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Abstract: Background: Avascular necrosis (AVN) of the femoral head often requires surgical treatment
and is often associated with femoral neck fractures. We conducted a systematic review and meta-
analysis of recent research on the risk of AVN following the stabilization of fractured femoral neck
with implants in PubMed. We assessed the effect of age on AVN incidence among patients aged
> 50 and younger, depending on fracture type, Garden stage, Pouwels degree, Delbet stage, and
age category. We followed PRISMA guidelines. Relevant studies were defined as research articles
describing real-world studies reporting on the risk of AVN following primary surgical fracture
stabilization with implants, published between 1 January 2011 and 22 April 2021. Fifty-two papers
met the inclusion criteria, with a total of N = 5930 with surgically managed fractures. The pooled
mean AVN incidence was significantly higher among patients with displaced fractures (20.7%; 95% CI:
12.8-28.5%) vs. those with undisplaced fractures (4.7%; 95% CI: 3.4-6.0%). No significant correlation
was observed between AVN incidence weighted by sample size and time interval from injury to
surgery (p = 0.843, R? = 0.01). In conclusion, the risk of AVN following femoral neck fractures was
generally high, especially in patients with displaced fractures. The time from injury to surgery did
not correlate with AVN incidence.

Keywords: avascular necrosis; femoral neck fractures; systematic review

1. Introduction

Avascular necrosis (AVN) of the femoral head involves osteonecrosis arising from
altered blood supplies to the proximal femur [1]. Each year in the US alone, approximately
10,000-20,000 new cases occur [1]. AVN can arise from several causes, which may be
classified as traumatic and atraumatic. [1] Femoral fractures can decrease blood flow to
the femoral head, placing patients at risk of AVN [2,3]. Indeed, the fracture of the femoral
neck or dislocation of the femoral head from the acetabulum is among the most common
traumatic causes of AVN of the femoral head [1].

The most common symptom of AVN of the femoral head is radiating groin pain and
possessing a limited range of motion with respect to the affected hip, with pain experienced
during the forced internal rotation of the hip. Physical activity may aggravate the pain
but it is often also present at rest [1]. The diagnosis of AVN is usually made based on
both clinical presentation and appropriate imaging (X-ray, radionuclide bone scanning,
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and magnetic resonance imaging [MRI]) [1]. The treatment of AVN of the femoral head
depends on the advancement of necrosis at the time of diagnosis, the age of the patient, the
level of pain and discomfort experienced by the patient, their overall health, comorbidities,
and AVN stage (pre-or post- articular surface collapse) [1-5]. Non-operative methods
are generally employed in patients with small- or medium-sized pre-collapse lesions [1].
Operative procedures can be divided into two categories. Joint-preserving methods
(i-e., core decompression, bone grafts, biological therapies, tantalum implants, and os-
teotomy) are suitable for patients at pre-collapse stages. In contrast, patients with more
advanced AVN generally require joint reconstruction surgery (hemi-resurfacing arthro-
plasty and hemipolar or bipolar hip replacement) [4].

The objective of this systematic review was to summarise recent research findings on
the risk of AVN after stabilizing the fractured femoral neck with screws, plates, or other
types of implants.

2. Materials and Methods
2.1. Search Strategy

The review followed PRISMA [6] (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) guidelines and is available as a supplementary file (Supplementary
File S1). PubMed was searched on 11 May 2021 to identify relevant studies published
between 1 January 2011 and 22 April 2021, using a combination of Medical Subject Heading
(MeSH) and free-text terms related to hip fracture (neck of femur fracture and femoral neck
fracture), surgery (internal fixation/internal fixators), and outcome of interest (avascular
necrosis and avascular necrosis of femur head). Bibliographic details and abstracts for all
citations identified through the PubMed search were exported into EndNote version 20 to
remove duplicate papers and for screening titles and abstracts.

The entire protocol of the review, including the search strategy, is available in Sup-
plementary Materials (Supplementary File S2). The protocol was not registered with a
systematic review database.

2.2. Study Selection Process

A single reviewer performed screening, which was checked by a second senior re-
viewer. Two reviewers performed data extraction from the papers, which met the inclusion
criteria. The inclusion and exclusion criteria are described in Table 1.

Table 1. Inclusion and exclusion criteria.

Studies Included in the Review Studies Excluded from the Review

e  Publication date: 1 January 2011 to
22 April 2021
Original research articles
Hip-preserving techniques
Studies comparing or using different
surgical techniques or implants

e  Studies comparing hip-preserving
techniques to non-surgical management

. Case reports and case series with <10
patients
Biomechanical, animal studies
Reviews and meta-analyses
Papers focused primarily on arthroplasty
outcomes or patients with neglected hip
fractures

Relevant citations were defined as original research articles describing real-world
studies (excluding case reports or case series with <10 cases) and reporting on the risk of
AVN incidence following the primary surgical stabilization of the fracture with implants
(arthroplasty procedures were excluded). We did not exclude studies based on implant
types or fracture reduction methods, which may depend on patient condition and surgeon’
preference and experience. Studies focused on patients with neglected fractures who
underwent surgery several weeks after the causative injury were also excluded.

Of particular interest was comparing the risk of AVN between patients managed
conservatively and those whose fractures were stabilized surgically. Nonetheless, studies,
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in which different surgical approaches were compared were also included. No comparisons
between other surgical methods were planned.

2.3. The Rationale for the Study

We sought to assess recent research findings on the risk of AVN after stabilising the
fractured femoral neck with implants such as screws, plates, or wires in the real-world
setting. We focused on research questions in which the analysis of real-world data from
unselected patient populations may provide particularly relevant information, such as how
the real-world incidence of AVN varies by the type of fracture and by time intervals from
injury to surgery.

A previous Cochrane review published in 2001 observed lower AVN incidences with
the sliding hip screw compared with different cancellous screws. However, based on the
overall body of evidence with regards to all relevant post-surgical outcomes assessed in
that review, no overall recommendations on the choice of implant were provided [7]. We
therefore did not attempt to conduct comparisons between specific implant types.

2.4. Dependent Variables Studied
2.4.1. Fracture Classification

The incidence of AVN is presented by fracture type (displaced vs. undisplaced) and
according to three different fracture classifications: the Garden classification, Pauwels’
classification, and the Delbet classification (pediatric studies only). The commonly used
Garden classification was first described in 1961 [8] and describes fracture severities using
staging (I-IV), based on the degree of fracture displacement as observed on anteroposterior
radiographs [8,9]. Pauwels’ classification has been in use since 1935 and was the first
developed biomechanical classification for femoral neck fractures, although its significance
has since somewhat declined [10]. Femoral neck fractures are classified into Pauwels
degrees I-1II according to the angle of their inclination relative to the horizontal plane and,
therefore, the forces acting on the fracture line [10,11]. Delbet’s classification is widely
used to describe pediatric hip fractures and was first published in 1907 [12]. Delbet’s
classification defines fracture types I-IV based on the anatomic location of the fracture
line [12], which is related to the risk of AVN development [13]. The three classifications are
described in Table 2.

Table 2. The Garden [8,9], Pauwels [10,11], and Delbet’s classification [12,13].

Classification Type Description Other
Stage [ incomplete fracture; undisplaced, valgus impacted
Stage II complete fracture; undisplaced A
Garden
Stage 11 complete fracture; partially displaced
Stage IV complete fracture; fully displaced
Angle between fracture line and horizontal plane Dominant forces
Degree I Up to 30 degrees Compressive forces predominate
Pauwel’s Shearing stress is present and may adversely
Degree 11 30-50 degrees . .
impact healing
Degree III 50 degrees and more Shearing stress dominates
Transphyseal fracture, with or without dislocation of the
Typel . . .
capital femoral epiphysis
Delbet’s Type I Transcervical fracture
Type III Cervicotrochanteric fracture.

Type IV

Intertrochanteric fracture
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2.4.2. Patient Age

The effect of age on AVN risk was assessed by analyzing the incidence of AVN in
patients aged 20-50 years vs. those aged > 50 years. This age cut-off was selected to
assess the possible differential risk of AVN in middle-aged vs. younger patients in light of
clinical guidelines recommending arthroplasty or hemiarthroplasty in elderly patients with
displaced fractures [14,15].

2.4.3. Meta-Analysis

Due to the apparent heterogeneity of both study designs and their real-world settings,
no formal testing for heterogeneity was employed. A random-effects model was used to
estimate the pooled incidence of AVN depending on fracture type (displaced vs. undis-
placed), Garden stage, Pouwels’ degree, Delbet stage, and age category (20-50 years vs.
>50 years). The meta-analysis results are presented as pooled means with a 95% confidence
interval (CI).

2.4.4. AVN Incidence and Time Interval from Injury to Surgery

The incidence of AVN in patients undergoing fracture stabilization surgery was as-
sessed with respect to the the time interval between injury and surgery by using a general
regression model. Mean or median time from injury to surgery, whichever was reported,
was used in the analysis. The maximal reported time interval was used for studies that
reported all surgeries within a given number of hours from injury.

3. Results
3.1. Study Selection

The search strategy rendered 89 citations, of which 22 were excluded during the title
and abstract screening stage so that a total of 67 full-text articles were screened for eligibility.
Of these, 15 were excluded because the vast majority (n = 10) were unavailable in English.
Overall, 52 articles were included. Outcomes of the selection process are documented in
the PRISMA flow diagram (Figure 1).

][Screening][ Identification ]

Eligibility
Assessment

I

Included

——

Figure 1. PRISMA flow diagram of the review.
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3.2. Overview of Included Studies

The majority of included studies were retrospective (n = 43). The sample size ranged
from 17 to 417 participants. Three studies reported solely on pediatric populations [16-18],
while nine studies included only participants above 50 years of age [19-27]. The studies
included those that reported the use of both closed and open fracture-reduction techniques
and employed a wide range of implants, most commonly cannulated screws (28 studies).
Only one study described conservatively managed patients, and no comparison of AVN
risk between surgical and non-surgical treatment could be made [18]. An overview of the
included studies is presented in Table 3.

AVN was reported across the included studies in 0-53.4% of patients whose fractures
were surgically managed. The timeframe from surgery to AVN detection was broad,
ranging from as early as three months [28] up to 5 months [21,29,30] or more [31,32]
years post-surgery.

Bali et al. was the only study that reported on 13 pediatrics patients managed con-
servatively in addition to 23 pediatrics patients who received surgery [18]. Although the
incidence of AVN after a mean follow-up of 2.7 years (range, 1.1-9.5 years) was 16.7%
in patients who received surgical treatment and 2.8% in those managed conservatively,
fracture reductions were lost in 8 out of 13 patients, requiring surgical stabilization [18].
Furthermore, patients who were managed conservatively were solely those with undis-
placed fractures (n = 8) and those in whom other concomitant injuries prohibited surgical
management (n = 5) [18]; in this case, the comparison of AVN risk between surgically and
conservatively managed patients in this study should be interpreted with caution.

Table 3. Overview of studies included in the review.

. Cohort . Post-Surgery . Displaced Undisplaced,
*
Study ID Country Study Design Size, N Intervention Follow-Up Baseline Age Fractures, N (%) N (%)
111 .
. United Retrospective fractures Internal fixation Mean 79 years
Bajada 2015 [19] Ki . with cannulated >90 days (range; 60-96 NA 111, (100%)
ingdom study in 108
. screws years)
patients
Closed or open
reduction and
internal fixation.
Implants
Retrospective gl:rlggﬁ;d’ Mean 2.7 years Mean 10 years
Bali 2011 [18] India study 36 threaded (range, 1.1-9.5 (range, 3-16 28, (77.8%) 8, (22.2%)
cancellous years) years)
SCrews or
pediatric
dynamic hip
screw
Closed reduction
Retrospective W::Trrfa?g;}zfd Mean 27 Mean 53.8
Chen 2017 [33] China P 86 P months (range, years (range, 42, (48.8%) 44, (51.2%)
study screw or
d 1 24-36 months) 26-83 years)
ynamic hip
system blade
Retrospective Fixation with 2 mgﬁﬁfgzz . Median 81
Do 2016 [34] Norway P 383 parallel screws & years (range NA 383, (100%)
cohort study 23-125
or 3 screws 72-86 years)
months)
Closed or open
. Mean 58
Duckworth 2011 United Prospective r?duf:tlon e?nd months Mean age 49 o
X . 122 fixation using years (range, 122, (100%) NA
[35] Kingdom single-arm study (18-155
three cannulated 17-60 years)
months)
screws
Closed reduction
Retrospective f?)?actlii)rrl:?;il 27.2 months 37 years
Elgeidi 2017 [36] Egypt P 35 usmg (range 6-41 (range 20-50 35, (100%) NA
study dynamic hip h
serew and months) years)
fibular strut graft
Retrospective Cl(;;e;i;i(::rf;ion Median age 61
Fan 2017 [37] China 65 <2 years years (range, 26, (40%) 39, (60%)

fixation with 3
screws

stady 19-84 years)
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Table 3. Cont.
Study ID Country Study Design * Sci‘;l:)g Intervention P;s{ig:;%e;y Baseline Age Fra]cjthsl!)el:clslc:% ) Un(;sg)/loa)ced,
Fixation with 3 All patients >
Grege[r;gil 2015 Denmark Caset—cci)hort 322 cannulated 2 years 65 ygars, mean 155, (48%) 167, (52%)
study screws 82 years (+8.3)
Closed reduction
. and internal Mean age 59.1
Han 2017 [38] Korea Retrospective 53 fixation with 3 Mean 29.5 years (ange, 14, (26.4%) 39, (63.6%)
study months
cannulated 31-82 years)
screws
Closed reduction
Hoel n Retr i nd internal ian
"z‘i)igrél;l]‘e Norway et S"tiﬁf}ft ve 337 ﬁxaatg;“:;thahip >3 months Med;eafsge 82 220, (65.3%) 117, (34.7%)
pins
Closed reduction
and internal
fixation with
Retrospective parallel Mean 4.76 Mean 46.6
Huang 2011 [40] Taiwan stul:::l 146 cannulated years (range, years (range, 42, (28.8%) 104, (71.2%)
¥y screws in 2-6 years) 17-60 years)
inverted triangle
or diamond
configurations
Gotfried closed
reduction and Mean 22.5 + All patients
. Retrospective internal fixation 11.3 months <65 years, o o
Huang 2020 [41] China stul:z:ly 67 with cannulated (range, 11-34 mear}: 48.9 30, (44.8%) 37, (55:2%)
cancellous months) years
screws
Closed reduction
in displaced
fractures and
Retrospective internal fixation >2 years Mean 48 years
Jo 2016 [42] Korea stuP::l 45 with multiple (range, 24-75 (range 19-69 27, (60%) 18, (40%)
Y SCrews or months) years)
compression hip
screw for all
fractures
Closed reduction
internal fixation Mean 9.1 years
(group 1) ar'ld (range,. 1 year
. Retrospective open red.ucn.o n Mean 35.1 and 8
Ju 2016 [16] China 58 internal fixation months (range, NR NR
study . months-15
(group 2); 17-61 months) cars and 7
several types of Y months)
implants were
used
Closed reduction
Retrospective and internal x?)?::}?sl Mean 68.22
Ju 2020 [21] China P 73 fixation with . years (range, 38, (52.1%) 35, (47.9%)
study cannulated (range, 13-128 60-85 years)
months) ¥
screws
Retrospective Internal fixation mgﬁfﬁ? (:igfge Mean 55.8
Kang 2016 [43] Korea stud 84 with cannulated 04148 ’ years (range, 35, (41.7%) 49, (58.3%)
Y screws 16-88 years)
months)
Fixation using a
locking plate
Retrospective system with Mean 29 7.1 Mean 71.6
Kilian 2018 [44] Slovakia st f 4 82 telescoping (range, 24-62) years (range, 40, 48.8%). 42, (51.2%)
Y sliding screws months 30-90 years)
(Targon FN
implants)
Retrospective Internal fixation m})\ﬁfﬁ;‘ é 2: o Mean 77.5
Kim 2014 [22] Korea ¢ pd 58 with multiple 12-151 8¢ years (range NA 58, (100%)
study screws 65-96 years)
months)
Internal fixation
Retrospective it zi?er::fﬂated Mean 23.9 Mean 40.0
Kim 2021 [45] Korea + pd 58 . hi months (range, years (range, 41, (70.1%) 17, (29.3%)
study compressive up 4-242 months) 9-80 years)

screw fixation or
nailing
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Table 3. Cont.
. Cohort . Post-Surgery . Displaced Undisplaced,
®
Study ID Country Study Design Size, N Intervention Follow-Up Baseline Age Fractures, N (%) N (%)
Closed or open
reduction and
internal fixation
with cannulated
Retrospective screws, or open >2 years Mean 57.2
Kumar 2014 [46] India ot P d 62 reduction and (range, 2.5-4 years (range, 38, (61.3%) 24, (38.7%)
udy fixation with a years) 45-82 years)
dynamic hip
screw and a
derotation
screw
Study group
(group A, treated
with three
Sccarr:‘;“;lji‘fi Mean 29.26 Mean 39.1
. months in years in group
Li 2018 [47] China Retrospective 185 CCIABG) group A and Aand 35.5 185, (100%) NA
Y (group B %reatg d 28.74 months years in group
with traditional in group B B
three cannulated
screws without
DCIABG)
Internal fixation
. . Mean 45.4
Liu 2013 [48] China Prospective 45 with 3 Mean 39.8 years (+£14.2 24, (53.3%) 20, (44.4%)
study cannulated months
screws years)
Open reduction
and internal
Retrospective ﬁxinh(;)gifvivel;h : 224 months Mean 37.2
Luo 2017 [49] China P 17 Lo (range, 24-36 ears (range, NR NR
study dynamic hip & b4 &
serew loaded months) 27-52 years)
with autologous
bone graft
. Internal fixation Mean 39
Mano{lza%r]a 2014 Singapore Retrsotip:;ectlve 100 with cancellous months (range, szsingifgg’ NA 100, (100%)
- Y screws 25-76 months) 8¢
Open or closed
reduction and mean 5.2 vear
Retrospective fixation with a e?ran. eysea S mean 45.7
Min 2011 [28] Korea stupd 146 sliding montghs,—7 years (range, 91, (62%) 55, (38%)
y hip screw or cars) 17-70 years)
cannulated b
screws
235,
including
65
patients
Prospective pilot tr\f/eil:ﬁd Intexll;/?’?lll f[l‘;ﬁ(l)tlon Median 26 Median 83
Mukka 2020 [24] Sweden 3 stud p internal cannulated months (range, years (range NA 65, (100%)
udy fixation scrzws 0-56 months) 61-98 years)
and of
interest to
the
review
Mean 76.2 + Mean 63.7
Internal fixation 31.6 months in (ranyia;Z—SB)
Case-control with cannulated ANFH group in thge ANFH
Novoa 2019 [29] Spain tud 121 titanium screws and 52.6 + . nd 69.7 NA 121, (100%)
study with a diameter 25.1 months in gyzzfs ?range.
of 6.5 mm the rc(c))::trol 18-93) in the
group control group
Closed reduction
Osarumwense United Retrospective fr;gtl'l.slfizc:rilly) 224 months Mean 66 years
2015 [50] Kingdom study 3 and fixation with (range, i4_47 (range, 24-94 12, (28%) 31, (72%)
the Targon FN months) years)
implant
Ret H F1>1§at10}r1 With Mean 53.3 Mean 77 years
Park 2015 [25] Korea etrospective 19 roximat months (range,  (range, 71-82 NA 19, (100%)
stud Femoral Nail g g
y N . 30-72 months) ears)
Antirotation ¥y
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Table 3. Cont.
. Cohort . Post-Surgery . Displaced Undisplaced,
Study ID Country Study Design * Size, N Intervention Follow-Up Baseline Age Fractures, N (%) N (%)
Mean 36.3
(median 29.5,
range: 12-85) -\ joans06 4
In situ or months apd 10.3 year for
Ret " post-reduction 326 éZO(medlaﬁ the in-situ
Park 2021 [51] Korea etrospective 55 internal fixation S TANSE group and 51.3 NA 55, (100%)
study with three 13-120) + 9.8 years for
months for the © years
parallel screws in situ and the reduction
reduction group
groups,
respectively
Fixation with a Mean 76.0
Parker 2013 [52] Umted Retrospective 320 dynamic locking ~ Mean 2.5 years years (range, 208, (65%) 112, (35%)
Kingdom study plate (Targon (range, 2.0-10) 22-103)
FN)
Closed or open
Retrospective fif(ictl;iflvi?tﬁg{3 Mean 7.5 years Mg aSn Se?jsi
Pei 2020 [31] China P 250 (range, 1-15 © Y 142, (56.8%) 108, (43.2%)
study hollow ears) (range, 18-59
compression ¥y years)
screws
Fixation using
cannulated Mean 44.7
. . screws, dynamic years (range,
Razik 2012 [53] K[iim:tje%n Retrofﬁf‘“"e 9 hip screws, ora  Mean 2 years 11-59), 68, (73.9%) 24, (26.1%)
gdo study dynamic hip (median age,
screw with a 50 years)
derotation screw
United Retrospective Fixation with Mean 77 years
Riaz 2016 [26] Ki P 251 cannulated hip NR (range 60-101 NA 251, (100%)
ingdom study
screws years)
Clolsntzd'retduction Mean 18.1 ( Group 14;5 .
Ret " (Dynamic i’lip 12f_36 montllls) ¥9%2/ yea;gs)/,
Sahin 2020 [54] Turkey € r:iﬁfc e 78 screw and Oarngdr ?Zg group 34, (43.6%) 44, (56.4%)
y antirotation h ) 2—(mean age
screw—group 1 months (range, 41.9 years;
’ 12-25 months) . 4
Cannulated for or P range, 17-75
screw—group 2) or group years)
Fixation using 3
. cancellous
Sales 2012 [55] Iran Prospective 51 screws in a <1 year Mean 49.12 NR NR
cohort study . 16.8 years
reverse triangle
arrangement
Group
A—closed Range 2045
reduction and for both
internal fixation groups; mean
. . 12-48 months X
Samy 2015 [56] Egypt Prospective 60 with three withameanof ~28¢30+7.8:32 60, (100%) NA
study cannulated + 6.4 for
28 months
screws Group group A and
B—addition of 28 + 8.4 for
PRP to internal group B
fixation
Closed or open Median 28
. . reduction and
Schweitzer 2012 Chile Retrospective 29 internal fixation months (range Mean 46.45 + 29, (100%) NA
[57] study X 24-144 11.59 years
with cannulated months)
screws
. Closed reduction Median 78
5 Oh(EISI:;] 2019 Sweden lzggrgsf setCIdee 417 and internal l\fﬁjﬁl ?e).42§2§5 years (range, NA 417, (100%)
y fixation 8¢ 50-108 years)
Minimally
traumatic
Ret G re;i(tfct%on with Mean 4.6 years Mean 35 years
Su 2011 [59] China etrospective 25 WIS oF (range, 3-5 (range, 19-54 25, (100%) NA
study Steinman pins cars) cars)
and fixation with ¥y ¥y
three cannulated
screws
Closed reduction Mean 48.76
Sun 2021 [60] China Prospective 75 ﬁa)gigrlltfgilg >2 years years, 48, (64%) 27, (36%)
cohort study =y (range,18-65 ’ !
three parallel years)

FTHCS
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Table 3. Cont.
. Cohort . Post-Surgery . Displaced Undisplaced,
*
Study ID Country Study Design Size, N Intervention Follow-Up Baseline Age Fractures, N (%) N (%)
Open or closed
reduction and
Ret G internal fixation Mean 52 Mean 47.5
Wang 2014 [30] China € rsotipcfc e 146 with 2 or 3 months (range, years (range, 90, (61.6%) 56, (38.4%)
y cannulated 9-84 months) 18-68 years)
cancellous
screws
Closed reduction
Single-centre and unilateral >2 years Mean 55.4
an, \ aiwan retrospective internal fixation range, 2— ears (range, , o , o
Wang 2018 [32] Tai pecti 117 i 1 fixati (range, 2-8 y (rang 69, (59%) 48, (41%)
study with cannulated years) 50-60 years)
screws
. Closed reduction
Wang 2019 [61] China Retrospective 241 and internal >18 months Mean 53.46 NR NR
study fixati years
ixation
. . Retrospective with/without an . months . Mean 45.18
Wei 2021 [62] Taiwan 22 ! . (interquartile years £ 16.00 NR NR
study antirotational
range, 12-24 years
screw or dual
months)
constructs
Open or closed
Retrospective 16 reduction and Mean 23.2 Mean 10.4
Wu 2020 [17] China stth patients, internal fixation months (range years, (range, 16, (94.1%) 1, (5.9%)
Y 17 hips using K-wire 10-58months) 1-14 years)
pinning or screw
Closed reduction
Single-centre, and fixation with l\;iainxﬁir?ti:c Mean 65.33 +
Xiao 2018 [27] China retrospective 36 dynamic (r;an e 12_29’ 9.30 years 27, (75%) 9, (25%)
study compression 8¢/ (range,53-82)
locki months)
ocking system
Closed reduction
and fixation with
multiple
Retrospective cannulated Mean 22.0 Mean 50.3
Xiong 2019 [63] China + 1:;1 46 screws (6.5 mm months (range, years (range, 46, (100%) NA
study in diameter) in 12-36 months) 19-60 years)
inverted triangle
or diamond
configuration
Open reduction
and internal
Retrospective fixation using Mean 13.6 Mean 42.1
Ye 2017 [64] China ot up 4 28 cannulated months (range, years (range, NR NR
Y screws and 12-18 months) 29-57 years)
medial buttress
plate fixation
Closed reduction
and fixation
using 7.0-mm 40-60
. -60 years
Zahid 2012 [65] India Retrospective 3 cannulated Mean 2 (range, (mean, 52 33, (100%) NA
study cancellous 1-4) years cars)
screws and Y
fibular strut
grafts
Closed reduction
Case-control and internal Mean 42 Mean 74 years
Zeng 2017 [66] China stud 325 fixation with months (range (range 50-94 220, (67.7%) 105, (32.3%)
Y cancellous 37-46 months) years)
screws
Open reduction
and fixation with
Retrospective anteromedial Mean 18 Mean 36.5
Zhuang 2019 [67] China : pd 26 femoral neck months (range years (range 26, (100%) NA
study plate with 12-30 months) 19-44 years)
cannulated
screws

* In some cases, the study’s design was not explicitly reported, and the study’s type was determined by the
reviewer based on available methodology. Abbreviations: ANFH, avascular necrosis of the femoral head; DCIABG,
deep circumflex iliac artery-bone grafting; FTHCS, fully threaded headless cannulated screws; NA, not applicable;

NR, not reported; PRP, platelet-rich plasma.

3.3. Incidence of AVN
3.3.1. AVN Incidence in Displaced and Undisplaced Fractures

A total of 25 studies reported both the number of included patients with displaced
fractures and the incidence of AVN in these patients [17,18,21,27,28,30,32,36-40,42—45,
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50,52,53,56,59,60,65-67], and they were included in the meta-analysis. For undisplaced
fractures, the corresponding data were available for analysis from 28 studies [17-19,21-
24,26-30,32,34,37-40,42-45,50-53,60,66]. The pooled mean AVN incidence was significantly
higher among patients with displaced fractures (20.7%; 95% CI: 12.8-28.5%) than among
those with undisplaced fractures (4.7%; 95% CI: 3.4-6.0%).

3.3.2. AVN Incidence by Garden Stage

Data on the incidence of AVN by Garden stage were derived from studies reporting
both the number of patients with a given stage and AVN incidence for that stage. A total
of 10 studies reported Garden stage I fractures [17,21,30,37,38,42,44,45,51,61,66], 10 stud-
ies reported Garden stage II fractures [17,21,27,30,37,38,42,44,45,66], 13 reported Garden
stage III [17,21,27,30,36-38,42,44,45,56,65,66] fractures, and 12 reported Garden stage IV
fractures [17,21,30,36-38,42,44,45,56,65,66]. The pooled mean incidence of AVN was 13.6%
for stage I (95% CI: 0-28.4%); 12.2% (95% CI: 0-26.2%) for stage II; 17.0% for stage III (95%
CI: 6.4-27.6%); and 32.8% for stage IV (95% CI: 11.8-53.8%) with no significant differences
between the Garden stages.

3.3.3. AVN Incidence by Pauwels’ Degree

Data on the incidence of AVN by fracture degree according to Pauwel’s classification
were derived from studies reporting both the number of patients with a given degree and
AVN incidence for that degree. Only two studies reported data for Pauwel’s degrees I
and II [21,42]. Data from 5 studies were available for degree III fractures [21,42,49,60,64].
The pooled mean incidence of AVN was 21.8% (95% CI: 0-70.4%) for Pauwel’s degree I
fractures, 10.3% (95% CI: 0-25.9%) for degree 1II fractures, and 5.5% (95% CI: 0-12.4%) for
degree III fractures, with no significant differences between different Pauwels’ degrees
(Figure 2). However, given the small number of studies contributing data, particularly for
degrees I and II, conclusions should be cautiously drawn.

Factor % 95% C.L.
Type displaced 20.7 (128-28.5) —
undisplaced 47 (34-6.0) =
Garden I 136 (00-284) ——
N 122 (0.0-26.2) —o—
m 170 (64-276) ——
Iv 328 (11.8-53.8) ——
Pauwel 1 218 (0.0-704)
I 103 (00-259) ——
M 55 (0.0-124) =
Delbet I 500 (95-905)
I 250 (65-435) ——o——
M 143 (00-404) ——
IV 111 (20-435) —e—-
Age 20050 75 (4.1-191) —e—v

50+ 76 (28-123) —

Figure 2. Results of the meta-analysis assessing AVN incidence according to the dependent
variables examined.

3.3.4. AVN Incidence by Delbet’s Type

Delbet’s classification of fractures is used in pediatrics and was represented by a
limited number of studies in this review. Only studies reporting the number of patients
with a given fracture type and AVN incidence for that type were included. Although three
pediatric studies were identified in the review [16-18], Ju et al. [16] did not report the
incidence of AVN by fracture type; thus, the study was not included in the meta-analysis.
This resulted in two studies contributing data for Delbet’s types I, II, and III [17,18] and
single research contributing data for Delbet’s type IV [18] due to the lack of patients
with type IV fractures in the study by Wu et al. [17]. Increasing Delbet stages represents
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decreasing AVN risk. This trend could also be observed in the present review (Figure 2).
However, the differences in AVN incidence between Delbet stages were not statistically
significant. The results should be interpreted with extreme caution due to the small number
of pediatric studies.

3.3.5. AVN Incidence by Age Category

Patients” age was categorized as 20-50 or >50 years old. Data on the incidence of
AVN by age were derived from studies reporting both the number of patients within a
given age category and AVN incidence for that category. For patients aged 20-50 years,
data from four studies were available for analysis [36,47,56,67], while nine studies [19-27]
contributed data for patients aged > 50 years. The pooled mean AVN incidence was 7.6%
among patients aged > 50 years (95% CI: 2.8-12.3%) and was not significantly different
from the incidence in patients aged 20-50 years (7.5%, 95% CI: —4.1-19.1.5%).

3.4. The Relationship between AVN Incidence and Time Interval from Injury to Surgery

A total of 28 studies reported on both AVN incidence and the time interval between
injury and surgery [16,17,22,25,27-30,32,33,36,40-45,47,49,51,52,54-57,59,65,67]. There was
no significant correlation between AVN incidence weighted by sample size and time
interval from injury to surgery, with a slope of weighted linear regression equal to —0.01
(p = 0.843, R? = 0.01) (Figure 3).

Schweitzer 2012

Q

Min 2011

Huang 2020

) (w200)

“‘e
00— (Park2021] O
O

(o] (Ghenzor7

Zahid 2012

Sales 2012]

Samy 2015 ) ijian 2018

(Su2011] O\{Elgeidi 2017]0\{Xiao 2018]
0 50

100 150 200

Time from injury to surgery [hours]
Figure 3. The relationship between AVN incidence and time from injury to surgery [16,17,22,25,27—
30,32,33,36,40-45,47,49,51,52,54-57,59,65,67]. The size of the dot corresponds to the sample size of
the study.
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4. Discussion

The present review summarised the risk of AVN following surgery to stabilize femoral
neck fractures. In the meta-analysis of AVN incidences by fracture displacement, the inci-
dence of AVN was significantly higher in patients with displaced (corresponding to Garden
II-IV) compared with undisplaced (corresponding to Garden I-1I) fractures. However,
when the four Garden stages were assessed individually, no significant differences in AVN
incidence between locations were identified. Similarly, no significant differences in AVN
incidence were observed between different Pauwels” angles and Delbet stages. However,
due to the small number of studies using clinical classifications, the results should be inter-
preted with caution. Regarding age, the incidence of AVN was not significantly different
between patients aged 20-50 years and those aged > 50 years; however, numerically lower
AVN incidence was observed in the latter group. Finally, AVN incidence did not correlate
with the time between injury and surgery.

The findings of this review confirm previous reports of increased AVN risk in displaced
compared with undisplaced fractures. A meta-analysis by Xu et al., including 2065 patients
from 17 case-control studies, demonstrated that the risk of AVN after internal fixation was
0.4-fold higher in patients with displaced fractures (Garden III-IV) than in patients without
displacements (Garden I-1I) [68].

Regarding the relationship between AVN incidence and the time interval between
surgery and injury, the present study’s results are similar to two previously published
meta-analyses [68,69]. In a meta-analysis specifically assessing the effect of injury-to-
operation interval on the development of late complications, no significant differences in
the risk of AVN were detected when comparing surgery performed within and outside
of 6,12, and 24 h intervals from injury and when comparing AVN risk following surgery
conducted within 6 h post-injury with surgery performed > 24 h post-injury [69]. Similarly,
Xu et al.’s meta-analysis detected no statistically significant difference in AVN risk based
on an injury-to-operation interval of <24 h vs. >24 h [68].

The observed lack of increased AVN risk in older patients is also consistent with
Xu et al., who reported no significant difference in the risk of AVN between patients aged
< 60 years and >60 years [68]. It should be noted that the meta-analysis by Xu et al. used a
different age categorization compared to the present study in which patients were classified
as <50 or >50 years old, and the incidence of AVN was numerically higher in the younger
patient group. However, both the European Society of Trauma and Emergency Surgery
(ESTES) [14] and American Academy of Orthopaedic Surgeons (AAOS) [15] guidelines
recommend arthroplasty or hemiarthroplasty in elderly patients with displaced fractures,
and these procedures were excluded from the present review. Therefore, it is likely that
patients aged > 50 years included in the present review experienced fractures associated
with an improved prognosis than younger patients, which influenced the relative incidence
of AVN in these groups. Indeed, among the nine studies reporting only on patients aged
> 50 years [19-27], six studies included only patients with undisplaced fractures [19,22-26].
In contrast, among four studies reporting only patients aged 20-50 years [36,47,56,67], all
included only patients with displaced fractures.

The strengths of this review include a substantial number of studies captured and a
broad scope of the review in terms of study settings, fracture types, patient age, and the type
of implant used. The real-world nature of the included studies supports the applicability of
the review findings to everyday clinical practice. Regarding the limitations of this review,
no conclusions could be derived on AVN incidence following the stabilization of different
fracture types according to Pauwels’ and Delbet’s classifications due to the small number
of studies rendering relevant data. Furthermore, while both the Ficat classification and
the Steinberg classification are often used to classify the severity of AVN [4], only one of
the included studies reported AVN severity according to the Fi-cat classification [54]. This
paucity of data on AVN severity meant that it could not be accounted for in the review and
meta-analysis. Another important limitation is the heterogeneity of the reviewed studies,
which may be a source for bias and does not allow the analysis of AVN risks in specific
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populations; therefore, more analyses will be planned in order to deepen the knowledge
regarding the possible differences in incidence and severity of AVN in selected age groups
and after different types of interventions.

5. Conclusions

The risk of AVN following femoral neck fractures was substantial and significantly
higher for displaced (Garden III-IV) than undisplaced (Garden I-II) fractures. The time
interval from injury to surgery did not correlate with AVN incidence. The review re-
sults highlight the substantial long-term risk of AVN, particularly in patients with dis-
placed fractures, and call for prolonged post-surgical follow-up for patients with femoral
neck fractures.

Supplementary Materials: The following supporting information can be downloaded at: https:
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