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insertion following the removal of the
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evaluation using trochanteric gamma 3
locking nail versus PFN antirotation
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Abstract

Objective: When a hip screw needs to be changed, choosing between the conventional (C-type) and helical blade
(H-type) types is difficult. In this biomechanical study, we compared these two screw types relative to the type of
the initial screw used.

Methods: C- or H-type screws were inserted (leading screw) in three types of polyurethane bone models
(Sawbone, Pacific Research Laboratories, Inc., Washington, USA: 130 × 180 × 40 mm) of different bone mineral
densities (pounds per cubic feet [PCF] 5, 80 kg/m3; PCF 10, 160 kg/m3; and PCF 15, 240 kg/m3), and then
successively or alternately inserted (following screw) after the leading screw removal. An original model (original C
and H) of a leading screw without removal was created as a control. The strengths of resistance to pullout (PO) and
rotational stress were measured. For each experimental condition, there were 30 experimental models.

Results: The original C screw was superior in PO strength, and the original H-type screw was superior in rotational
strength. When the C- or H-type screw was the leading screw, using the C-type screw again as the following screw
(C1-C2, H1-C2) showed the greatest resistance to PO, and using the H-type screw as the following screw (C1-H2,
H1-H2) showed superior resistance to rotational strength. However, the rotational strength of the C2 screw
decreased by more than 50% compared with that of the original C screw. Moreover, the PO and rotational
strengths of the H2 screw decreased to less than 30% overall compared with those of the original H screw.

Conclusion: The H-type screw should be used for second-time screw insertion procedures in cases where it is
difficult to choose between PO and rotational strengths.
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Background
Femoral intertrochanteric fractures (IT Fx) are represen-
tative osteoporotic fractures in elderly patients, and their
incidence has markedly increased in aging societies [1].
For most IT Fx, the complications are prevented with
early surgical management. Surgical treatment using the
nail system for hip (NSH) is emerging as a popular pro-
cedure [2]. The representative types of hip screws
inserted into the femoral head in the NSH system are
the conventional-type (C-type) and helical blade-type
(H-type) screw; the most stable insertion site is the
center-center of the femoral head [3]. Although the
NSH system has been successfully used for treating IT
Fx [4, 5], the overall rate of mechanical complications
was reportedly 8% [6] in Gamma nail and 10.8% [7] in
PFNA; thus, revisions may be required for to prevent fix-
ation failure or trauma. Bojan et al. [8] reported that fix-
ation failure following intramedullary fixation occurred
in patients with at least one of the major factors: fracture
classification, inadequate reduction, and improper posi-
tioning of the delay screw. For revisional surgery, osteo-
synthesis is reattempted using various implants for
internal fixation or arthroplasty. Whereas hip replace-
ment after intertrochanteric fixation failure was usually
salvaged where lag screw cut-out generally occurs with
little proximal bone remaining, or in cases of severe
osteoporosis. Furthermore, osteosynthesis revisional sur-
gery through open reduction and internal fixation pre-
serves the native femoral head; plates with 95° blades are
useful when they target bone in the inferior portion of
femoral heads that have not been violated by prior fix-
ation devices [9]. In specific conditions, such as when
the femoral head bone defect is small and the bone qual-
ity is adequate for reinserting the hip screw, a method of
attempting osteosynthesis is by replacing the NSH sys-
tem currently in place while replacing the length of the
intramedullary nail. The success rate of intertrochanteric
fixation failure after refixation was approximately 66.7%
[10]. At this time, if the position of the previously
inserted hip screw (leading screw, number 1) is center-
center, the new hip screw (following screw, number 2) is
reinserted in the same position as the leading screw.
Surgeons must select a representative screw type (C- or
H-type). The concern is whether the following inserted
screw should be of the same type as the previously
inserted leading screw or of another type. This is be-
cause the most stable fixation must be obtained to re-
duce the risk of failure after reoperation. Therefore, in
this biomechanical study, we attempted to determine the
best screw type to use in second-time insertions in rela-
tion to the original type, by comparing C (trochanteric
gamma 3 locking nail) and H (PFN antirotation) type
screws in a polyurethane synthetic bone model.

Methods
Experimental design
This study used an experimental polyurethane-based
artificial bone model (Sawbone, Pacific Research Labora-
tories, Inc., Washington, USA: 130 × 180 × 40mm)
which is widely used in biomechanical experiments. IT
Fx occur not only in patients with osteoporosis but also
in patients with an osteopenic bone mineral density
(BMD). Thus, the experimental bone models reflected
three types of BMD: severe osteoporotic (pounds per
cubic feet [PCF] 5, 80 kg/m3), mild osteopenic (PCF 10,
160 kg/m3), and osteopenic (PCF 15, 240 kg/m3). Two
types of hip screws were used: a third-generation gamma
nail (trochanteric gamma 3 locking nail; Stryker,
Germany) as the C-type screw and a PFN antirotation
(PFNA-II, Synthes, Solothurn, Switzerland) as the H-
type screw. The length of the hip screws were uniform
at 100 mm (Fig. 1A). A 130 × 180-mm bone model was
uniformly divided into six equal 60 × 60-mm parts.
Thereafter, 60 × 60 × 40-mm (width–length–height) lab
blocks were prepared. A total of 2160 lab blocks (720
per BMD model: PCF 5, 10, and 15) were produced. A
special device was designed to ensure that the femoral
head screw was inserted at the same position and depth
for each block (Fig. 1B).
The following experimental designs were applied: (1)

insertion of the original screw (original C and original
H) as the leading screw, and without removal, (2) re-
moval of the leading screw and insertion of a subsequent
screw of the same type without reaming (C1-C2, H1-
H2), (3) removal of the leading screw and insertion of a
following screw of a different type (C1-H2, H1-C2) after
reaming (RO), and (4) removal of the leading screw and
insertion of a subsequent screw of a different type (C1-
H2, H1-C2) without reaming (RX). By applying these
four experimental conditions to the two different types
of hip screws, eight experimental models were obtained:
original H, H1-H2, H1-ROC2, and H1-RXC2; and ori-
ginal C, C1-C2, C1-ROH2, and C1-RXH2. For all eight
models, the pullout (PO), clockwise rotation (CWR), and
counterclockwise rotation (CCWR) strengths of the fol-
lowing and original screws were evaluated, considering
the BMD. We further evaluated the change in strength
reduction in the PO, CWR, and CCWR strengths, be-
tween the original and the following screw (original C
vs. C2, original H vs. H2).
A servohydraulic testing machine (MTS, 858 MiniBio-

nix, Erie, USA) was used to ensure that the same force
was applied during insertion, removal, and reinsertion of
the hip screws. Using an automated torque tester (Vor-
tex-i, Mecmesin Co., West Sussex, UK), an axial loading
of 9.8 (1-kgf) to 29.4 (3-kgf) N at a speed of 3 r/min was
applied. The entire experimental process was supervised
by one orthopedic surgeon with > 10 years’ experience in
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surgically treating hip fractures to reduce the difference
in force applied to screw insertion and removal (Fig.
1C).
The sample size was calculated using G*Power 3.1

software (Faul, Erdfelder, Buchner & Lang) for using a
two-sided two sample t-test with an effect size of 0.8.
Twenty-six samples were needed to achieve a power of
80% at 0.05 significance level. Owing to predicted test
failures, we proceeded to 30 per each experimental
model.
The screws were evaluated for resistance to PO, CWR,

and CCWR. Evaluations were performed using 30 lab
blocks for each experimental model. Each lab block was
fixed firmly with a custom-made jig in the frame of a
universal material testing machine (MTS Systems Corp.,
Eden Prairie, MN, USA). Lag in the lab block was tested
according to the international test standard, ASTM
F543. PO stress was applied at a speed of 5 mm/min
until the screw came out (Fig. 2A, B). After deriving the
load-displacement graph for the tensile loading, the
maximal tensile loading force was recorded in Newton
(N). The load conditions were set by referring to the
bone screw pullout test method of ASTM F543; the
load-displacement graph was derived using the load data
recorded according to the displacement control; and N,
the highest value in the graph, was called the maximum

load. A rotation experiment was performed using the
same experimental equipment used in the PO experi-
ment. When inserting the hip screw into the femoral
head, the rotation direction of the screw is different to
the anterior and posterior of the hip joint, depending on
whether the left or right hip joint was being operated
on. Mohan et al. [11] reported that the rotation direction
may influence the stability of the hip screw because it is
different from that of the rear. Therefore, the rotation
direction was divided into CW and CCW directions. Ro-
tation was carried out at a test speed of 120°/min (Fig.
2C, D). After deriving the torque-angle graph, the max-
imum torque value was recorded in N-cm.

Statistical analysis
Descriptive data are presented as means and standard
deviations. Comparisons between two groups were per-
formed using an independent t-test when normality was
satisfied, and the Mann–Whitney U test when normality
was not satisfied. Normality tests were performed using
the Shapiro–Wilk test. For comparisons among three
groups, we used analysis of variance (ANOVA) with
Tukey’s test or the Games–Howell post hoc test when
normality was satisfied. The Kruskal–Wallis and Dunn
tests when normality was not satisfied. If the results of
each ANOVA and Kruskal–Wallis test were significant,

Fig. 1 A The conventional- and helical blade-type hip screws used. Cross and longitudinal sections after insertion into the bone model are
indicated. B A special box made to insert a screw at the same location and depth in the polyurethane bone model for testing. C Two types of
hip screws are inserted in the experimental bone model, which are cut to the same size and height

Fig. 2 A, B Experiment for assessing the pullout strength of conventional- and helical blade-type hip screws. C, D Experiment for assessing the
rotational strength of conventional- and helical blade-type hip screws
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the corresponding post hoc analysis was used. Statistical
significance was defined as a p value < 0.05. All analyses
were performed using R 4.0.1 (R Development Core
Team; R Foundation for Statistical Computing, Vienna,
Austria).

Results
PO strength of the following screw after removing the
leading screw
When the C-type screw was the leading screw, using the
C-type screw as the following screw (C1-C2) gave the
greatest resistance to PO with a significant difference
compared with using the H screw as the following screw
(C1-H2). When the H-type screw was the leading screw,
using the C-type screw as the following screw (H1-C2)
gave the greatest resistance to PO with a significant dif-
ference, compared to the H screw (H1-H2) in all bone
models. When the leading screw and the following screw
were different (C1-H2 or H1-C2), reaming did not affect
the PO strength, except in the case of C1-RXH2, where
the PO strength was significantly lower than PCF 10
(Table 1) (Fig. 3A, B).

Rotation strength of the following screw after removing
the leading screw
When the C-type screw was the leading screw, using the
H-type screw as the following screw (C1-H2) gave su-
perior resistance to rotational strength with a significant
difference compared to using the C-type screw (C1-C2),
regardless of the rotation direction and BMD. When the
H-type screw was the leading screw, using the H-type
screw as the following screw (H1-H2) gave superior re-
sistance to rotational strength with a significant differ-
ence compared to using the C-type screw (H1-C2),
regardless of the rotation direction and BMD. In particu-
lar, when the leading screw was an H-type screw and a
C-type screw was the following screw after reaming
(H1-ROC2), the rotational strength was significantly
lower than when the reaming was not performed (CW
on PCF 5 and 10 and CCW on PCF 10 and 15) (Table 2)
(Fig. 3C, D, E, F).

PO and rotation strength differences between the two
types of original screws: original C versus original H
The comparison of the resistance to PO strength be-
tween the two types of original screws (original C- vs.
H-type screws) showed that the C-type screw was sig-
nificantly superior to the H-type screw for all BMDs. In
contrast, the H-type screw was significantly superior to
the C-type screw in terms of rotational strength, regard-
less of the rotation direction and the BMD (Table 3)
(Fig. 4A, B, C).

Changes in resistance to PO and rotational stress
between the leading and following screws (original C vs.
C2)
When the following screw was a C-type screw (C1-C2,
H1-ROC2, H1-RXC2), the PO strength for the C2 sig-
nificantly decreased to < 50% overall compared with that
for the original C. When the following screw was a C-
type screw (C1-C2, H1-ROC2, H1-RXC2), the rotational
strength for C2 significantly decreased compared with
that for the original C in both CW and CCW. In par-
ticular, the rotation strength compared with that for the
original C decreased by > 50% in all other cases except
for C1-C2 (CCW, 47.13%) in PCF 5 and C1-C2 (CW,
46.69%), H1-ROC2 (CCW, 47.76%), and H1-RXC2
(CCW, 43.41%) in PCF 15 (Table 4) (Fig. 5A, C, E).

Changes in resistance to PO and rotational stress
between the leading and following screws (original H vs.
H2)
When the following screw was used as an H-type screw
(H1-H2, C1-ROH2, C1-RXH2), the PO strength for H2
decreased to < 30% overall compared to that of the ori-
ginal H, and the difference was significant except for
H1-H2 (PCF 10, p = 0.358). When the following screw

Table 1 Changes in pullout strength by inserting a
conventional- or helical blade-type hip screw into a
polyurethane bone model of different bone densities, with the
types of the leading and following screws kept the same or
alternated

BMD 1 2 Pullout p
valueAverage (min–max) (N)

5 C1 C2 174.55 (138–207)a

5 C1 ROH2 107.03 (96–120)b < 0.001

5 C1 RXH2 111.56 (90–135)b

5 H1 H2 128.85 (106–148)b

5 H1 ROC2 158.97 (135–194)a < 0.001

5 H1 RXC2 160.36 (101–222)a

10 C1 C2 445.64 (348–552)a

10 C1 ROH2 285.17 (256–314)b < 0.001

10 C1 RXH2 272.63 (253–290)c

10 H1 H2 318.17 (279–382)b

10 H1 ROC2 338.81 (284–382)a < 0.001

10 H1 RXC2 351.22 (299–395)a

15 C1 C2 914.53 (665–1106)a

15 C1 ROH2 636.36 (507–726)b < 0.001

15 C1 RXH2 626.09 (536–733)b

15 H1 H2 833.24 (777–892)b

15 H1 ROC2 868.54 (727–966)a < 0.001

15 H1 RXC2 879.78 (744–1004)a

1, leading screw; 2, following screw; C, conventional-type screw; H, helical
blade-type screw RO, following screw insertion after reaming; RX, following
screw insertion without reaming; BMD bone model density
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Fig. 3 A, B The resistance strength of the following screw against pullout stress is superior to the case of using a C-type screw as the following
screw (C2) in all PCFs regardless of the type of leading screw and whether reaming is performed. C, D The resistance strength of the following
screw against clockwise rotation stress is superior to the case (H2) using the H-type screw as the following screw, in all PCFs regardless of the
type of the leading screw and whether reaming is performed. (E, F) The resistance strength of the following screw against counter-clockwise
rotation stress is superior to the case of using an H-type screw as the following screw (H2) in all PCFs regardless of the type of leading screw and
whether reaming is performed

Table 2 Changes in rotational strength by inserting a conventional- or helical blade-type hip screw into a polyurethane bone
model, with the leading and following screws kept the same or alternated

BMD 1 2 CW rotation CCW rotation

Average (min–max) (N) p value Average (min–max) (N) p value

5 C1 C2 20.23 (17–23)b 9.35 (8–11)b

5 C1 ROH2 87.24 (66–103)a < 0.001 76.19 (71–80)a < 0.001

5 C1 RXH2 90.08 (68–105)a 75.66 (65–89)a

5 H1 H2 93.82 (82–105)a 84.39 (68–102)a

5 H1 ROC2 15.69 (11–21)c < 0.001 6.27 (5–8)b < 0.001

5 H1 RXC2 18.69 (16–20)b 6.07 (6–6)b

10 C1 C2 46.09 (41–54)c 28.73 (25–33)c

10 C1 ROH2 117.53 (72–160)b < 0.001 120.85 (88–153)b < 0.001

10 C1 RXH2 146.90 (104–178)a 147.6 (123–163)a

10 H1 H2 120.84 (92–147)a 120.05 (80–153)a

10 H1 ROC2 27.03 (19–35)c < 0.001 22.8 (22–23)c < 0.001

10 H1 RXC2 31.61 (26–42)b 26.34 (24–28)b

15 C1 C2 89.52 (45–129)b 65.83 (59–75)b

15 C1 ROH2 174.30 (116–232)a < 0.001 195.66 (153–219)a < 0.001

15 C1 RXH2 183.82 (145–208)a 204.12 (152–261)a

15 H1 H2 214.62 (157–267)a 196.6 (172–224)a

15 H1 ROC2 67.17 (61–71)b < 0.001 58.13 (57–60)c < 0.001

15 H1 RXC2 71.49 (63–82)b 62.97 (52–71)b

1, leading screw; 2, following screw; C, conventional-type screw; CCW counterclockwise; CW clockwise; H helical blade-type screw; RO, following screw insertion
after reaming; RX, following screw insertion without reaming; BMD bone model density
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was used as an H-type screw (H1-H2, C1-ROH2, C1-
RXH2), the rotational strength for H2 significantly de-
creased compared to that of the original H in both CW
and CCW, except for H1-H2 (PCF 5, CCW) and C1-
RXH2 (PCF 10 and 15, CCW). In particular, the rota-
tional strength compared to that of the original H de-
creased by < 30% in all cases (Table 4) (Fig. 5B, D, F).

Discussion
Despite successful outcomes of treating IT Fx using the
NSH [4, 5], revision is often required due to treatment
failure, such as femoral head perforation, nonunion, loss
of reduction, and periprosthetic fracture [12, 13]. Op-
tions for the revisional surgery include changing the hip

screw and intramedullary nail [14], salvage procedures
that augment the bone cement on the cancellous bone
in the femoral head before changing the hip screw [15],
and hip arthroplasty. When the revisional surgery is
osteosynthesis, the preoperative evaluation of bone qual-
ity and the amount of femoral head bone loss is import-
ant because patients with IT Fx usually have low BMD,
accompanied by femoral head bone loss experienced
during the removal of the previously inserted screws
[16]. Min et al. [10] suggested a treatment strategy for
osteosynthesis in cases of minimal femoral head bone
loss with a sufficient neck–shaft angle, where a 95°-an-
gled blade plate is considered if there were no defects in
the inferior part of the femoral head. Moreover, in the
case of no defects in the superior part of the femoral
head, a 135°-angled blade plate, dynamic hip screw, or
NSH was considered. They suggested that if the superior
part of the femoral head was intact, revision for osteo-
synthesis using a dynamic hip screw or NSH would be
possible. However, they did not present the appropriate
type of hip screw to be considered as the following screw
based on the type of the leading screw for revisional sur-
gery. The authors suggested that, in cases where the su-
perior part of the femoral head is intact and the position
of the leading screw is the center-center on the femoral
head, it is challenging to decide the type of the subse-
quent screw (C- or H-type screw) for insertion in the
same site as the leading screw during revision [3, 17].
Accordingly, we investigated the strength of the follow-
ing screw against PO and rotational stress, considering
the state of the bone defects caused by removing the
leading screw.
Erhart et al. [18] reported that the PO strength is im-

portant when inserting a following screw after removing
the leading screw in IT Fx revisional surgery. In our
study, the C-type screw showed superior PO stress
strength both when used as an original and as a follow-
ing screw. Although the PO strength of H2 was smaller
than that of C2, the decrease in PO strength of H2 com-
pared with that of the original H screw was < 30%. The

Table 3 Pullout and rotational strengths by inserting a
conventional- or helical blade-type hip screw into a
polyurethane bone model, with the leading (original) screw

BMD Original C Original H p value

Pullout

Average (min–max) (N) Average (min–max) (N)

5 253.36 (225.9–280.1) 146.15 (114.9–162.7) < 0.001

10 575.76 (504.7–669.1) 322.81 (257.0–374.2) < 0.001

15 1261.33 (1078.0–1497.5) 870.87 (784.1–957.7) 0.031

CW rotation

Average (min–max) (N) Average (min–max) (N)

5 41.39 (35.5–46.1) 99.73 (91.9–110.0) < 0.001

10 98.47 (82.8–116.6) 154.02 (132.2–174.3) < 0.001

15 167.93 (143.4–188.8) 244.74 (197.7–300.4) < 0.001

CCW rotation

Average (min–max) (N) Average (min–max) (N)

5 17.68 (16.2–19.3) 85.42 (75.1–95.4) < 0.001

10 57.68 (38.9–72.1) 147.6 (123.0–163.2) < 0.001

15 111.27 (82.1–157.5) 211.49 (118.2–272.7) < 0.001

BMD bone model density; CCW counterclockwise strength; CW clockwise
strength; C conventional-type screw; H helical blade-type screw

Fig. 4 A Resistance strength of the C-type screw was significantly superior to that of the H-type screw against pull-out stress in all PCF (B, C)
Resistance strength of the H-type screw was significantly superior to that of the C-type screw against rotation stress (either clockwise [B] or
counter-clockwise [C]) for all PCF
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difference in the PO strength between C2 and H2 could
be attributed to the difference in the unique design of
each screw.
Rotational stability is another important factor in de-

termining postoperative fixation failure in IT Fx [19].

Because the implants should be able to maintain the ro-
tational stability of short and damaged proximal frag-
ments during the fracture healing process, the choice of
implant is important when a revision is performed be-
cause of failure after treatment. Here, the H-type screw

Table 4 Percent reduction of the pullout and rotational strengths of the following screws relevant to those of the original screws of
the C- and H-type screws

C2 H2

C1-C2 H1-ROC2 H1-RXC2 H1-H2 C1-ROH2 C1-RXH2

RD (%) p value RD (%) p value RD (%) p value RD (%) p value RD (%) p value RD (%) p value

Pullout Pullout

PCF 5 31.11 < 0.001 37.26 < 0.001 36.71 < 0.001 PCF 5 11.84 < 0.001 26.77 < 0.001 23.67 < 0.001

PCF 10 22.6 < 0.001 41.15 < 0.001 39 < 0.001 PCF 10 1.44 0.358 11.66 < 0.001 15.54 < 0.001

PCF 15 27.5 < 0.001 31.14 < 0.001 30.25 < 0.001 PCF 15 4.32 0.001 26.93 < 0.001 28.11 < 0.001

Clockwise rotation Clockwise rotation

PCF 5 51.13* < 0.001 62.10* < 0.001 54.83* < 0.001 PCF 5 5.93 12.52 < 0.001 9.68 < 0.001

PCF 10 53.20* < 0.001 72.55* < 0.001 67.90* < 0.001 PCF 10 21.54 23.69 < 0.001 4.62 0.102

PCF 15 46.69 < 0.001 60.00* < 0.001 57.43* < 0.001 PCF 15 12.31 28.78 < 0.001 24.89 < 0.001

Counterclockwise rotation Counterclockwise rotation

PCF 5 47.13 < 0.001 64.52* < 0.001 65.69* < 0.001 PCF 5 1.21 0.564 10.81 < 0.001 11.43 < 0.001

PCF 10 50.19* < 0.001 60.48* < 0.001 54.33* < 0.001 PCF 10 18.67 < 0.001 18.13 < 0.001 1.74 0.441

PCF 15 40.84 < 0.001 47.76 < 0.001 43.41 < 0.001 PCF 15 7.04 0.015 7.48 0.015 3.48 0.218

C conventional-type screw; H helical blade-type screw; RO, following screw insertion after reaming; RX, following screw insertion without reaming; RD, strength
reduction rate (%) compared with original screw; PCF pounds per cubic feet
*50% above strength reduction compared with original screw

Fig. 5 When the C-type (C2) and H-type (H2) screws used as the following screws were compared with the original screws, (A, B) the resistance
strength against pullout stress decreased in C2 significantly to < 50% overall compared with that for the original C and that decreased in H2 to <
30% overall compared with that of the original H; the differences were significant except for H1-H2 (PCF 10, p = 0.358). C, E the rotational
strength for C2 significantly decreased compared with that for the original C in both CW (C) and CCW (E). In particular, the rotation strength
compared with that for the original C decreased by > 50% in all other cases except for C1-C2 (CCW, 47.13%) in PCF 5 and C1-C2 (CW, 46.69%),
H1-ROC2 (CCW, 47.76%), and H1-RXC2 (CCW, 43.41%) in PCF 15. D, F The rotational strength for H2 significantly decreased compared with that of
the original H in both CW (D) and CCW (F), except for H1-H2 (PCF 5, CCW) and C1-RXH2 (PCF 10 and 15, CCW). In particular, the rotational
strength compared with that of the original H decreased by < 30% in all cases
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was superior in terms of rotational strength, both when
used as the original screw and as the following screw.
Compared with the C-type screw, the H-type screw had
superior rotational stability, which is likely due to lesser
bone loss during insertion and removal because of its
design characteristics. One study showed an elastic de-
formation of the trabeculae during insertion while the
helical blade presses the cancellous bone [20]. Further-
more, there is an increase in bone density due to bone
compactions around the H-type screw. This is a spring-
back effect in which the cancellous bone of the femoral
head is deformed by the rotation of the blade in the
range of elasticity during the removal process. This ad-
vantage of the H-type screw was considered more prom-
inent in cases of low BMD [21].
In our study, when the H-type screw was used as the

following screw, the rotational strength decreased by
≤30%, regardless of the type of leading screw and BMD.
However, when the C-type screw was used as the follow-
ing screw, the rotational strength decreased by > 50% in
most cases (except CCW alone on PCF 12), compared
to that of the original C. In particular, in H1-ROC2 with
osteoporosis (PCF 5 and 10), the rotation strength for
CW and CCW significantly decreased by > 60%. There-
fore, considering rotational strength, we recommend
using the H-type screw as the following screw (C1-H2,
H1-H2), regardless of the type of leading screw.
The differences in fixation strength when the C- and

H-type screws are inserted into the cancellous bone and
the stability after use for treating IT Fx have been
researched. However, there is still controversy on which
type of screw is superior [22–24]. In the case of inserting
the following screw in the same position as the leading
screw, if revision is due to fixation failure combined with
excessive sliding due to the weak resistance of the screw
against PO stress, the C-type screw is appropriate as the
following screw, as it increases PO stress resistance. If
the fixation failure is due to weak rotational stress, the
H-type screw is appropriate as the following screw as it
increases the rotational strength. However, since fixation
failure of IT Fx initiates by rotation of the femoral head,
which in turn causes excessive sliding [19, 23, 25], rota-
tional strength should be considered more important
than PO strength. In a biomechanical study by Summers
et al. [13] on a C-type gamma nail and an NSH in the
form of H-type screws rotated in osteoporosis and un-
stable fractures, it was said that because of having more
bearing capacity for the load, the resistance to perfor-
ation of the femoral head was high. It would, thus, be
advantageous to consider the H-type screw as the fol-
lowing screw if resistance to rotational stress is required
before surgery, considering that just 30% less reduction
in PO strength arises from the difference in design.
However, in elderly patients with low BMD and

accompanying bone defects, cement augmentation is ne-
cessary when reinserting the hip screw [26]. Alexander
et al. [27] reported that even if the hip screw is rein-
serted in a good position, if there is no cement augmen-
tation, the risk of fixation failure is high. Therefore, the
femoral head bone defect should be carefully evaluated
before revision.
This study has several limitations. First, we used poly-

urethane bone models, which do not reflect cancellous
bone impaction or autogenous cancellous bone grafting
that occurs with normal bone. However, using a fresh
bone model would have been inappropriate to reflect
various BMDs, and to consistently reproduce the experi-
ments under the same conditions. Our study aimed not
to examine the stability of fixation for IT Fx, but to de-
termine the fixation of the following screw in the cancel-
lous bone after removing the leading screw. Therefore, a
cancellous bone model with the same shape and BMD
was more appropriate than a fourth-generation compact
material or a fresh femoral bone model. Moreover, the
authors did not attempt a finite element model test
(FEM) as it was not possible to implement reaming and
reinsertion after screw removal, and it was difficult to
confirm the difference in mechanical characteristics ac-
cording to the thread of the screw. Second, the study did
not reflect the type of IT Fx, which may affect the stabil-
ity of the hip screw, and did not reflect the time elapsed
between inserting the leading and following screws,
which may affect the strength of the cancellous bone. In
addition to the motions of the fracture site, the loss of
the lateral wall of the trochanter can affect the stability
of the following screw. In particular, a comparative study
on bone defects in the lateral wall of the femur after re-
moval of PFNA-II and gamma 3 showed that gamma 3
using a C-type screw as a hip screw resulted in signifi-
cantly more bone defects [28]. Therefore, large-scale
prospective clinical studies are necessary. Third, this
study only focused on two specific types of screws while
there are various other types of hip screws that are ap-
propriate for PO and resistance against rotation in the
femoral head [29]. There are several studies experiment-
ing with variable tools, such as FEM under variable situ-
ations like temperature and force, during screw
insertion. Recently, NHS, which can use both the C-type
and H-type screws, has been developed and used; thus,
the screw inserted into the femur head can be ex-
changed without replacing the nail [30]. As for the bio-
mechanical perspective [31], bone cement augmentation
significantly increases the cut-out resistance of instru-
mented PFNA head elements and is a valid supplemen-
tary treatment option to such nailing procedures in
bones of poor quality. Therefore, a large-scale prospect-
ive study is also necessary to evaluate additional screw
types. Lastly, the study design used the screw in isolation
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without an intramedullary nail component. It would be
possible to obtain more useful information if the whole
construct including the nail was used and a fracture was
applied to the human femur.

Conclusions
In conclusion, it would be more appropriate to select
the C-type screw if the PO strength of the following
screw is important and select the H-type screw if rota-
tional strength is important. However, considering the
differences in the unique design of the two screws and
the important role of rotational strength, we believe that
the H-type screw should be chosen as the subsequent
screw, in cases in which it is difficult to choose between
the PO and rotational strengths. Finally, the authors be-
lieve that the results of this study will act as an import-
ant reference for selecting reinsertion hip screws,
specifically for patients whose screws need to be rein-
serted in the same position after surgical treatment with
NSH.
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