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Purpose: Although many studies have reported the use of dynamic hip screws (DHS) and cephalomedullary nailing (CMN) for
basicervical femoral neck fracture (BFNF), no clear treatment protocols have been recommended. The present study aimed to
compare the surgical outcomes associated with DHS and CMN to determine the appropriate fixation method for BENE
Materials and Methods: We systematically searched MEDLINE, Embase, and the Cochrane Library for studies published up to
January 9, 2021 that compared the treatment outcomes between CMN and DHS in BENE The primary outcomes of the present
meta-analysis were fracture union time, postoperative cut-out rate, and reoperation rate.

Results: We included seven studies involving 353 cases of BENF in our review. Of these, 206 patients were treated using CMN,
and DHS were utilized in 147 patients. In a pooled analysis, the DHS group required a longer time to achieve fracture union com-
pared to the CMN group [mean difference (MD): -0.41; 95% confidence interval (CI): -0.70, -0.12; p=0.006; I’=0%]. However, the
cut-out and reoperation rates exhibited no statistically significant differences between the DHS and CMN groups [cut-out odds ra-
tio (OR): 0.54; 95% CI: 0.10, 2.82; p=0.47; ’=24%, reoperation rate OR: 0.65; 95% CIL: 0.15, 2.86; p=0.57; I’=19%, respectively].
Conclusion: Stable fixation using DHS and CMN does not show a significant clinical or radiographical difference in BENE and
the implant can be selected based on the surgeon’s preference.
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INTRODUCTION

With increased life expectancy and improvement in medical
technology, the elderly population has also increased, with a
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concomitant increase in the incidence of hip fractures. Globally,
the number of patients with hip fractures was 1700000 in 1990
and is expected to reach 6300000 by 2050."* Complications are
common in elderly patients due to underlying cardiovascular
diseases and reduced lung function, and the mortality rate has
reached 20% even in 1-year follow-up studies.’ In addition, the
incidence of hip fractures exhibits a bimodal distribution, oc-
curring due to high-intensity injuries, such as in car accidents
or falls in the young.*

Hip fractures can be divided into two main categories as fol-
lows: femoral neck fractures and intertrochanteric fractures.
This anatomical classification is based on the anatomical loca-
tion of the fracture line.’ The selection of implant depends on
the level of displacement of the fracture, instability of the frac-
ture, patient age, and systemic conditions. Cancellous cannu-
lated screws (CCS) or arthroplasty may be used for femoral neck
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fracture, and intertrochanteric fractures are often treated with dy-
namic hip screws (DHS) and cephalomedullary nailing (CMN).®

Basicervical femoral neck fracture (BFNF) is located between
the femoral neck and intertrochanteric region and accounts
for 1.8%-7.7% of all hip fractures. It is a biomechanically un-
stable fracture with a high clinical treatment failure rate.>” To
date, many clinical trials and biomechanical studies have at-
tempted to identify an appropriate implant for application in
BFNE®*'"° Mousapour, et al." reported that CCS fixation, which is
often used for intracapsular fractures, is not effective for BENE
and that arthroplasty is more effective than DHS for the initial
treatment of displaced BFNE However, in general, arthroplas-
ty leads to increased bleeding and higher morbidity compared
to osteosynthesis, and it is difficult to consider arthroplasty as an
initial treatment particularly in young patients. Moreover, it is
onerous to consider arthroplasty as the initial treatment for
BFNF since avascular necrosis and non-union, which are major
complications of intra-capsular fractures, have not been re-
ported often in basal neck fractures.

Many studies have reported the treatment outcome of DHS
and CMN, which are often used for extracapsular hip fractures,
and the results have been controversial. Initially, sliding hip
screws were reported to be rotationally unstable owing to their
conical shape, and anti-rotational effects of additional cancel-
lous screws were reported.’> However, another study reported
that additional screws with sliding hip screws did not influence
fracture stability or clinical outcome.’ It was subsequently re-
ported that CMN is biomechanically stable and less invasive,
and demonstrated clinically and radiographically favorable out-
comes in BENE" However, recent reports also suggested that
CMN is not appropriate for unstable BENE

Owing to such conflicting reports, appropriate treatment for
BFNF remains a controversial issue, and only one review article
has been published on the topic.’ However, the same review ar-
ticle did not involve meta-analysis and suggested that further
research is needed without offering a clear directive regarding
various implants. To our knowledge, this is the first meta-anal-
ysis to determine an appropriate implant for BENE This study
aimed to comparatively analyze the clinical and radiographical
outcomes of DHS and CMN, both of which are currently used
for fixation of BENE by employing a meta-analysis and system-
atic review to determine the appropriate implant for BENE

MATERIALS AND METHODS

This study was performed in accordance with the guidelines
of the Revised Assessment of Multiple Systematic Reviews and
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.">'® Although the present study involved human par-
ticipants, ethical approval or informed consent from the par-
ticipants was not required since all of the data were based on
previously published studies that were analyzed anonymously
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without potential harm to the participants.

Literature search

In compliance with the referenced guidelines, MEDLINE, Em-
base, and the Cochrane Library were searched for studies that
compared the treatment outcomes of using CMN and DHS for
the fixation of BFNFs. Using an a priori search strategy, articles
published up to January 9, 2021 were identified. The search
terms included synonyms and related terms for CMN, DHS,
and BFNF as follows: (“nail*” OR “nailing*”) AND (“DHS” OR
“screw*” OR “fixed angle*”) AND (“Fracture*”) AND (“femur
neck” OR “femoral neck” OR “basicervical” OR “cervicotro-
chanter*”). There were no restrictions on either language or
publication year. After the initial electronic search, relevant arti-
cles and their bibliographies were also manually searched.

Study selection

Two board-certified orthopedic trauma surgeons independent-
ly selected the studies for full-text review from the titles and ab-
stracts of the studies. The full article was reviewed if the abstract
provided insufficient data to decide.

In this systematic review, the following inclusion criteria were
used: 1) direct comparison of intramedullary nailing and extra-
medullary DHS fixation to treat BFNF; 2) population: patients
diagnosed with BENF; 3) intervention: intramedullary nailing;
4) control: extramedullary DHS fixation; and 5) outcomes: treat-
ment outcomes including clinical and radiologic outcomes. We
excluded the studies that 1) were not performed for CMN, such
as ender nail; 2) included the non-traumatic fractures, such as
pathologic fractures; 3) were performed for combined fractures,
such as femoral shaft fractures; 4) were not original articles, in-
cluding biomechanical or cadaveric studies, technical notes,
letters to the editor, conference abstracts, expert opinions, re-
view articles, meta-analyses, and case reports; 5) did not report
results that would allow us to obtain or calculate comparative
data; and 6) were duplicates from the same investigation group.

At each stage of the literature search, kappa values were cal-
culated to determine inter-reviewer agreement for the study
selection. Agreement between reviewers was correlated with
kappa values a priori: k=1 indicated “perfect” agreement; 1.0>
k>0.8 indicated “almost perfect” agreement; 0.8>k>0.6 indi-
cated “substantial” agreement; 0.6>«> 0.4 indicated “moderate”
agreement; 0.4>«>0.2 indicated “fair” agreement; and x<0.2 in-
dicated “slight” agreement.

Data extraction
To synthesize the qualitative data, information on the following
variables was extracted using a standardized form: the study
design, number of patients investigated, type of implant used,
mean patient age, and follow-up period. The modality used for
diagnosing BENF and the type of lag device employed for CMN
were also considered in the investigation.

In the pooled analysis, the following data were extracted from
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the included studies for both CMN and DHS groups: 1) fracture
union time, 2) the rate of cut-out, and 3) the reoperation rate for
any reason.

For data extraction, the same two board-certified orthopedic
surgeons, who participated in the study selection, indepen-
dently recorded the data from each enrolled study. Disagree-
ments between the reviewers were resolved by discussion be-
tween the two investigators.

Methodological quality assessment

The methodological quality of the included studies was assessed
using the Methodological Index for Nonrandomized Studies
(MINORS),"” which is a valid tool for assessing the quality of
non-randomized studies. The maximum MINORS checklist
score for comparative studies was 24. Two independent review-
ers performed a quality assessment and resolved disagreements
through discussion.

Data synthesis and statistical analyses

The main outcome of the present meta-analysis was the com-
parison of fracture union time, postoperative cut-out rate, and
reoperation rate for any reason.

Dichotomous data were analyzed using the odds ratios (OR),
while continuous data were analyzed using the standard mean
differences with 95% confidence intervals (CI). Heterogeneity
was assessed using the I? statistic, in which 25%, 50%, and 75%
were considered low, moderate, and high heterogeneity, re-
spectively. Forest plots were used to display the outcomes,
pooled estimates of effects, and overall summary effect of each
study. Statistical significance was set at p<0.05. All data were
pooled using a random-effects model, which was recommend-
ed previously to avoid overestimation of the study results, par-
ticularly in the field of medicine.'® We did not test for publica-
tion bias as it is typically recommended when at least 10 studies
are included in the meta-analysis." Statistical analyses were
performed using the Review Manager (RevMan) software (ver-
sion 5.3; Copenhagen, Denmark), Nordic Cochrane Center, Co-
chrane Collaboration 2014, and “Metafor” package in R (ver-
sion 3.4.3; R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

Study identification

The details of study identification and the selection process are
summarized in Fig. 1. The initial electronic literature search
yielded 713 articles. After removing 307 duplicates and adding
the two additional papers identified through manual searching,
408 studies were screened; 395 studies were excluded after their
titles and abstracts were reviewed, and an additional six stud-
ies were excluded after full-text review. Therefore, seven studies
were eligible for data extraction and meta-analysis. The agree-
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Records identified through databases searching (n=713):
_ MEDLINE (n=290), Embase (n=368), Cochrane (n=55)
S
é > Duplicated articles
é v (n=307)
Records after duplicates removed
(n=406)
e Additional records
< identified through hand
= 4 searching (n=2)
= Records screened
= (n=408)
2 Record excluded after
»| screening of title/abstract
7 (n=395)
Full-text articles assessed for
eligibility
= (n=13)
= Full-text articles excluded
> »
= (n=6)
\ 4
Studies included in qualitative Reasons for exclusion:
synthesis insufficient data for
(n=7) comparative study (n=6)
B
E Studies included in qualitative
2 synthesis (meta-analysis)
(n=7)

Fig. 1. Preferred Reporting ltems for Systematic reviews and Meta-analy-
ses (PRISMA) flow diagram for the identification and selection of studies
included in the meta-analysis.

ment on study selection between the reviewers at the title re-
view was “substantial” (k=0.726) and abstract review stages was
“almost perfect” (k=0.859). At the full-text review stage, the in-
ter-observer agreement was perfect (k=1.0).

Study characteristics

Of the seven studies,”®*?* there were two randomized con-
trolled trials (RCTs)”* and the other five were retrospective
cohort studies.®***

In total, 353 patients with BENF were included in the study.
CMN was used when treating 206 of the patients (CMN group),
whereas DHS was used when treating 147 patients (DHS group).
For the CMN, Profin (TST, Istanbul, Turkey), Intertan (Smith &
Nephew, Inc., Memphis, TN, USA), Gamma-3 nail (Stryker, Kiel,
Germany), Zimmer natural nail (ZNN) (Zimmer, Warsaw, IN,
USA), intertrochanteric/subtrochanteric (ITST) nail (Zim-
mer), and Proximal Femoral Nail Antirotation (PFNA) nail
(DePuy Synthes, Solothurn, Switzerland) were used. The
mean age of patients ranged from 47.5 years to 81.3 years. The
mean follow-up period ranged from 1.0 year to 5.0 years. Two of
the included studies*** employed both simple radiographs
and CT images to diagnose BENFs, while the others used sim-
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ple radiographs alone. Further details on each included study was considered low (I’=0%), and the forest plot and details are

are presented in Table 1. shown in Fig. 2.

Risk of bias assessment Cut-out rate of lag screw

The mean MINORS score for methodological quality assess- Four studies,**** included data on the incidence of lag screw

ment was 18.7/24 (range: 18-21) (Table 1). With regard to the cut-out rate in the CMN and DHS groups. The pooled analysis

eight main evaluation parameters, five studies 21-25 received showed no statistically significant difference in the incidence

apoint deduction for their retrospective design. All seven stud- of cut-out between the two groups (OR=0.54; 95% CI: 0.10 to

ies™®2?* received a point deduction for the lack of double- 2.82; p=0.47). The heterogeneity was considered low (I’=24%),

blind evaluation of subject endpoints. One study 20 received and the forest plot and details are shown in Fig. 3.

a point deduction for loss to follow-up of up to 5% compared to

the initial number of enrolled patients. All studies except Reoperation rate at any reasons

one”*** received a point deduction in the study size calcula- Four studies®**'* included data on reoperation rate after the

tion domain, as the sample size was not calculated prospec- treatment of CMN and DHS groups for BFNFE. The pooled

tively in any of the studies. There were no point deductions in analysis showed no statistically significant differences in the re-

the other criteria domains. operation rate between the two groups (OR=0.65; 95% CI: 0.15
to 2.86; p=0.57). The heterogeneity was considered low (I*=

The result of meta-analysis 19%), and the forest plot and details are shown in Fig. 4.

Union time

Data on fracture union time following the use of CMN and DHS DISCUSSION
fixation techniques were extracted from three studies.”** The

range of fracture union time was 13.5-24.0 weeks and 13.9- We performed clinical and radiographic comparisons of CMN
22.0 weeks in the CMN and DHS groups, respectively. The and DHS, the most commonly used implants for BENE Despite
pooled analysis revealed that the DHS group required a longer DHS requiring statistically significant longer union time than

time to achieve fracture union compared to the CMN group CMN, both fixtures yielded similar clinical outcomes in BENF
(MD: -0.41; 95% CI: -0.70 to -0.12; p=0.006). The heterogeneity and provided appropriate fixation with similar cut-out or reop-

Table 1. Study Design, Demographic Data, Study Characteristics, and MINORS Scores of Included Studies

T Study No. of patients Implant type Mean age Meanf/u Method for Types of lag device MINORS
¥ design CMN DHS CMN DHS (yrs) (yrs) Dx. BFNF for CMN score

Eceviz, et al. (2020)% RCT 29 27 Profin DHS 80.8 >1.0 N/A Double screws 21

Jian, et al. (2020)*' RCS 18 7 InFlFel:It/z-a\n DHS 72.1 2.7 X-ray, CT  Blade, double screws 18
. Gamma-3, ZNN, ITST, Blade, single screw
8 i ' i ~ ' i

Kim, et al. (2020) RCS 67 39 PENA. Intertan DHS 76.4 2.2 X-ray double screws 18

Lee, et al. (2018)% RCS 40 29 PENAII DHS 81.3 2.6 X-ray blade 18

Saarenpad, et al. (2002)2 RCS 4 10 Gamma-3 DHS 76.9 5.0 X-ray Single screws 18

Sharma, et al. (2018)’ RCT 32 27 PFN DHS 475 >2.0 X-ray N/A 20

Zhang, et al. (2017)* RCS 16 8 N/A DHS N/A N/A X-ray, CT N/A 18

CMN, cephalomedullary nail; DHS, dynamic hip screw; BFNF, basicervical femoral neck fracture; MINORS, Methodological Index for Nonrandomized Studies;
RCT, randomized controlled trial; RCS, retrospective cohort study; N/A, not available; PFNA, Proximal Femoral Nail Antirotation; ZNN, Zimmer natural nail; ITST,
intertrochanteric/subtrochanteric; PFNAII, proximal femoral nail antiroataion 1.

CMN DHS Mean Difference Mean Difference
r r Mean D Total Mean D Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Jian et al. (2020)*' 178 23 18 199 41 7 0.8% -2.10[-5.32, 1.12] ¢
Sharma et al. (2018)” 13.5 0.57 32 139 0.57 27  99.0% -0.40 [-0.69, -0.11] l
Zhang et al. (2017)* 24 6 16 22 8 8 0.2% 2.00 [-4.27, 8.27] ¢ ’
Total (95% CI) 66 42 100.0% -0.41[-0.70, -0.12] S g

Heterogeneity: Tau? = 0.00; Chi? = 1.63, df =2 (P = 0.44); I? = 0% _'2 _'1 0 1' 2

[DHS] [CMN]

Fig. 2. Forest plot depicting the union time following basicervical femoral neck fracture between CMN and DHS fixation. CMN, cephalomedullary nail;
DHS, dynamic hip screw; Cl, confidence interval.

Test for overall effect: Z = 2.76 (P = 0.006)
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CMN DHS Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random. 95% Cl M-H, Random, 95% CI
Eceviz et al. (2020)* 0 29 1 27 20.6% 0.30[0.01, 7.67] =
Jian et al. (2020)* 1 18 0 7 19.9% 1.29 [0.05, 35.31] -
Kim et al. (2020)° 3 67 0 39 23.4% 4.29[0.22, 85.21] =
Lee et al. (2018)* 1 40 5 29 36.1% 0.12[0.01, 1.12] L
Total (95% CI) 154 102 100.0% 0.54 [0.10, 2.82] ‘
Total events 5 6

Heterogeneity: Tau? = 0.69; Chi? = 3.96, df = 3 (P = 0.27); 1> = 24%
Test for overall effect: Z = 0.73 (P = 0.47)

0.01 0.1 1 10 100
[DHS] [CMN]

Fig. 3. Forest plot illustrating the cut-out rate following basicervical femoral neck fracture between CMN and DHS fixation. CMN, cephalomedullary nail;

DHS, dynamic hip screw; Cl, confidence interval.

CMN DHS

Even | Even | _Weight
Jian et al. (2020)* 1 18 0 7 17.2%
Kim et al. (2020) 8 4 67 1 39 32.9%
Lee et al. (2018)% 1 40 5 29 33.4%
Saarenpaa et al. (2002)* 0 4 1 10 16.5%
Total (95% CI) 129 85 100.0%
Total events 6 7

Heterogeneity: Tau? = 0.43; Chi? = 3.69, df = 3 (P = 0.30); I? = 19%
Test for overall effect: Z = 0.56 (P = 0.57)

Odds Ratio Odds Ratio
M-H, Random, 95% ClI M-H, Random, 95% ClI

1.29[0.05, 35.31] =

2.41[0.26, 22.39)] =

0.12[0.01, 1.12] =

0.70 [0.02, 20.91] =

0.65 [0.15, 2.86] —ll——

0.01 0.1 1 10 100
[DHS] [CMN]

Fig. 4. Forest plot showing the reoperation rates for any reason following basicervical femoral neck fracture using CMN and DHS fixation. CMN, cephalo-

medullary nail; DHS, dynamic hip screw; Cl, confidence interval.

eration rates, which indicate failure of the fixture.

BFNF is a fracture located at the anatomic transition between
the femoral neck and the intertrochanteric region, and it has
been treated similarly as intertrochanteric fractures.” However,
in BENE there is no muscular insertion at the proximal frag-
ment, and there is less cancellous interdigitation. Moreover,
BENF has a greater fracture angle as well as greater force and
moment transferred through hardware compared to intertro-
chanteric fractures. Therefore, it can be seen as a more unstable
fracture than intertrochanteric fracture.”?® For this reason, DHS
was preferred over multiple screws in the past, and derotational
screw with DHS was also preferred due to its rotational stability.
Over time, the use of rigid intramedullary nails has increased.®*

The longer union time in DHS patients than in CMN patients
may be attributed to the fixation achieved through DHS. DHS,
which is an extramedullary fixation, involves a longer lever arm
than CMN. Therefore, DHS may not appropriately react to a
shear force applied to the proximal fragment, and has a weaker
buttress effect when compared to CMN. For this reason, more
time is required until tolerable weight bearing is possible with
DHS."*

Although fixation failure did not show any statistically signif-
icant difference in the present study, many studies have shown
that CMN has a smaller bending moment on the implant, pre-
venting further collapse of fracture site and causing less bone
loss, compared to DHS.*** CMN is already considered the treat-
ment of choice in unstable intertrochanteric fractures, with low
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failure and complication rates. As a result, patients may initiate
early post-operative rehabilitation.” Moreover, CMN is less in-
vasive, leads to less bleeding, and involves a shorter operative
time compared to DHS. However, Watson, et al."* reported a
high failure rate of CMN in BFNE In BENF, the proximal frac-
ture stump is narrow, and the distal stump is wide. Here, the
nail inserts into the tip of the greater trochanter and is located
immediately lateral to the fracture site. With this, the superior
and inferior cortices of the proximal fragment encountered the
nail and serve as buttresses. However, if the starting point is in-
serted medial to the tip of the greater trochanter to avoid varus
malreduction, the superior cortex widens through reaming. This
causes collapse in an asymmetrical direction to the intact infe-
rior cortex, leading to malalignment and screw cut-out. There-
fore, the entry point should not be medial to the tip of the greater
trochanter in BFNE Yoo, et al.? also reported that the failure
mechanism of CMN involves varus or excessive sliding of the
lag screw. The authors attributed this to the oval shape of the
section of the basicervical femoral neck. Moreover, as the distal
fragment does not rotate easily, the narrow proximal fragment
is impacted easily against the wide distal fragment.

DHS also has favorable clinical and radiographical outcomes
in BENE Particularly, Johnson, et al.** constructed a model of
BFNF using 30 cadaveric femurs, and performed dynamic com-
pression testing and cycles to failure mechanical testing of CMN
and DHS. According to the test results, the authors concluded
that one implant is not necessarily superior to the other. With

https://doi.org/10.3349/ymj.2022.63.8.744
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the recent development of side plates, which are fixed through
blades rather than lag screws, femoral head purchasing, com-
pression against osteoporotic bone, and angular and rotation-
al stability have been improved.* Moreover, considering the
conversion to total hip arthroplasty after fixation failure, DHS
results in less bleeding, shorter operative time, and simpler op-
eration compared to CMN.

In all seven studies comparing CMN and DHS, the rates of
complications, including infection, cut-out, osteonecrosis, and
excessive sliding, were very low, and there was no significant dif-
ference between the implants. The union rate also did not differ
between the two implants. This is comparable to the propensi-
ty-matched study by Warren, et al.** of over 17000 intertrochan-
teric and basicervical hip fractures, although the said study was
not included in the present meta-analysis as its data were not
appropriate for synthetic study. In their study, CMN and DHS
did not differ in terms of major complications (p=0.117), and
there was no significant difference in terms of readmission (p=
0.588), reoperation (p=0.449), and union rate (p=1.000). In other
words, both implants exhibited favorable clinical and radio-
graphical outcomes in BENE

The current study had several limitations. First, the number
of included studies was relatively small. Even after a systematic
search with no restrictions on language and publication year,
we were only able to identify seven suitable studies for quanti-
tative synthesis. Nevertheless, BENF is not a common fracture
and only accounts for 1.8% of all proximal femoral fractures."
Therefore, it is difficult to conduct large-scale original studies,
and meta-analysis is appropriate for the generation of a higher
level of evidence in studies for which large cohorts are not fea-
sible. Herein, we conducted a double-arm meta-analysis to in-
clude the studies that directly compared the use of CMN to DHS
for treating BENFs. In the future, conducting a network meta-
analysis will be more appropriate to compare the outcomes of
using not only CMN and DHS, but also arthroplasties for man-
aging BENFs. Second, except for two studies, five of the includ-
ed studies were retrospective in nature. Pooling results based
on predominantly retrospective studies can lead to an overesti-
mation of outcomes. However, two RCTs also reported that the
outcomes of the two implants were comparable. Third, since
BFNF is located at the anatomical transition between the fem-
oral neck and intertrochanteric regions, the anatomical defini-
tion may differ depending on the studies. However, the studies
all described extracapsular, two-part fractures. Moreover, BENF
is defined in the studies as those that are medial to the intertro-
chanteric fracture line, those that do not involve the lesser tro-
chanter, and those that are lateral to classic transcervical frac-
tures. Considering this, we believed that this could contribute
to meaningful bias in the interpretation of the results of the cur-
rent meta-analysis. Last, we could not evaluate the possible bias
from variable qualities of fracture reduction, such as extra/in-
tramedullary reduction or tip-apex distance following surgery.
However, this is inevitable when performing a synthetic study,
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and reduction quality did not differ between CMN and DHS in
the studies included in the present review. Therefore, this lim-
itation will not significantly contribute to bias.

In conclusion, BENFs are highly unstable, even more so than
intertrochanteric femoral fractures, with high failure and reop-
eration rates associated with the fixation techniques. However,
stable fixation with CMN and DHS produces clinically and ra-
diographically comparable outcomes; therefore, the implant
can be selected according to the surgeon’s preference, experi-
ence, and technical operating skills.
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