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Background: The aim of this article is to introduce a novel technique of limited dynamic hip screw (LDHS) in the treatment
of intertrochanteric fractures and to evaluate its biomechanical effects.

Material/Methods: Based on the principle of providing both dynamic and static pressure to stabilize the fracture, we improved
the dynamic hip screw (DHS) and designed the LDHS. Six fresh cadavers were collected and intertrochanteric
fracture models were established, including Evan’s type | fracture (n=3) and type Il (n=3). We used the left-to-
right comparison in this study. LDHS technique was performed on the left femoral head of each cadaver (LDHS
group: n=6), while DHS was performed on the right side (DHS group: n=6). After fixation by either LDHS or
DHS, compressive strength, rigidity, shear stress and strain, torsional properties, and ultimate loads were mea-
sured and compared in both groups.

Results: Under the 1200 N pressure, compressive strength, rigidity, shear stress and strain, and ultimate loads of LDHS
were better than those of DHS in the 2 groups. All differences were statistically significant. Although LDHS en-
hanced the torsional properties, there was no significant difference.

Conclusions: Our study demonstrates that the biomechanical effects of LDHS are superior than those of DHS, and there was
no screw failure after implantation. Armed with those better properties, LDHS, as a new internal fixation de-
vice, may be a good alternative option in the treatment of intertrochanteric fractures.
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Background

Intertrochanteric femur fracture is common in the aged pop-
ulation. With the improvement in surgical technique and con-
tinuous developments in material for internal fixation, surgi-
cal treatment of intertrochanteric femur fractures has become
a preferred method. In patients with intertrochanteric femur
fractures, the mortality rate in the traction treatment group
is as high as 34.6%, while that in the internal fixation group
is only 17.5% [1]. The treatment of intertrochanteric hip frac-
tures using extra-medullary fixation devices mainly includes
dynamic hip screw (DHS) and sliding/locking hip screw/nail
plate systems.

DHS is generally considered to be an ideal choice as it pro-
vides both the dynamic and static pressure to stabilize the
fracture [2]. However, unlimited dynamic pressure tends to
cause screw displacement and can lead to several complica-
tions, such as extrusion of the screw, affected limb shorten-
ing, secondary fracture displacement, or coxa vara [3,4]. The
locking proximal femoral plate (LPFP) is one of the locking
hip screw systems that is known to provide immediate angu-
lar stability in the proximal femur. However, pressure at the
junction of the locking screws tends to cause hardware fail-
ure, including screw breakage, loosening, fracture, and non-
union [5,6]. This raises concerns about the clinical application
of LPFP. Proximal femoral nail antirotation (PFNA) is an intra-
medullary fixators system known to provide centrality fixation
with a short weight-bearing arm, which bears the axial pres-
sure from the body weight. However, PFNA damages the bone
marrow cavity and the inside of the bone cortex [7].

In our research, which maintains the principles of DHS, we de-
signed a new hip fixation device named the limited dynam-
ic hip screw (LDHS). This device restricts the range of screw
displacement so as to maintain screw stability and facilitate
bone union.

The primary purpose of this study was to investigate the bio-
mechanical effects of LDHS and to provide a basis for future
applications of LDHS in the treatment of intertrochanteric hip
fractures.

Material and Methods

Design of LDHS

Based on the principles of DHS providing both dynamic and
static pressure to stabilize the fracture, the LDHS was designed
and manufactured. The LDHS is composed of 4 main parts: a
sliding hip screw (SHS), a lateral plate (LP), a fixed screw, and
a locking nut (Figure 1, Chinese patent: ZL201020220250.3).
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After placement of the locking nut, there is a sliding space (0.3
0.5 mm) between the fixed screw and the locking nut, which
limits the SHS outward displacement.

Specimens and fracture model establishment

Intertrochanteric fracture models were established in a total
of 6 fresh cadavers provided by the Department of Anatomy at
Soochow University (4 males, 2 females; mean age 68.4 years;
average weight 64 kg), including Evan’s type | fracture (n=3)
and type Il (n=3), according to a previous report [7].

To reduce various biases among different cadavers, we used
the left-to-right comparison in this study. LDHS technique was
performed on the left femoral head of each cadaver (LDHS
group: n=6), while DHS was performed on the right side (DHS
group: n=6).

This study was approved by the Ethics Committee of the Second
Affiliated Hospital of Soochow University. Prior to testing, the
soft tissue was stripped from the femurs and X-ray imaging
was used to exclude femurs with fractures, tumors, and oth-
er pathological diseases.

Biomechanical measurement

After fixation by either LDHS or DHS, fractured femurs under-
went identical biomechanical measurements for compressive
strength, rigidity, shear stress and strain, torsional properties,
and ultimate loads. Measurements were performed according
to methods described previously [8]. Before testing, 6 sensors
(R=120Q+0.1%, R=2.16, 1.50x1.50 mm) were placed around
the femurs, mimicking the single-leg stance loading configura-
tion by taking into account the effects of abductor muscles on
the femurs. Baselines of material mechanical properties were
measured before starting all experiments. Femurs were load-
ed and unloaded 3 times with a weight of 100 N to minimize
the temporal influence on femur bone loosening and distor-
tion. A WDW computer-controlled electronic pull testing ma-
chine (Changchun New Test Instrument Co., LTD, Changchun,
China) was used for the serial load assessment, from 0 to
1200 N, and at the rate of 1.5 mm/s. The measurement of
horizontal (U) and vertical (V) movements of femurs was per-
formed using the KG-101 grating displacement measurement
system provided by the Electrical and Mechanical Factory of
Shanghai University (Shanghai, China). The operational setup
is illustrated in Figure 2.

Statistical analysis
SPSS 20.0 software (IBM, Armonk, NY, USA) was used for sta-

tistical analysis. Mechanical parameters of each group are pre-
sented as mean + standard deviation (x+SD). The significance
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Figure 1. Design of limited dynamic hip screw (LDHS). a — Sliding hip screw (SHS); b — lateral plate (LP); c — a fixed screw; d — a locking
nut; e — a sliding space (0.3-0.5 mm) between fixed screw and locking nut.
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Figure 2. Schematic diagram of experiments and illustration of actual operation. (A) Schematic diagram of Evan’s type | or Il fracture
models. P — load; U — sensor of horizontal displacement; V — sensor of vertical displacement; a—f — location of resistance chip

measurement. (B) lllustration of actual operation.

of differences in the parameters was analyzed using the inde-
pendent-samples t test, and p<0.05 was considered to repre-
sent a statistically significant difference.

Results

Compressive strength of the femoral head

To evaluate the effects of LDHS in different types of intertro-
chanteric fractures, we made comparisons in both Evan’s type
I and type Il fracture models. For Evan’s type I, under 1200N
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loading, LDHS provided 18% better stability than DHS for out-
side (OS) fixation and 11% better stability for the inside (IS)
fixation. Similarly, for Evan’s type Il fracture, LDHS was 14%
better than DHS for both OS and IS fixations under the same
loading. The differences between DHS and LDHS in both Evan’s
type | and type Il were statistically significant (p<0.05) (Table 1),
suggesting that the LDHS design provides better compressive
strength for the femur, especially for outside fixation.
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Table 1. Compressive strength of LDHS and DHS in Evan’s type | and Evan’s type Il fracture models, under a load of 1200 N (MPa,
X £S).

Evan’s | Evan’s Il

P value

0OS - outside fixation; IS — inside fixation.
Table 2. Rigidity of the LDHS and DHS in Evan’s | and Evan’s Il fracture models (N/mm, % £S).

Evan’s | Evan’s Il

P value

EF — axial rigidity; GF — horizontal shear rigidity.
Table 3. Shear stress and strain of LDHS and DHS in Evan’s type | and Evan’s type Il fracture models (}+S).

Evan’s | Evan’s Il

Shear stress (MPa)

Shear strain (pe) Shear stress (MPa) Shear strain (pe)

DHS 3.22+0.30 56.00+5.30 2.22+0.18 37.89+0.36
"""""" IDHS  386:038  6400£442 251021 42664041
o tvale 2868 a6 2312 3486
"""""" Pvalte 00313 0049 0024 00303

0OS - outside fixation; IS — inside fixation.
Rigidity of the femoral head

Rigidity of the femur measures the extent of femoral defor-
mity under external pressure, which is represented by axi-
al rigidity (EF) and horizontal shear rigidity (GF). Table 2 lists
the rigidity measurements of the femoral head between the
LDHS group and DHS group. Under 1200N loading, for Evan’s
type | fracture, LDHS provided significantly greater EF and
GF compared to DHS (10% and 11%, respectively); while for
Evan’s type Il fracture, LDHS still provided significantly high-
er EF and GF than DHS (13% and 14%, respectively). These
results show that LDHS is superior to DHS in providing resis-
tance to deformation.
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Shear stress and strain of the femoral head

Even after stabilization of an intertrochanteric fracture, large
hip loads can still cause implant cutout, downward slipping/
displacement, or pelvic migration. The results of shear stress
(t) and shear strain (y) measurement for the LDHS and DHS
under 1200 N load pressure are presented in Table 3. We
found that shear stress of LDHS was 16% and 12% higher for
Evan’s type | fracture and type Il fracture, respectively, com-
pared with DHS. In contrast, compared with DHS, shear strain
of LDHS was 13% and 12% lower for Evan’s type | fracture and
type Il fracture, respectively. All differences were statistically
significant. Taken together, these results suggested that the
LDHS can more effectively prevent implant nails from sliding,
strengthen the femoral neck, enhance load resistance, and de-
crease the incidence of pelvic migration.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



Zhang C. et al.:
LDHS for treatment of intertrochanteric fractures
© Med Sci Monit, 2018; 24: 1769-1775

CLINICAL RESEARCH

Table 4. Torque and torsional rigidity of LDHS and DHS in Evan’s type | and Evan’s type Il fracture models () £S).

Evan’s |

Torsional rigidity

Evan’s Il

Torque (NxM) Torsional rigidity

(NxM/deg) (NxM/deg)

DHS 3.16+0.28 1.09+0.07 2.01+0.17 1.06+0.04
"""""" HS 3381030  119:008 2185018 1174006
O tvalee s 3254 w227 3147
"""""" Pvate 00876 00688 0073 00588

P value 0.0206 0.2073 0.0436 0.3482
Ps — ultimate load; A — displacement of fractures.
Torsional properties of the femoral head Discussion

Femoral torsional properties were examined by the application
of torsional load carried out at a clockwise rate of 0.032°/s and
measured by torque and torsional rigidity. For fracture of Evan’s
type |, the torque and torsional rigidity of LDHS were 7% and
8% higher than those of DHS, respectively. In the Evan’s type
Il fracture model group, 8% and 9% higher torque and torsion-
al rigidity, respectively, were observed in LDHS compared with
DHS. Although LDHS provided better torsional properties in the 2
groups, the differences were not statistically significant (Table 4).

Ultimate load of the femoral head

The ultimate load for a stabilized intertrochanteric fracture
is defined as the limit loads that cause either a re-fracture
of greater than 5 mm displacement, a major screw cutout, or
screw slide. For Evan’s type | and Il fractures, the ultimate load
of LDHS was significantly higher (by 11% and by 12%, respec-
tively) than that of DHS (Table 5). Regarding the damage from
the ultimate load, 7 models were due to displacement of more
than 5 mm, and 5 models were due to re-fracture with con-
stant cracking sounds and a significant slipping of the screw.
The screws from the DHS-stabilized fracture slipped by 2.8
mm under 1200 N load and showed signs of early damage. It
should be noted that the majority of both fixation mechanics
remains intact except for the main screws. Therefore, based
on these ultimate load measurements, LDHS provided better
load capacity than DHS.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Since 1951, when the Polish physician Ernst Pohl first demon-
strated the use of the classic form of DHS for the treatment
of femoral fractures, DHS has been considered to be the ide-
al treatment option for extra-medullary fixation of the inter-
trochanteric fracture, with features of solid screw-based frac-
ture fixation, a yield point at the junction of the hip screws
and steel plate, and dynamics and statics of double pressur-
ization [9]. However, the unrestrained displacement of the
dynamic screw and single screw with low resistance to the
rotational pressure leads to higher failure rates in the treat-
ment of osteoporosis-related or unstable fractures [5,10-12].
Gotfried et al. [13] modified the traditional DHS and designed
and manufactured a new internal fixation system, named per-
cutaneous compression plating (PCCP), which utilized a similar
sliding-based pressurization method and used double screws to
increase the resistance to rotational pressure, and the smaller
wound and less bleeding help make it more applicable in clin-
ical practice [14]. However, higher technical requirements and
much X-ray exposure limited its wide application.

DHS provides continuous dynamic pressure to promote bone
union and thus reduces the occurrence of nonunion. However,
the unlimited dynamic pressure tends to cause complications
and treatment failure [7]. It has been reported that when screw
sliding exceeds 15 mm, it is considered a treatment failure [15].
LPFP offers an advantage of immediate stabilization, but dis-
advantages of complete lock-in-associated nonunion and high

1773

Indexed in:

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]

[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



CLINICAL RESEARCH

incidence of internal fixation failure [16]. To deal with these
clinical problems, LDHS preserves the feature of the traditional
dynamic screw by keeping the screw sliding cavity, which not
only maintains the dynamic pressure to facilitate bone union,
but also prevents the main screw from unlimited outside slid-
ing. These modifications effectively limit the main screw slid-
ing and reduce the complications of DHS.

The present study demonstrates that LDHS significantly im-
proved biomechanical properties compared with DHS. This is
because LDHS limits the outward dislocation of the sliding hip
screw, which strengthens the fixation of the screw and pro-
vides better structural stability. LDHS also reduces the inci-
dence of coxa vara complications, making it suitable as an in-
ternal fixation treatment for unstable fractures. According to a
study by Brandt et al. comparing the biomechanical properties
of PCCP and DHS, LDHS has similar biomechanical properties
to those of PCCP, which was superior to DHS [17]. Moreover,
when the limited sliding reaches the final stage of de-dynam-
ization due to a vibration between the plate cannula of the
lateral plate and locking cap, the vibration between the frac-
tured pieces could facilitate the bone union [18]. Wu et al. has
also demonstrated that although cement-augmented DHS en-
hanced the screw fixation, it increases the incidence of delayed
union and nonunion [19].

LDHS maintains the dynamic feature of the DHS to effectively
enhance bone union. However, if the implant position is not se-
lected correctly, implant failure and bone nonunion inevitably
occur. Baumgaertner et al. proposed the concept of tip-apex
distance (TAD) in 1995 as the predictor for a hip fracture fixa-
tion failure rate, and reported that for a TAD less than 20 mm,
there would be a lower incidence of screw cutout, whereas
for a TAD greater than 50 mm, the cutout rate is more than
60% [20]. Their study further suggested that it was better to
implant the screw at the center of the femoral head to reduce
the occurrence of screw cutout. Hsueh et al. evaluated 937
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cases of intertrochanteric fractures and concluded that the
TAD, screw position, and suboptimal fracture reduction are the
main reasons for screw cutout [1]. In our study, we strictly fol-
lowed the protocol to implant both LDHS and DHS screws at
the center or lower 1/3 of the fractured femoral neck with a
forward angle of 10-15°. The screw cutout was only observed
when tested femurs were challenged with loads exceeding the
ultimate load capacity. Buciuto and Hammer suggested that
the ideal position for screw placement is 5-8 mm below the
cartilage portion of the femur head, which provides a reliable
fixation for the screws [21]. In summary, appropriate place-
ment of LDHS is essential for the treatment of intertrochan-
teric fractures.

This study has certain limitations. The small sample size weak-
ened our conclusions, but we could not justify an increase
in the sample size because including more than 11 matched
pairs would provide a statistical power of 80%. Additionally,
although left-to-right comparison was used to control bias, in-
cluding age, sex, and bone mineral density (BMD), we could not
exclude all the effects of anatomical discrepancy between the
2 sides of each cadaver. Moreover, the superior biomechani-
cal properties of LDHS were only demonstrated in cadavers,
so further clinical studies are still required.

Conclusions

We introduce a novel LDHS technique for treating intertrochan-
teric fractures, and demonstrated its superior biomechanical
effects compared to DHS. Our results show that LDHS, as a
new internal fixation device, may be an alternative option in
the treatment of intertrochanteric fractures.
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