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ABSTRACT

Introduction

This systematic review aims to provide an overview of predictors for failure of treatment
of displaced femoral neck fracture (dFNF) with internal fixation and quantify their risk of
fixation failure in a meta-analysis.

Patients and Methods

PubMed, Embase, Web of Science, Cochrane Library, and EMCare were searched for original
studies published from January 2000, including adult patients with an internally fixated
dFNF, that reported data on predictors for fixation failure defined as revision surgery due
to non-union, avascular femoral head necrosis or cut-out of implant. RevMan version 5
software was used to pool univariable Odds Ratio’s (OR) for predictors of fixation failure by
means of a random effects model.

Results

This review included 16 articles (15 articles cohort studies and one randomised trial).
Twenty-four predictors for fixation failure were identified and analysed, 16 of which were
evaluated in just one study. Data of 7 predictors were pooled in a meta-analysis. Female sex
(OR 1.78, 95% confidence interval [CI] 1.26—2.52), smoking (OR 3.64, 95% Cl| 1.68-7.91),
age >50 years (OR 3.64, 95% Cl 1.68-7.91), inadequate fracture reduction (OR 2.28, 95% ClI
1.62-3.22), fixation with cannulated screws (CS) or pins compared to fixed angle devices (OR
2.16, 95% Cl 1.03—-4.54) were identified as significant predictors for fixation failure.

Conclusion
This study can help surgeons to choose the preferred treatment for patients with a dFNF and
substantiate future algorithms and guidelines for treatment of FNF.




INTRODUCTION

Treatment of displaced femoral neck fractures (dFNF) remains challenging." DFNF are
treated with either reposition and internal fixation (IF) or (hemi)arthroplasty. Considering
the pros and cons of these two treatment modalities, (hemi)arthroplasty is known to be
associated with a higher infection rate than IF and can be complicated by hip dislocation.?
Also peri-prosthetic fractures may occur with devastating consequences. Furthermore,
most prostheses need revision surgery after around 25 years.>* Alternatively, treatment
with IF may lead to avascular necrosis (AVN) of the femoral head, resulting in non-union
of the fracture or cut-out of the implant.> These complications result in more reoperations
than treatment with a prosthesis.*®” Failure rates of dFNF treated with IF up to 48% have
been reported.? Despite countless publications on FNF treatment, it is still unclear which
patients with a dFNF have an high risk of unsuccessful treatment with IF and may be better
off with a prosthesis. Today treatment algorithms for dFNF are mainly based on age®® stating
that younger patients are preferably treated with fracture reduction and IF, whereas older
patients are preferably treated with (hemi)arthroplasty. There is no clear consensus from
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what age patients with a dFNF would better be treated with a prosthesis.
outcome with IF is influenced by many factors. Predictors for failure of treatment with IF
are mentioned in literature.""™ Some predictors are patient-related (gender, osteoporosis,
smoking, comorbidities), while others are fracture-related (displacement, posterior cortex
comminution) or operation-related (reposition of the fracture, choice and position of the

implant).

To our knowledge there is no overview in literature of all known potential predictors of
failure of treatment of dFNF with IF. An overview of predictors and the substantiation of
their role in treatment failure may help surgeons choose the preferred treatment strategy
for patients with a dFNF. This systematic review of the literature aims to provide an overview
of predictors for failure of treatment of dFNF with IF and quantify their risk of fixation failure
in a meta-analysis.

METHODS

This review and meta-analysis were conducted and reported in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement.®
The review protocol was registered in the international prospective register of systematic
reviews PROSPERO (protocol number CRD42020210914).
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Eligibility criteria

We selected all types of original studies, available in English, German or Dutch, published
from January 2000, including patients of 18 years or older with a dFNF treated with any form
of IF, that reported the odds ratios (ORs) of predictors of failure of treatment (defined as any
revision surgery such as conversion to arthroplasty, girdle stone, core decompression, vas-
cular fibular graft, valgus (intertrochanteric) osteotomy due to non-union, avascular femoral
head necrosis or cut out of implant) or that provided sufficient information to calculate the
ORs. No minimal duration of follow up was required.

Exclusion criteria

Studies of which the full text was not available, were excluded. Reviews, surveys, current
(management) concepts, editorials, commentaries, animal studies or cadaveric studies,
meeting abstracts, conference proceedings, case studies and case series (N<20) were also
excluded.

Search strategy and selection process

A systematic search was conducted in PubMed, Embase, Web of Science, Cochrane Library,
and EMCare on August 21, 2020, which was updated on November 11, 2021 and July 19,
2022. The search strategy was developed with help of an experienced medical librarian
and adjusted for each specific database. The search terms included ‘displaced femoral neck
fractures’, ‘internal fixation’, ‘revision surgery/re-operation’, ‘predictors for failure’ and their
synonyms. The search strategy was validated by confirming that 4 predefined relevant arti-
cles were identified using the search terms.”?® Details of the search strategy are provided
in Supplementary Material 1. After removal of duplicates, title and abstract of the identified
records were independently screened by two reviewers (JHK and MFD) and documented
in Rayyan Systems Inc*’, using the predetermined eligibility criteria and exclusion criteria.
Excluded articles were classified according to the reason of exclusion. Disagreements were
discussed with a third author (WHR or IBS). Next, the full texts of the selected articles were
assessed for eligibility using the same criteria. The reference lists of the included articles
were searched by hand to identify relevant publications that were missed in the search.

Data extraction and quality of evidence assessment

Data-extraction from the full-text articles was done by two independent reviewers (JHK and
MPFD) using a previously designed data extraction form. Any disagreements were discussed
with a third author (PK). Information of the following study characteristics were extracted:
first author’s name, year of publication, study design, number of patients included for analy-
sis, patients’ mean age, exclusion criteria, type of implant used for fracture fixation, mean
follow up, number and percentage of patients with and without the investigated potential
predictors for failure, in the groups with and without fixation failure (reoperation).
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The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
approach was used to determine certainty in the pooled estimates of association between
prognostic factors and future outcome for 5 domains including risk of bias, imprecision,
inconsistency of results across studies, indirectness, and publication bias.?? Risk of bias in
the individual studies was assessed using the Quality in Prognostic Studies (QUIPS) tool
(supplementary data 2).% Inconsistency of results across studies was assessed by analysing
the Forest Plots and by the amount of statistical heterogeneity in results (I°) between the
studies included in the meta-analysis. Imprecision of the estimates was based on whether
the 95% confidence interval (Cl) excluded an OR of 1 and the width of the CI. Indirectness
evaluates whether the study population and outcome were comparable between studies.
The probability of publication bias was visually assessed using funnel plots.

Data synthesis

RevMan version 5 software® was used to pool univariable OR’s for predictors of fixation
failure by means of a random effects model. The I? statistic, indicating the percentage of
variation across studies due to statistical heterogeneity, was used to measure the incon-
sistency of the studies’ outcomes, and was qualified as follows: 0% to 40% (might not be
important); 30% to 60% (may represent moderate heterogeneity); 50% to 90% (may rep-
resent substantial heterogeneity); 75% to 100% (considerable heterogeneity).”> Sensitivity
analysis was done by leaving out individual studies from the analysis to assess their effect
on the overall results.

RESULTS

Study identification and selection

The literature search, including the update, yielded a total of 2348 regular references
(1040unique records). The selection process with reasons for exclusion of studies is pre-

sented in Figure 1. A total of 16 articles were included for analysis.**?%?*%

Study characteristics

The characteristics of the included studies with the definitions of the investigated predictors
are outlined in Table 1. All studies but one were prospective or retrospective cohort studies.
One study comprised a randomised controlled trial. The studies were conducted in China
(1), Denmark (1), Israel (2), the Netherlands (4), Scotland (1), Sweden (2), Taiwan (1), and the
USA (4). Together, the 16 studies included a total of 2409 patients. Of these, 1874 patients
(1875 dFNFs) met the review’s inclusion criteria and were eligible for analysis. Although
the inclusion criteria for the patients in the studies were similar, there was a wide range of
exclusion criteria. In total 31 different exclusion criteria were used, 18 of which were only
mentioned in one study (Table 1). The mean age of the patients in the included studies
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ranged from 38—-84 years old. In four of the 16 studies the patients’ mean age was above 60
(n=778). All studies had a mean follow up of at least 12 months (range 12—150 months). The
overall reoperation rate was 24.3% (455 of 1875 dFNFs), ranging from 6.7-40.5%.

Databases: PubMed, Embase, Web of Science, Cochrane Library, Emcare
Date 215t of august 2020 and updated on 11t of November 2022

)
Records removed before screening:
c
2 Duplicate records removed (n =
S Records identified*: (n = 2348) 1308)
E
c
3
= Records excluded on title and
abstract** (n =729)
—
P l Non-eligible population (n= 467)
Records screened Non-eligible study design (n = 299)
(n = 1040) Non-applicable outcomes (n = 111)
Articles in languages other than
English, German or Dutch (n = 109)
Reports sought for retrieval
[ N
-g (n=150) Reports not retrieved (n = 2)
o
5
’ l
Full text screened Reports excluded* (n = 132)
(n=148) Non-applicable outcome (n = 88)
Correlation between displaced FNF
and reoperation not examined (n =
39)
—
No predictors examined (n = 26)
- Studies included in review
g No distinction between non-
3 (n=16) displaced and displaced (n = 21)
c
= No OR calculation possible (n = 8)
-

Figure 1. PRISMA 2020 flow diagram for systematic reviews. FNF, Femoral neck fracture. OR, Odds ra-
tio. *Details of the search strategy are reported in Supplementary Material 1.
* Some studies were excluded due to multiple reasons.

Risk of bias and quality of evidence assessment

The risk of bias within the studies was moderate to high (supplementary material 2). Risk
of bias due to confounding was assessed highest, because only a few potentially important
confounders were accounted for in the analysis in the individual studies. Yet as stated in our
introduction there is a wide range of factors that potentially influence the reoperation rate.
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Table 2. Quality of evidence using the GRADE approach*

Predictor Risk of Inconsis- Impreci- Indirect- Publication Certainty of
bias tency sion ness bias estimates
Gender Moderate High Moderate High High High
Smoking Moderate High Moderate High High High
Alcohol abuse Moderate Low Low High High Moderate
Fracture reduction Moderate High High High High High
Bone quality Low Low Low Moderate High Moderate
Cannulated screws vs Fixed angle  Moderate Low Moderate High High Moderate
devices
Age (>50y, <50y) Moderate Moderate High High High High
Screw/implant position Low Very low  Moderate High High Moderate
Posterior wall disruption Verylow NA Low High NA Low
ASA classification Very low  NA Very low  High NA Very low
Mechanism of injury Very low  NA Very low  High NA Very low
Diabetes Very low  NA Very low  High NA Very low
End stage renal disease Very low  NA Very low  High NA Very low
Steroid use Very low  NA Very low  High NA Very low
Weight bearing status Very low  NA Very low  High NA Very low
Overall operation technique Very low  NA Low Moderate NA Low
Tip Apex Distance Very low  NA Very low  High NA Very low
DHS vs DHHS Very low  NA Very low  High NA Very low
Time to surgery Low NA Low High NA Low
Displacement Low NA Moderate High NA Low
Protrusion of an implant Low NA Low High NA Low
Angulation of implant Low NA Low High NA Low
Closed or open reduction Very low  NA Low High NA Low
Non-anatomic cortical buttress Verylow NA Very low  High NA Very low

reduction technique

"Certainty in the estimates was graded as previously described by Foroutan et al.?*:

High: We are very confident that the variation in risk associated with the prognostic factor (probability of future

events in those with/without the prognostic factor) lies close to that of the estimate.

Moderate: We are moderately confident that the variation in risk associated with the prognostic factor (probability
of future events in those with/without the prognostic factor) is likely to be close to the estimate, but there is a
possibility that it is substantially different.
Low: Our certainty in the estimate is limited: the variation in risk associated with the prognostic factor (probability
of future events in those with/without the prognostic factor) may be substantially different from the estimate.

Very low: We have very little certainty in the estimate: the variation in risk associated with the prognostic factor
(probability of future events in those with/without the prognostic factor) is likely to be substantially different from

the estimate.

NA: Not assessed because evaluated in just one study.
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Also in some studies the potential predicators were poorly defined. No publication bias was
found by the visual distribution of funnel plots (supplementary material 3).

Overall, the quality of evidence for the prognostic factors included in de meta-analysis were
assessed as moderate to high (Table 2). The prognostic factors that were evaluated in one
study were rated low to very low. For predictors evaluated by only one study inconsistency
and publication bias could not be assessed. We are certain of the study population and
outcome were comparable between studies due to our strict eligibly criteria so indirectness
was rated high for almost all predictors.

Predictors for reoperation after fixation of dFNF

Twenty-four predictors for treatment failure (reoperation) were identified and analysed, 16
of which were evaluated in just one study (supplementary material 4). Definitions of the
predictors in the individual studies are shown in Table 1. We were able to pool the data of 7
predictors in a meta-analysis. Regarding the patient characteristics, higher risk of reopera-
tion was found for female patients compared to male patients (OR 1.78, 95% Cl 1.26-2.52;
Figure 2), for age >50 years compared to age <50 years (OR 3.64, 95% Cl 1.68—7.91; Figure
3), and for smoking compared to no smoking (OR 2.27, 95% ClI 1.12—4.62; Figure 4). Alcohol
abuse (Figure 5) and bone quality (Figure 6) were not found to be statistically significant
risk factors for re-operation. Regarding treatment-related factors, higher risk of reoperation
was found for inadequate fracture reduction (OR 2.28, 95% Cl 1.62—3.22; Figure 7), and for
cannulated screws (CS) or pins compared to fixed angle devices (OR 2.16, 95% Cl 1.03—4.54;
Figure 8).

For the predictors bone quality and type of implant there was moderate statistical hetero-
geneity, respectively 32 and 46%. For bone quality, the heterogeneity seemed mainly due
to the definition of good and lesser bone quality, which differed in all three studies (Table
1).29%32 Therefore no sensitivity analysis was performed. Considering the predictor ‘type of
implant’, heterogeneity may have been caused by the fact that all studies used slightly dif-

ferent CS and fixed angle devices.?®3%%*%’

Only Kalland used cannulated pins instead of CS as
intervention technique.® If Kalland was left out of the analysis, the statistical heterogeneity
decreased from 46 to 37% and the OR of CS versus fixed angle devices increased to 2.84

(95% Cl 1.21-6.66).

Fifteen predictors were investigated in only one study and one predictor (adequate position
of the implant) was evaluated in two studies that could not be combined due to heterogene-
ity of the implant material. Four of these sixteen predictors were statistically significant in
the individual studies: presence of posterior wall disruption (OR 4.50; 95% Cl 1.84-10.98)%,
adequate overall operation technique (OR 4.17; 95% Cl 1.61-10.81)”, displacement of the
femoral head (OR 2.77; 95% Cl 1.83-4.22)*, angulation of the CS to the lateral cortex (OR
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2.37; 95% Cl 1.04-5.42)* (supplementary material 4). In the study by Camperfeldt et al. no

association with reoperation was found for ASA classification and mechanism of trauma.

In the study by Gardner reoperation was not associated with diabetes, end-stage renal

disease, steroid use and weight-bearing status.’’ In the study by Nyholm no association with
reoperation was found for time to surgery and protrusion of the implant.** Reoperation was
also not related to the tip-apex distance®, closed reduction®, and non-anatomic cortical
buttress reduction®. Marchand et al. did not find any difference in reoperation between
two fixed angle devices (the dynamic hip screw (DHS) and the dynamic helical hip system
(DHHS)).*® Adequate position of the implant was no statistically significant predictor in the

studies by Camperfeldt and Heetveld.?**

Female Male Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,Random, 95%CI M-H, Random, 95% CI
Campenfeldt 2018 18 61 15 59 18.7% 1.23[0.55, 2.74] -
Gardner 2014 11 31 8 38 10.5% 2.06[0.71, 6.03] T
Kalsheek 2018 9 49 5 57 8.9% 2.34[0.73,7.53] N
Nyholm 2020 84 237 40 176 61.9% 1.87[1.20, 2.90] .
Total (95%Cl) 378 330 100.0% 1.78 [1.26, 2.52] L 2
Total events 122 68 . .

Hetercgeneity: Tau? = 0.00; Chiz = 1.15,df =3 (P = 0.77D; I2=0%

Test for overall effect: Z = 3.25 (P = 0.001) 005 02 1 5 20

Favour female Favour male

Figure 2. Forest plot of the comparison of female versus male.

=50 years <50 years Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random,95% CI M-H, Random, 95% CI
Campenfeldt 2018 M1 2 19 259% 3.76 [0.82, 17.30] T =
Kenan 2015 4 14 0 17 66% 15.00 [0.73, 307 .45] T+
Nyholm 2020 119 484 5 53 675% 3.13[1.22, 8.04] ——
Total (95% CI) 509 89 100.0% 3.64 [1.68, 7.91] e
Total events 154 T

Heterogeneity: Tau® = 0.00; Ch# =095, df =2 (P=062); F=0%

| , , |
Test for overall effect: Z = 3.26 (P = 0.001) 0.01 01 1 10 100

Favours =50 years Favours <50 years

Figure 3. Forest plot of the comparison of age >50 years old versus <50 years old.

Smoking Nonsmoking Odds Ratio QOdds Ratio

Study or Subgroup Events Total Events Total Weight M-H,Random,95%ClI M-H, Random, 95% CI
Campenfeldt 2018 16 45 17 75 75.8% 1.88[0.83, 4.25] T
Gardner 2014 5 9 14 60 242% 4.11[0.97, 17.41] &
Total (95%CI) 54 135 100.0% 2.27 [1.12, 4.62] @
Total events 21 31

- 2 R = - - k=00 f \ \ ,
Heterogeneity: Tau? = 0.00; Chi? =0.85, df = 1 (P = 0.36); I = 0% ID.D1 0!1 110 1001

Test for overall effect: 2= 2.27 (P = 0.02) Favours smoking Favours non smoking

Figure 4. Forest plot of the comparison of smoking versus non-smoking.
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Alcohol abuse  Noalcohol abuse Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events Total Weight M-H,Random,$5%Cl M-H, Random, 95%Cl
Campenfeldt 2018 14 32 19 86 70.2% 274[1.16,6.51]
Gardner 2014 0 4 19 64 11.7% 026[0.01,5.085]
Steamns 2009 3 28 1 31 18.1% 3.60[0.35, 36.80] - =
Total (95%Cl) 64 181 100.0% 2.18 [0.75, 6.35] ——
Total events 17 39

. - . Chiz — - _ . | | \ |
Heterogeneity: Tau® = 0.23; Chi? = 2.45 df =2 (P = 0.29); P = 18% 0.01 01 10 100

Test for overall effect: 7 = 1.44 (P = 0.15) Favours alcohol abuse Favours no alcohol abuse

Figure 5. Forest plot of the comparison of alcohol abuse versus no alcohol abuse.

Lesser bone quality Goodbonequality 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random,95%Cl M-H, Random, 95%CI
Campenfeldt 2018 25 80 2 23 106% 4.77[1.04, 21.94]
Heetveld 2005 16 38 29 73 299% 1.10[0.50, 2.45]
Nyhalm 2020 62 249 56 275 595% 1.30 [0.86, 1.96]
Total (95%CI) 367 371 100.0% 1.42 [0.84, 2.41]
Total events 103 a7

Heterogeneity: Tau? = 0.08; Ch2 = 2.95, df = 2 (P = 0.23); 2= 2%

Test for overall effect: Z=1.30 (P =0.19) 0.01 100

1
Favours less bone quality Favours good bone quality

Figure 6. Forest plot of the comparison of good bone quality versus lesser bone quality.

Noadequate reduction  Adequate reduction Odds Ratio ©Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,Random, 85%Cl M-H, Random, 85%CI
Campenfeldt 2018 10 26 23 94 141% 1.93[0.77,484] N
Gardner 2014 15 43 2 20 47% 4.82[0.98, 23.64] —
Heetveld 2006 16 26 23 76 13.8% 3.69[1.46,9.34] -
Kalsbeek 2018 2 13 12 93 45% 1.23[024,623] - 1
Nyholm 2020 91 329 33 207 60.6% 2.02[1.29,3.14] —
van Dortmont 2000 2 ] 2 23 22% 7.00[0.70, 70.05] I
Total (85%Cl) 442 513 100.0% 2.28 [1.62, 3.22] ’
Total events 136 95
Heterogeneity: Tau? = 0.00; ChF =377, df = 5 (P = 0.58); F = 0% ’0 o1 0*1 150 100‘

Test for overall effect: Z = 4.68 (P < 0.00001)

1
Favours no adequate reduction Favours adequate reduction

Figure 7. Forest plot of the comparison of adequate reduction versus no adequate reduction of the

femoral neck fracture.

CS(pins) FAdevices Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H,Random,95%CI M-H, Random, 95% Cl
Gardner 2014 9 29 10 40 25.8% 1.35[0.47, 3.91] I L
Hoshino 2016 9 15 10 48 21.6% 5.70[1.64, 19.81] -
Kalland 2019 12 54 12 60 30.3% 1.14[0.46, 2.81] -
Thein 2014 16 47 4 31 22.3% 3.48[1.04, 11.70] [
Total (95%Cl) 145 179 100.0% 2.16 [1.03, 4.54] o
Total events 46 36

ity: 2 = - Chiz = = = - 12 = 469 I t t J
_I:ettte:cogeneltyl.lT:fu : ;EBZ g:l . _5[;5:;4df 3 (P=0.14); I2=46% 0.01 o1 1 10 100

est for overall effect: Z =2.04 (P = 0.04) Favours CS(pins) Favours FA devices

Figure 8. Forest plot of the comparison of cannulated screws (CS) or pins versus a fixed angle
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DISCUSSION

In this systematic review and meta-analysis we identified predictors for failure of treatment
with IF for dFNF. The results of the meta-analysis show five risk factors for reoperation:
female gender, age >50 years, smoking, inadequate fracture reduction, fixation with can-
nulated screws or pins. Another four predictors were identified in single studies: presence
of posterior wall disruption, adequate overall operation technique, displacement of the
femoral head, and angulation of the CS to the lateral cortex.

Four articles were included in our meta-analysis that investigated the effect of gender on
treatment failure (Figure 2).?**>*” We found that female patients appear to have a higher
risk to be reoperated than men (OR 1.78, 95% Cl 1.26-2.52). This might be explained
because the femoral neck shaft angle is lower in women compared to men.* This results in
a larger moment arm which leads to more downward force on the collum femoris. In theory,
this could lead to an earlier cut-out. Yet, other authors deny the existence of this anatomic
difference between men and women.** Another explanation could be that bone quality
in postmenopausal women is inferior compared to men.** However, the three studies in
our meta-analysis for bone quality did not show an effect of bone quality on the failure
rate (Figure 6).°** Age was also identified as a predictor for reoperation (OR 3.64, 95% Cl
1.68-7.91). In this meta-analysis we used 50 years of age as a cut-off point because then we
could combine the results of three studies. With increasing age bone quality declines and
the incidence of other comorbidities rises.*”* In literature the cut-off point for age for fixating
dFNF with IF usually lies between 60-70 years old.®® We believe there is not an exact age
above which arthroplasty can be advised as age is just one of many factors that is affect the
reoperation rate of patients with dFNF treated with IF.

%637 Although the association

Two studies investigated smoking as a predictor for reoperation.
was not statistically significant in these individual studies, smoking became a statistically sig-
nificant predictor of treatment failure after we combined the data of these studies. Smoking
causes peripheral artery disease.” Thus, smoking may compromise the vascularisation of
the femoral neck and head, which we believe to be one of the most important factors for
union and viability of the femoral head. Also smoking is associated with slower healing and
non-union of fractures.*

Fracture reduction was one of the most investigated predictors in this review,'®?%%3235%7
All studies accepted fracture reduction with a maximum malalignment of around 10-20
degrees in the anteriorposterior plane and 10 degrees in the lateral plane. Combining the
results of these studies in our meta-analysis showed a statistically significant association
between an inadequate reduction and reoperation. An adequate reduction in combination
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with stable fixation will provide the most optimal conditions for (re)vascularisation of the
femoral head.

It could be that CS provide less stability after adequate reduction. Earlier biomechanical and
cadaver studies support the finding that fixed-angle devices are superior to CS in stabilizing
FNF.** The results of four studies comparing CS or pins with a fixed-angle device are in line
with those findings.?******” The meta-analysis of these four studies showed a favourable
outcome for the fixed angle devices, which may provide better stability.

Besides type of implant the adequate placement of the implant is also important. Two
studies investigated placement of implants®®*, but were not combined in a meta-analysis
due to differences in study design. Both studies investigated the placement of CS, yet
Campenfeldt investigated fixation with 2 CS and Heetveld with 3 CS. Also, both studies used
different definitions of adequate screw placement (Table 1). Furthermore, Heetveld also
looked at the placement of the sliding hip screw and its relation to reoperation. The data of
CS and the sliding hip screw in this study was combined. Despite these differences, implant
positioning in both studies did not affect the reoperation rate. Another recently published
study also showed that the position of a sliding hip screw in the femur does not influence
the revision rate.”’” The position of three cannulated screws on the other hand does affect

the revision rate of FNF according to Schottel et al.”’

We found a significant association between initial angle of the CS to the lateral cortex using
the data of Nyholm.** Although Nyholm et al. also found a similar result in their univari-
able Cox regression analysis, the association was no longer statistically significant in their
multivariable analysis. We could not find any literature that substantiates the supposed
association between the angulation of CS to the latter cortex.

One study stated that the overall operation technique is also of significant influence on the
outcome of treatment of dFNF and should therefore not be delegated to inexperienced
surgeons.” The results in that study are difficult reproduce due to a complex and extensive
definition of a good overall operation technique (Table 1). Although these results are difficult
to compare with other literature, the importance of adequate reduction and placement of

the implant essential for proper stability and therefore a successful treatment.***°

Presence of posterior wall disruption was identified as a predictor of revision surgery in

. Due to posterior comminution, a disrupted posterior cortex will

a study by Huang et a
remain after reduction, which could lead to more instability.**** Some authors even advo-

cate the use of a fibular graft to buttress the posterior cortex.*
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Nyholm stated that severe displacement of the femoral head (Garden type 1V) is also associ-
ated with a higher reoperation rate.* In another, slightly older study, the 4-grade Garden
system did not predict an unfavorable outcome (defined as change of position of the screws,
collapse of the fracture by more than 20 mm, perforation of the femoral head by screw(s),
or salvage with arthroplasty).>* We could not find other studies that compared the reopera-
tion rate of Garden type Ill and IV FNF.

Conclusion

In conclusion, our systematic review and meta-analysis identified female gender, age above
50 years old, smoking, inadequate fracture reduction and treatment with cannulated screws
as predictors for reoperation of patients with dFNF treated with IF. Female patients with a
dFNF above 50 years of age that smoke have a high risk of failure of treatment. Further-
more if a dFNF cannot be properly repositioned the surgeon might consider to convert
to an arthroplasty at a low threshold and if the dFNF is adequately repositioned it should
preferably be fixated with a fixed angle device. This study can help surgeons to choose the
preferred treatment for patients with a dFNF and substantiate future treatment algorithms
and guidelines for treatment of FNF.

Supplementary materials

Supplementary material associated with this article can be found, in the online version, at
doi: 10.1016/j.injury.2022.11.042 .
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