memodsl. B riepuop, ¢ SHBaps 1Mo nioHb 2024 T. 6bITIO TPOBEIEHO MTPOCIIEKTUBHOE KOTOPTHOE MCC/IeOBaHMe
¢ yuactueMm 40 maieHTOB C Upe3BepTeabHbIM mepesomom Tuma 31A1 mo AO/OTA. IMaieHTs! 6GbIIM pa3zeieHbl Ha IBe
rpynrsl (PEN, n = 20; DHS, n = 20). PeHTreHOMOTMYEeCKME PE3YIbTAThI, BKJIIOUAS MMOCIe0TepaliOHHbII eedHo-auadum-
3apHbIit yroa (LIY) u naTepannusaiyio 6eIpeHHOTo OTIOMKA, Ol HUBAIUCh KaK C IOBPEXIEHHO, TaK U C HEITOBPEXK/IeH-
HOJi CTOPOHBI.

Pe3zynvmameult. B rpymiie PEN cpemnnuit mocteonepauyonssii Y (131,30£4,54°) mokasan BapycHOe M3MeHEeHMe 10 CpaB-
HEHMIO C MHTAKTHOI cTOpoHO#t (134,70+3,77°), Ho pa3Huila He O6bUTa CTATUCTUUECKM 3HAUMMOIL (p = 0,109). B rpymme DHS
3HAUMMOJI Pa3sHUIILI BbISIBIEHO He ObuTO (p = 0,827). JlaTepanusauusi 6eIpeHHOTO OTIOMKa Ha TOBPEXKIEHHON CTOpO-
He 6blIa CTAaTMCTUUECKM 3HAUMMO Bbiile B rpymme PEN (56,60+7,07 mm), uem B rpyrmne DHS (49,50+6,59 mm; p = 0,002).
Ha HemoBpeskIeHHOI CTOPOHE CTaTUCTUUECKY 3HAUMMOT pasHUIbl 06HAPYKeHO He 65110 (p = 0,261).

3axnoueHue. Kak MpoKCUMabHbI GeIpPEeHHbI CTePKeHb, TaK ¥ AMHAMUYECKUI 6eIpeHHbI BUHT AAl0T COTIOCTaBUMYIO
BeJIMUMHY IIeeUHO-Arad3apHOro yia y MaliyeHTOB ¢ Ype3BepTebHbIMU MepeioMaMu 6eIpeHHOM KOCTU 6e3 CMelleHus
WU C MMHMMAaJIbHBIM cMellieHreM. OTHAKO MPOKCUMAaTbHbIN 6eIpeHHbI CTepKeHb aCCOLMMPYETCS C OOJbIIIe JaTepanm-
3a1ueit 6eIpeHHOr0 OTJIOMKA, UYTO MOYKET BbI3bIBATh SITPOTEHHOE CMeIlleHVe BO BpeMs (pUKCAIUN.

KiroueBsble cjIoBa: MPOKCMMAaIbHbIN GeIpeHHbI CTepsKeHb; IMHAMMUUeCKIit 6epeHHbIii BUHT; Upe3BepTe/IbHbIi [epeioM
6eIpeHHO KOCTH; IIIeeuHO-aAuadu3apHbIil yToi; epeioM 6e3 CMeleHus.
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INTRODUCTION

Over recent years, the application of the proximal
femoral nail (PFN) in managing intertrochanteric
fractures (ITFs) has seen notable growth, largely
attributed to improvements in implant engineering
and refinements in surgical techniques. PFN has
emerged as a preferred fixation method due to mul-
tiple advantages, including decreased intraoperative
blood loss, quicker implantation, facilitation of
early mobilization, and minimal postoperative limb
shortening [1].

From a biomechanical perspective, PFN's design
ensures proximity to the mechanical axis of the
lower limb, effectively shortening the lever arm
and diminishing the bending forces exerted on the
implant [2]. This configuration not only enhances
load distribution but also mitigates collapse and
reduces tensile stress, collectively lowering the risk
of implant failure. Furthermore, PFN provides stable
three-point fixation with controlled axial impaction,
promoting fracture stability and improved clinical
outcomes [3].

A recognized technical challenge associated
with PFEN fixation is the so-called “wedge effect”,
characterized by the distraction at the fracture site
during nail insertion [4]. This phenomenon can
result in lateral displacement of the femoral shaft
(FS) and varus malalignment of the femoral neck [5].
It typically arises when the proximal femoral canal
has not been sufficiently reamed to accommodate
the broader cephalomedullary portion of the
PFN. In contrast, the dynamic hip screw (DHS) is
generally indicated for stable intertrochanteric
fractures where the medial buttress remains
intact [6]. Its use is contraindicated in cases with
unstable fracture configurations, reverse obliquity
patterns, significant osteoporotic changes, or a
compromised lateral femoral wall thickness of less
than 20.5 mm [7, 8]. As a surface-based fixation system,
DHS is biomechanically less likely to contribute to
intraoperative fracture displacement [9].

This study hypothesizes that PFN may occasionally
cause iatrogenic displacement of non-displaced
or minimally displaced ITFs more frequently than
DHS. The aim of the study — to compare the degree
of fracture displacement, specifically femoral
shaft lateralization and neck-shaft angle changes,
following dynamic hip screw and proximal femoral
nail fixation in minimally displaced or non-displaced
intertrochanteric femur fractures.

METHODS
Study design

This prospective study was performed on 40 patients
at Ain Shams University Hospitals from January
2024 to June 2024 to quantify the degree of fracture
displacement after fixation with DHS versus PFN in
cases of non-displaced or minimally displaced ITFs.
The forty cases were divided into two equal groups:
DHS group (n = 20) and PFN group (n = 20).

Inclusion and exclusion criteria. Patients were
eligible for inclusion if they had minimally displaced
(< 5 mm) or non-displaced intertrochanteric fractures
classified as AO type 31Al1.2 or 31A1.3. Exclusion
criteria included open fractures, prior surgeries on
the ipsilateral or contralateral hip, non-ambulatory
status, and pathological fractures due to malignant
disease.

Preoperative evaluation. All patients underwent
comprehensive preoperative evaluation, including
detailed history, general and local physical
examination, and radiological assessment with
anteroposterior and lateral hip X-rays. The femoral
neck-shaft angle (NSA) was measured as part of the
radiographic analysis.

Post-operative. Prevention of infection, analgesia
and anticoagulation.

Radiological assessment

Postoperative evaluation included immediate
anteroposterior (AP) and lateral X-rays of the hip.
The femoral NSA was determined according to the
methodology described by C. K. Boese et al. [10]. This
angle was calculated between the axis of the femoral
neck and the anatomical axis of the FS. The neck axis
was drawn from the femoral head center (HC) to the
neck center (NC), the latter defined as the midpoint
between points where a circle (centered on the HC)
intersected the superior and inferior borders of the
femoral neck. The shaft axis was established by
connecting central points identified at both proximal
and distal segments of the femoral diaphysis [11].
The tip-apex distance (TAD) was calculated as
the cumulative length from the screw tip to the
apex of the femoral head as seen on both the AP
and lateral projections [12]. FS lateralization was
assessed by measuring the horizontal distance from
the femoral head center to a reference line parallel
to the lateral cortex of the femur, comparing the
injured side with the contralateral uninjured side [7]
(Figures 1, 2).
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Figure 1. Neck-shaft angle
measurements on an upright pelvis
plain X-ray

Quality of reduction

A score out of 4 was used to quantify the quality
of fracture reduction depending on radiological
findings. Score4wasinterpreted as excellentreduction,
2-3 — acceptable reduction, while score 0-1 — poor
(Table 1).

Table 1
Quality of reduction scoring system [8]

Item Score
Garden alignment
AP view: slight valgus or normal 1
Lat view: 160-180° 1
Fragment displacement
AP view: positive or neutral medial cortex 1
support
Lat view: anterior cortex smooth continuity 1
Quality of fracture reduction
Excellent 4
Acceptable 3or2
Poor lor0

AP — anteroposterior; Lat — lateral.

Statistical analysis

Data processing and analysis were conducted
using IBM SPSS Statistics for Windows, version
23.0 (SPSS 1Inc., Chicago, IL, USA). Continuous
variables with normal distribution were expressed
as mean*standard deviation (SD) along with the
range, whereas skewed (non-parametric) data were
presented as medians with their corresponding
interquartile ranges [IQR] (Me). Categorical data

Figure 2. Calculation of the wedge effect (net lateralization of the shaft
compared to the head/neck segment): line B represents the distance
from the center of the femoral head (C) to the lateral femoral shaft (A)

were summarized using frequencies and percentages.
The normality of data distribution was evaluated
using both the Kolmogorov-Smirnov and Shapiro-
Wilk tests. Comparative analysis between groups
was performed using the independent samples t-test
for normally distributed variables, and the Mann-
Whitney U test for non-normally distributed data.
Qualitative variables were compared using the Chi-
square test, and Fisher’s exact test was applied when
the expected frequency in any cell was below five.
Statistical significance was determined at a 95%
confidence level, with p-values < 0.05 indicating
statistical significance.

RESULTS

There were no notable variations between the DHS
and PFN groups regarding baseline characteristics.
The mean age was 63.45+14.95 years in the DHS
group and 66.45+¥9.08 years in the PFN group
(p = 0.147). Sex distribution (male: 75% vs 50%,
p = 0.102), fracture side (left: 60% vs 55%, p = 0.749),
AO classification (31A1.2 vs 31A1.3: 55% vs 65%,
p = 0.519), and surgeon experience (consultant: 45%
vs 60%, p = 0.272) were also comparable between the
two groups.

There was no notable variations between the DHS
and PFN groups regarding the quality of reduction
score. Similarly, the distribution of reduction quality
levels (acceptable vs excellent) showed no significant
difference between the groups (Table 2).

There was no notable variation in TAD between
the DHS and PFN groups (Table 3).

No significant difference in neck shaft angles
was observed postoperatively compared to the
contralateral side in either PFN or DHS groups
(Table 4, Figures 3, 4).
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Table 2
Quality of reduction in the studied groups
DHS PFN p-value
Quality of reduction score
Mean#£SD 3.20%0.77 3.10+0.72
Median [IQR] 3[3-4] 3[3-4] 0.673
Range 2-4 2-4
Level of quality of reduction score
Acceptable 12 (60.0%) 14 (70.0%)
Excellent 8 (40.0%) 6 (30.0%) 0.507
Table 3
Position of the implant in the studied groups
DHS PFN p-value
TAD (mm)
Mean=SD 24.88%+9.41 21.72+7.01
Range 7-42 6-32 0.236
TAD level
Abnormal 8 (40.0%) 6 (30.0%)
Normal 12 (60.0%) 14 (70.0%) 0.507
Table 4
Postoperative and contralateral neck-shaft angles in the studied groups, deg.
Postoperative neck-shaft angle, deg. | Neck-shaft angle of the intact side, deg. p-value
DHS
Mean=SD 135.45+6.33 135.70£6.42
Range 124-147 126-147 0827
PFN
Mean=SD 131.30+4.54 134.70+3.77
Range 123-139 126-140 0-109

Figure 3. X-ray of a patient from the DHS group:
a — postoperative neck-shaft angle;
b — neck-shaft angle of contralateral unaffected side

Figure 4. X-ray of a patient from the PFN group, showing
5 degrees of varus malalignment as compared to the
unaffected contralateral side
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In the PEN group (n = 20), the mean lateralization
of the FS on the injured side was statistically
significantly higher compared to the DHS group
(56.60+7.07 vs 49.50%6.59 mm; p = 0.002). However,
on the non-injured side, there was no statistically
significant difference between the PFN group
and the DHS group (51.65*4. vs 49.65%6.09 mm;
p-value = 0. 261) (Figures 5, 6, 7).
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Figure 5. Femoral shaft lateralization on the injured side
in the studied groups

Figure 6. X-ray of a patient from the DHS group, showing
femoral shaft lateralization (uninjured side — 50 mm,
injured side — 49 mm)

Figure 7. X-ray of a patient from the PFN group, showing
femoral shaft lateralization (uninjured side — 47 mm,
injured side — 54 mm)

DISCUSSION

DHS and PFN are both widely accepted surgical
options for the management of ITFs [13]. Although
extensive literature exists comparing their
performance in unstable fracture patterns, data
specifically addressing their outcomes in stable
ITFs remain relatively scarce [14]. The present study
was designed to evaluate and compare the clinical
and radiographic outcomes of DHS versus PFN in
the operative treatment of stable intertrochanteric
fractures.

The findings revealed a statistically significant
increase in FS lateralization in cases treated with PFN
compared to those who underwent DHS fixation. As
for the NSA, the PFN group exhibited a mean varus
deviation of approximately three degrees relative to
the DHS group; however, this difference did not reach
statistical significance.

In a study involving 70 cases with AO 31A1-2
intertrochanteric fractures, L. Fang et al. observed an
inverse correlation between the femoral NSA and the
degree of FS lateralization following PFN fixation.
Specifically, a reduction in the NSA was associated
with a corresponding increase in lateralization
of the FS [7].

The concept of femoral lateralization parallels
that of femoral offset — a critical parameter used
to evaluate hip geometry, particularly in total hip
arthroplasty. Femoral offset is modulated by the
NSA, rising with varus orientation and diminishing
with valgus alignment [15]. Importantly, femoral
offset has been shown to positively correlate with
the strength of the hip abductor musculature,
especially the gluteus medius, as well as with the
extent of hip abduction. Consequently, in the context
of peritrochanteric fractures, restoration of femoral
lateralization — akin to optimizing femoral offset in
total hip arthroplasty — is essential for preserving
normal hip biomechanics and should approximate
the patient’s native anatomical values as closely as
possible [7].

A comprehensive Cochrane systematic review,
encompassing 76 studies, compared DHS and
PEN in the treatment of both stable and unstable
ITFs. The findings indicated that extramedullary
fixation methods, such as DHS, provide functional
outcomes comparable to those of intramedullary
(cephalomedullary) devices in managing
extracapsular fragility fractures of the hip. Although
intramedullary nails are linked to lower incidences
of infection and non-union, they are associated
with a higher rate of implant-related fractures —
a complication that remains unresolved despite
advances in nail design [16].

In a separate study, H. Mohan et al. evaluated
54 cases with two-part ITFs (31-Al type in the AO
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classification) and concluded that there was no
definitive evidence favoring PFN over DHS. Their
results supported the clinical equivalence of both
fixation methods in managing these specific fracture
patterns [17].

In a comparative study conducted by W. Yu et al.
with extended follow-up, outcomes of cases treated
with proximal femoral nail anti-rotation (PFNA)
were evaluated against those managed with DHS.
The DHS group exhibited a higher incidence of
reoperation within the first postoperative year and
experienced more orthopedic-related complications.
Statistically significant improvements in Harris
Hip Score were consistently observed in the PFNA
group across multiple follow-up intervals. However,
there was no notable difference in the incidence of
systemic medical complications between the two
cohorts. Based on these findings, the study suggested
that DHS may be less favorable than PFNA for the
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