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Abstract: This review compares internal fixation versus arthroplasty in the treatment of nondisplaced femoral neck fractures (FNFs)
calling attention to evolving areas of consensus that influence clinical decision-making. The Garden classification system, typically
dichotomized into nondisplaced (types I and II) and displaced (types III and IV) fractures, has been used as a guide for surgical
decision-making. Conventionally, treatment of nondisplaced FNF in the elderly has been with internal fixation, and treatment of
a displaced FNF has been hemi-, or more recently total hip, arthroplasty. Studies over the last decade have raised concern over the
appropriate treatment of nondisplaced FNFs due to high rates of reoperation of nondisplaced FNFs treated with internal fixation.
Avascular necrosis (AVN), failure of internal fixation, secondary malunion, and pin/nail penetration through the femoral head have all
been observed. Several studies have attributed fixation failure to a degree of femoral neck tilt >20°, either posteriorly or anteriorly as
seen on the lateral X-ray. Because of these observations of fixation failures, the suggestion has been made that arthroplasty be used
when the degree of posterior tilt exceeds a threshold of >20° tilt with the expectation of diminishing failure of fixation, decreasing the
risk of reoperation and preserving function without increasing mortality rate. Frustrating additional analyses are uncertainties over the
mechanisms of failure of internal fixation with >20° tilt and the persistently substantial 1-year mortality rate after FNF, which has not
been influenced by fixation or replacement type. Due to the lack of consensus regarding the determination of the appropriate surgical
intervention for nondisplaced FNFs, an improved algorithm for surgical decision-making for these fractures may prove useful.
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Introduction

Surgical treatment of femoral neck fractures (FNFs) has varied over the years. Constructs have included screw and pin
fixation, static and dynamic hip screws, hemiarthroplasty, and total hip arthroplasty. The treatment of FNFs reflects
progress not only in our understanding of the vasculature and biomechanics of the femoral head and neck but also in the
development of orthopedic implants and devices. Traditionally, nondisplaced FNFs have been treated with in situ
stabilization, while displaced fractures have been treated with replacement arthroplasty. These fractures often occur in
elderly and, very frequently, fragile individuals. Less invasive procedures have been preferred in this demographic to
minimize surgical trauma including blood loss, muscle dissection, and anesthesia time. However, this treatment algorithm
has been questioned because of relatively high failure rates which then necessitate reoperation.

The epidemiology of FNFs is significant for several reasons. With an aging population and the increased prevalence
of osteoporosis globally, the incidence of hip fractures is increasing along with associated mortality. As reported by the
World Health Organization, the global population aged >85 will increase 4.5-fold from 2010 to 2050 and, concurrently,
the global incidence of FNFs is estimated to rise to 2.6 million annually by 2025 and at least 4.5 million by 2050." As
these numbers rise, further investigation into reasons for treatment failures is imperative to ensure optimum surgical
management and mortality mitigation.

While several studies report that treatment of FNFs via internal fixation is not satisfactory due to a high rate of
complication, many other studies still advocate internal fixation because of its advantage as a minimally invasive method
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with less blood loss and surgical trauma, and shorter operation time as compared to arthroplasty.*’ Comparative studies
of internal fixation and arthroplasty for the treatment of FNFs are difficult to do because limited access to the medical
history of the pre-injured patient may create unmatched cohorts and introduce inadvertent bias. Additionally, the
complications of internal fixation and arthroplasty are distinct from one another. Although the revision rates of
arthroplasty tend to be lower than internal fixation, the potential complications are, on average, much greater. Both,
however, are characterized by substantial and essentially equivalent mortality rates. Randomized clinical trials (RCT)
have been done infrequently and with small cohort sizes. It may be that larger RCT cohorts are needed to balance these
confounding factors. Although several RCTs have been published, only one identified study has substantial sample size.
Additional RCTs are warranted to compare these two treatment methods.

This review presents seminal reports of observations, methods of measurement, and outcomes of the treatment of
nondisplaced (Garden I and IT) FNFs to examine if a current treatment consensus can be reached. We consider outcomes
in the categories of mortality, postoperative function, perioperative complications, and reoperation. Finally, we explore
several unresolved issues, particularly regarding mechanisms of failure and impacts on function, so that further refined
treatment indications may be agreed upon.

The Garden Classification

Classification systems can serve numerous functions, including prediction or prognosis, evaluation of stability, or simply
description. In 1961, R.S. Garden proposed a classification system for intracapsular FNFs that provided prognostic
information about outcomes of surgical treatment and has strongly influenced surgical decision-making.® The system is
simple and is based upon the nature and extent of angular deformity and displacement of the femoral neck on AP
radiographs, with prognostic implications for healing of the FNF and survival of the femoral head.

The Garden classification was foundationally based exclusively on anteroposterior radiographs with no consideration
of alignment on lateral X-rays. Garden types I and II are nondisplaced fractures, with Garden I indicating a valgus-
impacted incomplete fracture and Garden II indicating a complete but nondisplaced fracture. Conversely, Garden types
IIT and IV are both displaced. Garden III is a complete fracture with partial displacement and Garden IV is a complete
fracture with complete displacement as indicated by parallel orientation of the trabeculae (Figure 1).*

Internal Fixation

To determine the appropriate role of arthroplasty, an understanding of the failure rates of internal fixation is beneficial.
Until recently, the clinical consensus suggested that internal fixation should be the treatment of choice for nondisplaced
(Garden I or II) FNFs.'” In patients with displaced fractures (Garden IIT or IV), a decision would have to be made
whether to reduce and internally fix the fracture or to perform an arthroplasty.'® Shah et al developed a flowchart in 2002
to describe the appropriate intervention for FNFs. This decision-making tool indicated, simply, that the appropriate
treatment for nondisplaced fractures was cannulated screw fixation.'' Many patients with nondisplaced FNFs are elderly
and frail, and much of the appeal of internal fixation in this group is that it allows for shorter surgical time, less blood
loss, and reduced surgical trauma. The treatment algorithm for nondisplaced FNFs began to unravel with the recognition
that surgical failure and reoperation rates of internally fixed FNFs ranged from 8% to 21%, whereas arthroplasty
maintains a less frequent rate of reoperation ranging from 2% to 7%.'*"?

Several different strategies exist for internal fixation of FNFs, including dynamic hip screws and cancellous screws.
The robust 2017 “Fixation using Alternative Implants for the Treatment of Hip fractures” (FAITH) trial determined the
efficacy of sliding hip screws (n=557) as compared to cancellous screws (n=551) in terms of risk of reoperation and
other, patient reported, outcomes.'* Patients who had experienced low-energy FNFs, the majority of which were
nondisplaced, were randomly assigned to one of the two cohorts. Many demographic characteristics were similar
between the cohorts, including age, sex, ethnicity, pharmaceutical use, BMI, smoking history, laterality, mechanism of
fracture, and additional injuries. The study included FNFs at various levels in the neck and all four Garden types. The
study determined that an age >80 years was associated with increased risk of reoperation as compared to those in
a younger demographic (15.3% [35 of 229]; HR, 3.88; 95% CI, 1.16 to 12.90; P = 0.03). Also noted, when considering
patients with all 3 of the risk factors with observed trends (ie, posterior tilt >20°, age >80 years, and being of the female
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Figure | Garden classification system of femoral neck fractures. (A) Garden Type I. (B) Garden Type Il. (C) Garden Type lll. (D) Garden Type IV.
Notes: Reproduced with permission from Kazley JM, Banerjee S, Abousayed MM, Rosenbaum AJ. Classifications in Brief: Garden Classification of Femoral Neck Fractures.
Clin Orthop Relat Res. 2018;476(2):441-445.°

sex), the failure rate was 42.9% (6 of 14)."” Risk factors such as these must be considered in the surgical decision-making
process because of their impact on perioperative and intraoperative complications.

Although poor bone quality is commonly cited as a reason for failure of internal fixation, a study by Viberg et al did
not find any association with fixation failure and low bone mineral density (BMD; T-score below 2.5 standard deviations
from the reference) in a series of 140 patients treated with multiple cancellous screws who had DEXA scans
postoperatively.'® In another prospective study comparing outcomes in patients with displaced FNFs, DEXA scans
found similar BMD in osteoporotic and osteopenic patients with fixation failure. The rate of failure was also insignif-
icantly different when comparing osteoporotic to osteopenic patients (42% vs 41%, P=0.87)."” However, factors that
influence the hip BMD measurement must also be considered. BMD of the hip is not constant and declines in the elderly
population by approximately 0.5% per year, which may partially be attributed to declines in activity. The few studies that
address the question of BMD in relation to outcomes of nondisplaced FNF treatment either lack adjustment for
confounding variables or do not report critical information such as reduction quality or preoperative displacement. As
such, further detailed studies are needed to determine the relationship between BMD and risk of FNF fixation failure.

The role of posterior tilt, or apex anterior fracture angulation, has also been cited as a reason for construct failure.
A method of measuring posterior tilt on lateral X-rays was described by Palm et al as the angle between the mid-femoral
neck and the head-neck segment on either side of the fracture (Figure 2). The posterior tilt measured according to their
method combines posterior angulation and displacement between the femoral head and neck, both of which may

influence the stability of the fracture and the vessels passing the fracture area.'®
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Figure 2 AP (left) and lateral (right) radiographs of a Garden Il femoral neck fracture demonstrating posterior tilt (a) measured as the angle between the mid-column (neck)
line (MCL) and the radius column (neck) line (RCL), drawn from the center of the femoral head (C) to the point at which the femoral head and MCL cross.

Notes: Reproduced with permission from Palm H, Gosvig K, Krasheninnikoff M, Jacobsen S, Gebuhr P. A new measurement for posterior tilt predicts reoperation in
undisplaced femoral neck fractures: |13 consecutive patients treated by internal fixation and followed for | year. Acta Orthop. 2009;80(3):303—307.IB

However, a lack of consensus regarding the role of posterior tilt in surgical failure persists. Conn and Parker evaluated
a cohort of 3444 patients with nondisplaced FNFs and found that, generally, the presence of posterior tilt was
a statistically significant predictor of nonunion, but not of subsequent AVN.'"” To clarify this, Palm et al assessed
reoperations due surgical failures according to specific degrees of preoperative posterior tilt.'® Of the study cohort of 113
patients, 26 (23%) required reoperation because of surgical failure caused by nonunion, AVN, infection, additional
fracture, or device penetration through the femoral head. An additional 5 patients had reoperations for implant irritation
or infection. To assess the threshold at which tilt becomes clinically significant, the degree of posterior tilt was stratified
as being <20° or >20°. 14/25 (56%) patients with preoperative, posterior tilt of >20° required reoperation compared to
12/88 (14%) with <20° (p<0.001) (Figure 3). Of the many clinical factors analyzed by logistic regression, posterior tilt of
>20° was the only predictor of reoperation. 21/113 (19%) of the patients died within the first postoperative year.'® The
authors concluded that, postoperatively, neither the positioning of the implants nor the fracture reduction influenced the
reoperation rate. Rather, they suggested that reoperation may instead be associated with preoperative posterior tilt, which
may cause injury to the retinacular vessels resulting in AVN or may create a more unstable fracture pattern.'®

In response to this new method of measurement proposed by Palm et al, a 2012 cohort study aimed to validate the
claim that posterior tilt was indeed a preoperative risk factor influencing reoperation rate after internal fixation of Garden
type I and II FNFs. The participants were divided into three groups by degree of posterior tilt identified on lateral
radiograph: 0-9° (n=170), 10-19° (n=139), and >20° (n=73). Among the three groups, there were no significant
differences in rate of reoperation (P = 0.3) and no significant differences in mortality.”’ These observations questioned
the clinical significance of the measurements of Palm et al and Conn and Parker, which claimed posterior tilt should be
identified as a preoperative risk factor and guide surgical decision-making. Palm acknowledged that leg rotation could
detract from the accuracy of the measurements made using his method and an element of standardization may need to be
adopted in taking the lateral film.
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Figure 3 Distribution of posterior tilt and rates of reoperation in the |13 patients who were operated on with internal fixation for a Garden | or Il femoral neck fracture.
Bar graphs represent the total number of cases and red lines represent the percent of the group that underwent reoperation, shown to be disproportionately greater in
patients with a posterior tilt >20°.

Notes: Reproduced with permission from Palm H, Gosvig K, Krasheninnikoff M, Jacobsen S, Gebuhr P. A new measurement for posterior tilt predicts reoperation in
undisplaced femoral neck fractures: |13 consecutive patients treated by internal fixation and followed for | year. Acta Orthop. 2009;80(3):303-307.'®

The clinical data are very compelling and point to 20° as a decision point for surgery (Table 1). However, common
radiographic experience reveals that angulation can appear quite differently depending upon how the bone is rotated
relative to the X-ray beam (Figure 4). Studies pointing out the importance of femoral neck tilt in surgical decision-

making did not report consistent beam positioning relative to the femoral neck. As it would be difficult to do, in any

Table | Reoperation Rates in Studies of Nondisplaced FNF Repair Comparing
Preoperative Tilt

Study Reoperation Rate P-value/Risk Ratio
Palm et al'® <20° 12/88 (14%) P < 0.001
2 20° 14/25 (56%)
Lapidus et al®® | 0° to 9° 25/170 (15%) I*
10° to 19° 13/139 (9.4%) P=02
2 20° 7173 (9.6%) P =04
Sjoholm et al®' | <-10° 5/9 (56%) RR = 5.5, 95% [CI] 2.8-11
—10° to 20° 35/348 (10%) |*
2 20° 13/60 (22%) RR =22, 95% [CI] 1.2-3.8
Sjoholm et al®? | < —10° 14/40 (35%) RR = 3.5, 95% [CI] 2.3-5.1
—10° to 20° 172/1164 (15%) |*
> 20° 65/301 (22%) RR = 2.0, 95% [CI] 1.6-2.6
Wang et al? <20° 392/3578 (11%) RR =2.73, 95% [CI] 1.8-4.2
2 20° 170/698 (24%)

Note: *Reference.
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Figure 4 Example with a proximal femur model within a fixed direction X-ray beam demonstrates that rotation of the bone within the beam produces varying perceptions
of femoral neck angle. (1) femoral neck angle measured to be 130°, (2) measured to be 134°, (3) measured to be 149°, and (4) measured to be 142°.

event, in the fracture patient, it is worth considering if there is any influence of proximal femoral positioning on the
perception of femoral neck tilt. As Palm suggests in his rebuttal to the observations made in Lapidus et al, positioning of
the femoral head and neck is critical for proper evaluation. As seen in the image below, simple rotation of the femur can
result in variability in the perceived femoral neck angle. This is also true for lateral radiographs. Therefore, formulation
of a standardizing procedure when obtaining radiographs, such as through manipulation to achieve anatomical position or
the use of stirrups, may prove useful.'?

Two contemporary, retrospective studies using the Swedish registry data revisited this method of measurement of
nondisplaced FNFs, supplementing with an evaluation of anterior tilt as well. In agreement with Palm’s observations, the
overall reoperation rate of internal fixation in one study was 69/417 (17%). This revealed a relative risk (RR) of treatment
failure of 5.5 (95% CI, 2.8 to 11) in patients with a preoperative anterior tilt of >10° and 2.2 (95% CI, 1.2 to 3.8) in those
with a posterior tilt of >20°.?' In addition, the hazard ratio was identified to be significant in patients with an anterior tilt
of >10° and a posterior tilt of >20°.

The concurrent consideration of anterior tilt with posterior tilt was a novel development at the time and, therefore,
required additional confirmation with greater numbers. To do so, Sjoholm et al used the Swedish registry once more to

confirm these observations in a group with a mean age of 81, finding again an overall internal fixation reoperation rate of
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Figure 5 Graph showing the risk of treatment failure (Hazard Ratio) as a function of tilt in degrees. Anterior tilt corresponds with negative values on the x-axis. Posterior
tilt corresponds with positive values on the x-axis. Vertical blue lines represent the significant hazard ratios. The values are adjusted for sex, American Society of
Anesthesiologists (ASA) classification, sheltered housing, implant inclination, cognitive impairment, and postoperative fracture tilt. The light blue area corresponds to the
95% Cl.

Notes: Modified from Sjoholm P, Sundkvist J, Wolf O, Skoldenberg O, Gordon M, Mukka S. Preoperative Anterior and Posterior Tilt of Garden I-Il Femoral Neck Fractures
Predict Treatment Failure and Need for Reoperation in Patients Over 60 Years. JB |S Open Access. 2021;6(4):e21.00045. Creative Commons.?

17% (Figure 5). In this reexamination, the reoperation rates of fractures with a posterior tilt >20° and anterior tilt >10°
(22% and 35%, respectively) were disproportionately higher than in those with posterior tilt <20° (15%).** This is
suggestive that arthroplasty as an initial intervention for a subgroup of elderly fracture patients with a posterior tilt >20°
may prove beneficial, as this may avoid complications such as AVN or nonunion, and subsequent reoperation. The
outcomes of arthroplasty in elderly patients with FNF would need to be determined and this is presented, to the extent
known, in subsequent sections.

A more recent systematic review and meta-analysis of cohort studies examined the contribution of posterior tilt in
nondisplaced FNFs to fixation failure.* Studies included in this review were comprised of patients who had been treated
with internal fixation and did not consider the outcomes of arthroplasty. Thirteen high-quality trials were included, which
resulted in a pooled cohort of 4818 patients. Of these patients, 698 had a posterior tilt of >20°, 3578 had a posterior tilt of
<20°, 483 had a posterior tilt of >10°, and 496 patients had a posterior tilt of <10°. Treatment failures were observed in
170/698 (24%) of patients with posterior tilt >20° and 392/3578 (11%) of patients with posterior tilt <20° (RR 2.73).
Four of the included studies also evaluated 10° of posterior tilt as a threshold of difference in the way the fractures
behave. Within these studies, a tilt >10° was not associated with an increased risk of failure of fixation compared to a tilt
<10°, indicating that a degree of tilt >10 is not a valid threshold to utilize as a risk factor for treatment failure.”® Thus,
Garden I and II FNFs with a significant preoperative posterior tilt (>20°) appear to behave like unstable fractures and
have a four times higher risk of failure.?* This behavior has suggested to some observers that this potential failure may be
indicative of the role that arthroplasty can play in surgical decision-making.

Song et al reported that, of 308 patients with nondisplaced FNF treated with internal fixation, 32 (10.3%) experienced
failed treatment. Complications included biomechanical failure (3.2%) and AVN (7.1%). The three factors noted to have
an association with failure were an initial valgus tilt >15° (p = 0.001), an initial posterior tilt >15° (p < 0.001), and the
distance of the sliding of the implanted screw (p < 0.001).%* It was suggested that a posterior tilt greater than 15° causes
fractures to become unstable by widening the fracture gap, potentially causing vascular disruption, which could
predispose subsequent treatment to fail.

With new understanding of the impact of posterior tilt on these potentially unstable fractures, Kamara et al proposed
a treatment algorithm specifically designed to address the issue of posterior tilt, adding to the previous algorithm
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proposed by Shah et al. These algorithms suggested dichotomously that if a Garden I or II fracture’s posterior tilt is found
to be >20° in a patient over 65 years of age without severe medical comorbidities, arthroplasty is the intervention of
choice.?® This is consistent with the findings of Palm, Song, and several of the studies included in the meta-analysis
conducted by Wang et al, based upon the observations that primary arthroplasty has been shown to minimize revision
surgery rates without significantly increasing mortality rates. However, the treatment algorithm contained an arbitrary age
threshold, an ambiguous use of “severe medical comorbidities” as an indicator for non-operative treatment, and a reliance
on Palm’s method of measuring posterior tilt which may benefit from amendment.

Mechanisms of Failure

Although substantial literature is available supporting the management of nondisplaced FNFs with internal fixation,
complication rates are still unacceptably high, reinforcing the case that arthroplasty may be the more suitable technique
to treat these fractures. While a considerable number of studies have described biomechanical failure of the bone-implant
construct, little is known about the contribution of bone to the mode of failure. Opportunities for bone failure could
include femoral neck comminution and osteoporosis while surgical contributions could include inappropriate hardware
placement.

Vascular and biomechanical factors might have critical influence upon the surgical decision-making process in the hip
fracture population. One of the best studies investigating the failure mechanisms of internal fixation reflects injury to the
ascending retinacular vessels along the femoral neck with consequent under-perfusion of the femoral head and segmental
ischemia leading to AVN. Tenuous blood supply to the femoral head and neck is believed to be the primary etiologic
factor for the vascular complications following surgery, ie AVN.?® The retinacular system of vessels branches off the
circumflex arteries, traverses along the femoral neck, and penetrates the femoral capsule. The superior and inferior
retinacular arteries are implicated as significant arterial suppliers of the femoral head, as demonstrated by several MRI
studies.”” Vascular trauma as a result of an FNF could result in the disruption of these retinacular vessels that perfuse the
area, creating regional ischemia and possibly creating a tamponade effect of hematoma within the intracapsular space.”®
In a nondisplaced FNF, the compression side is often comminuted; a vascular insult could be caused by either
compression or tension. Disruption of femoral head and subchondral bone perfusion is believed to result in the
subsequent development of AVN.?® Liu et al showed that the rate of AVN after a femoral neck fracture was directly
linked to the number of vessels crossing the fracture line, resulting in impaired perfusion and ischemia of bone cells,
which is followed by cell death.**' Necrosis of bone cells and the subsequent stages of repair, particularly the resorption
process, results in significant structural changes and loss of integrity at the fracture site.*> Therefore, quality reduction,
stable internal fixation, and preservation of the intact blood supply to the fracture site are critical if one is to avoid AVN
or subsequent reoperation.

Several different modalities have been used to better understand the specifics of fracture-induced ischemia. At the
macroscopic scale, Dyke et al used dynamic contrast MRI analysis to examine blood supply to the femoral head
following a displaced FNF. Quadrant specific analysis found statistically significant decreases in arterial perfusion and
venous outflow in the femoral heads of patients with displaced FNFs. These parallel processes together have a synergistic
effect in compromising the viability of osteocytes leading to structural compromise of the femoral head.*

Radionuclide scintigraphy has also been used to examine blood supply, and it has been noted that an area of decreased
tracer uptake indicating perfusion deficit (a so-called “cold deficit”) can be an early scintigraphic sign of AVN of the
femoral head.*® Han et al performed a study of internal fixation of Garden I and II that fractures examined radiotracer
uptake patterns of the femoral head on postoperative bone SPECT/CT and subsequent AVN. In patients with Garden
I and II fractures, 15/39 showed normal femoral head uptake and 24/39 showed cold defects on immediate postoperative
SPECT/CTs but did not go on to develop AVN.?* However, cold defects at 2—5 months follow-up were associated with
the development of AVN. Figure 6 shows a similar perioperative cold defect in a femoral head that does go on to develop
AVN in the superolateral quadrant. Normal uptake on SPECT/CT indicates intact vascularity, which is necessary for
healing of FNFs following fixation.*® It is important to recognize that patients with nondisplaced FNFs may experience
a greater vascular insult than what has previously been believed.
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Figure 6 A preoperative radiograph of a 72-year-old male with right Hip pain shows a right femoral neck fracture (Garden stage lll) (a). The immediate postoperative bone
SPECT (b) and SPECT/CT fusion (c) images at 3 days show a cold defect of the right femoral head. The follow-up bone SPECT (d) and SPECT/CT fusion (e) images at 3
months show partially normalized uptake with the remaining defect in the superior portion of the right femoral head. Postoperative radiograph (f) at 15 months shows
avascular necrosis of Ficat stage Ill with subchondral collapse of the right femoral head. Arrows represent ischemic region.

Notes: Reproduced with permission from Han S, Oh M, Yoon S et al. Risk Stratification for Avascular Necrosis of the Femoral Head After Internal Fixation of Femoral Neck
Fractures by Post-Operative Bone SPECT/CT. Nucl Med Mol Imaging. 2017;51(1):49-57. Springer Nature.*?

For example, another outcome of significance between the two methods of internal fixation in the FAITH study was the
frequency with which avascular necrosis (AVN) developed when using a sliding hip screw compared to cancellous screws.
Interestingly, this study affirms the efficacy and lower reoperation rate of cancellous screws for most patients, while suggesting
sliding hip screws may be more effective in those with displaced fractures, basicervical fractures, and fractures sustained by
active smokers. AVN developed in 50/557 (9%) of sliding hip screw patients compared to 28/551 (5%) of cancellous screw
patients (hazard ratio [HR] 1.91, 1.06-3.44; p=0.032). The primary outcome, reoperation rate, did not differ between the two
groups (HR 0.83, 95% CI 0.63-1.09; p=0.18). However, while reoperation rates were not significantly different, they remained
high for both types of internal fixation (21% overall) as compared to the reoperation rates observed in arthroplasty.'*

Although Garden I and II fractures are less likely to go on to AVN following fixation compared to Garden III and IV
fractures, the fact that any number of them do suggests that some degree of injury to the blood supply is occurring. The
close relationship of the retinacular vessels to the femoral neck makes them particularly susceptible to damage (Figure 7).
Several studies have shown that isolated vascular insult is almost always dependent upon the retinacular arteries, so it
may also be considered that the process of performing internal fixation of the femoral neck itself can further exacerbate
vascular insult and cause subsequent AVN if the retinacular vessels are compromised.®> >’

Although often mentioned briefly in many studies, there has been little investigation into the contribution of fracture
stability and comminution to the success of internal fixation. Some point to comminution and impaction as the stabilizing factor
in a nondisplaced FNF, while others suggest that subsequent reoperation may be dependent upon the quality and stability of the
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Figure 7 Anatomical dissection demonstrating the metaphyseal retinacular vessels as they traverse the femoral neck and supply the femoral head. Fracture of the femoral
neck can cause rupture or shearing of the vessels, subsequently leading to AVN and mechanical failure.

reduction. While discussion has been quite robust regarding the association of preoperative tilt with reoperation and mortality
rate, there have been fewer considerations concerning the role of successful or unsuccessful reduction of postoperative tilt seen
in nondisplaced FNFs. A retrospective study of 96 patients suggested that fracture reduction is crucial to the success of internal
fixation. On average, the preoperative posterior tilt was 28°, and the preoperative valgus tilt was 11° on CT. The postoperative
posterior tilt, however, was corrected to an average of 3° and the valgus displacement to 5°. Upon follow-up, the authors
explain that significant closure of the posterior gap on the lateral view radiographs and the CT scans was consistent with
unchanged, stable, long-term postoperative near-physiologic position. It was concluded that most of the complications found in
surgeries can be avoided by appropriate reduction of the posterior tilt (Figure 8).** Recent three-dimensional analysis of Garden
type I fractures support this sentiment. These fractures were observed to have deceivingly large measurements of displacement,
calling into question the decision for nonsurgical treatment of nondisplaced FNFs.*® This is contrary to the discussion in Palm
et al who suggested that only the degree of preoperative tilt is a strong indicator for reoperation. The potential impact of
posterior tilt on the success of internal fixation of nondisplaced FNFs should be cause for evaluation of postoperative reduction
as a predictor of subsequent failure. Future investigations with larger cohorts and updated procedures may elucidate the role
preoperative tilt and postoperative reduction play in subsequent development of complications and reoperation.

Summarizing these observations from previous studies, the consensus suggests that a posterior tilt greater than 20°
causes fractures to become unstable by widening the fracture gap, potentially causing vascular disruption, which could
predispose subsequent treatment to fail. Taken altogether, this degree of tilt about the femoral neck may be sufficiently
disruptive to the blood supply such that AVN may result after fixation. Thus, femoral neck fractures with posterior tilt can
be considered unstable even when they are classified as Garden I or II fractures on AP radiographs, stimulating
consideration that functionally unstable fractures may benefit from arthroplasty as a primary treatment.
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Figure 8 Pre- and post-reduction of femoral neck fracture angulation. (a) shows fracture reduction method performed on a fracture table by internal rotation and traction
with gentle application of anteroposterior pressure on the femoral neck if needed, (b) shows prereduction tilt on plain film, (c) shows postoperative correction of the tilt
achieved by the procedure described.

Notes: Reproduced with permission from Steinberg EL, Albagli A, Snir N et al. Addressing posterior tilt displacement during surgery to lower failure risk of sub-capital
Garden types | and 2 femoral fractures. Arch Orthop Trauma Surg. 2022;142(8):1885-1893.°

The Role of Arthroplasty: Observational Comparative Studies, and

Randomized Clinical Trials

Having considered the treatment failures of internal fixation for nondisplaced FNFs, the alternatives, namely one type or
another of arthroplasty, should be considered. The outcomes of primary arthroplasty need to be compared with outcomes
of both internal fixation and secondary arthroplasty after fixation failures should be evaluated.

Meta-Analyses

In 2003, a meta-analysis of RCTs comparing treatment options for displaced FNFs, namely internal fixation versus
arthroplasty, illuminated the potential risk reduction of revision surgery after failed fixation.** Although reporting results
of displaced (Garden III and IV) rather than nondisplaced fractures (Garden I and II), surgical techniques that are 20-25
years old, implants that are no longer in use, and obsolete anesthesia techniques, the observations are of interest because
they describe the consequences of the various types of surgical intervention that may be relevant to surgical decisions

Orthopedic Research and Reviews 2024:16 hetps: 11

Dove:


https://www.dovepress.com
https://www.dovepress.com

Olansen et al Dove

treating nondisplaced hip fractures. Trends in the treatment of displaced FNF suggested that arthroplasties maintained
high mortality rates at 4 months and 1 year postoperatively. Arthroplasty also reduced the risk of revision surgery by 77%
compared to internal fixation (Relative Risk (RR): 0.23, P = <0.001). Despite advancements in many techniques and
devices, the outcome measures of reoperation and mortality have not substantially improved.

Three recent meta-analyses gathered results from previous RCTs and comparative observational studies to evaluate
three primary outcome domains, including perioperative complications, reoperations, and postoperative function by
Harris Hip Score (HHS). Specifically, Ma et al reported revision surgery rates, mortality rates at 1 month and 1 year,
HHS at one- and two-years post-op, length of hospital stay, and duration of surgery for both internal fixation and
arthroplasty. They found that arthroplasty was associated with a lower revision surgery rate than internal fixation (Odds
Ratio: 4.5; 95% Confidence Interval [CI], 2.0-9.9). No significant difference was noted in postoperative mortality rates or
HHS at 1 year, but patients treated with internal fixation had shorter lengths of stay and surgical time.*' Although the
comparison of papers within the meta-analysis is of value, the study reflects only three papers with relatively small cohort
sizes, indicating the need for additional, powerful randomized control trials to determine the best course of action when
treating FNFs.

As the body of literature regarding nondisplaced FNFs is limited in scope, another meta-analysis conducted by
Richards et al analyzing patients older than 65 utilized the same studies seen in the analysis by Ma et al with the addition
of one additional observational study conducted by Kang. This meta-analysis confirmed that patients treated with
arthroplasty had a significantly lower risk of reoperation when compared with those treated with internal fixation [RR:
0.30 (95% CI, 0.16-0.55, P = 0.01)]. There was no significant difference detected in 1-year mortality risk between the
two treatment groups.13

Most recently, a meta-analysis was able to include an additional RCT conducted by Wei et al in 2020. This in-depth
meta-analysis evaluated outcome domains consistent with the categories we have presented, including perioperative
complications and reoperation. Like previous reports, the pooled studies showed that patients who underwent internal
fixation had a higher risk of reoperation [20.1% vs 6.0%, RR = 3.30 (1.79, 6.08), P = <0.001] and lower intraoperative
blood loss (mL) [mean difference (MD) = —138.88 (—209.58, —68.18), P = 0.001]. The authors also suggest that, although
complications with arthroplasty may be rarer, they may carry with them greater severity. This has implications for the
frail, elderly population in which these types of fractures are common as arthroplasty carries with it a higher physiologic
burden, especially if it subsequently requires reoperation. Further, there was no statistical significance between the two
modalities in terms of function measured by the HHS [MD = —2.73 (—6.26, 0.79), P = 0.13] or mortality [23.4% vs
20.6%, RR = 1.13 (0.75, 1.71), P = 0.48], at 12 months.*

These data collectively indicate that, despite a higher risk of reoperation, internal fixation may serve as an equivalent
intervention as compared to arthroplasty in terms of function and mortality. Arthroplasty continues to be tolerated
similarly to internal fixation by the elderly population and offers a function profile like that of internal fixation. Hip

fracture related mortality rates continue to be high despite advances in treatment.'*44>

Comparative Observational Studies

Several quality observational studies have been done comparing results of internal fixation with those of primary
arthroplasty for FNFs. There is consistency among the studies reviewed in terms of reoperation rate. In a retrospective
analysis comparing management of both displaced and nondisplaced FNFs treated with either internal fixation (n=70) or
arthroplasty (n=70), those treated with arthroplasty were associated with a lower risk of reoperation (P = 0.016), as
expected. Functionally, the HHS of the arthroplasty cohort was significantly higher at 3- (internal fixation (IF): 77.3,
hemiarthroplasty (HA): 79.2; P = 0.028), 6- (IF: 82.7, HA: 83.6; P = 0.034), and the 12-month follow-up (IF: 91.8, HA:
84.7; P = 0.045), respectively, at each follow-up evaluation); however, the differences were no longer significant at the
24-month evaluation (P = 0.087).*> In contrast, there are notable risks associated with undergoing arthroplasty. For
example, the mean blood loss associated with internal fixation was significantly lower (mean 1.6 blood units; 95% CI
1.48-1.72) compared to that of arthroplasty (mean 2.8 blood units; 95% CI 2.66-2.94) [P = 0.034]. There is also an

increased risk of infection and operative time with arthroplasty compared to internal fixation.****
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A retrospective study of the Norwegian hip fracture registry revealed that the outcomes of revision of displaced FNFs
with arthroplasty were even better than the revision of nondisplaced fractures with internal fixation.*> This registry
consists of a large data set in which nondisplaced, displaced FNFs, intertrochanteric, and basicervical fractures were
compared to identify the trends in surgical intervention. It was observed that nondisplaced fractures were increasingly
treated with arthroplasty, however the incidence only rose from 2.1% to 9.7% over a decade. With the support of the
methods introduced by those like Palm et al and Kamara et al, this increase likely reflects that the incidence of fractures
presenting with posterior tilt, previously unnoticed, were now being identified.*> Several studies still confirmed a more
satisfactory outcome in terms of reoperation rate as well as an insignificant difference in mortality when nondisplaced
FNFs were managed with arthroplasty. The forest plot (Figure 9) provides visual representation of reoperation rates
favoring arthroplasty, and mortality rates favoring internal fixation, although with a modest risk ratio. In the comparative
studies analyzed, reoperation rates are diminished using primary arthroplasty. However, observed mortality rates tend to
vary greatly and the difference in mortality rate between the two interventions has consistently lacked statistical
significance. The gravity of both mortality rate and reoperation rate gives cause to the need for further understanding
of the unclear discrepancy between internal fixation and arthroplasty.

The newest comparative study out of the UK analyzing patients between 2015 and 2020 supported many of the
findings that preceded it, eg observations of revision rates, mortality, perioperative complications, and functionality as
measured by weight-bearing ability.* Patients were observed in three different cohorts: cannulated hip fixation, dynamic
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Figure 9 Forest plot of the relative risk of reoperation and |-year mortality in the included studies.
Notes: Reproduced with permission from Richards JT, Overmann AL, O’Hara NN, D’Alleyrand |C, Slobogean GP. Internal Fixation Versus Arthroplasty for the Treatment of
Nondisplaced Femoral Neck Fractures in the Elderly: A Systematic Review and Meta-Analysis. | Orthop Trauma. 2020;34(|):42—48.I3
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hip screw, and hemiarthroplasty. The pooled revision rate for internal fixation was 58/581 (9.8%) with the most common
reasons for revision being failed fixation (n = 26) and AVN (n = 16). The revision rate for arthroplasty was 8/692 (1.2%)
with the reasons for revision being either dislocation (n = 4) or periprosthetic fracture (n = 4). Mortality rates were
comparable in both cohorts, as has been consistently observed. Weight-bearing ability was used to represent functional
status. When comparing patients who were full weight bearing or partial weight bearing, functional status was
a statistically significant indicator of revision within the cannulated hip screw group [X? test, P = 0.003] and the
arthroplasty group [X? test, P = 0.02].*® Several other studies also showed lack of statistical significance when comparing
internal fixation and arthroplasty in the domain of mortality (Table 2).*”>° Most of the comparative studies to date,
however, do not report a reliable method of measuring functional outcomes, if at all. Functional capabilities of patients
postoperatively can have profound impacts on their quality of life and, subsequently, morbidity and mortality. Therefore,
great care should be used when determining an appropriate plan for weight-bearing postoperatively, especially in the
elderly and those who are at risk for complications.

These large, national registries enable researchers to conduct quality comparative analyses with substantial power. It
is important, though, to bear in mind the relationship between clinical significance and large bodies of data, especially
when evaluating patient reported outcomes, as the sample size may obscure the clinical significance. Therefore, the
support for an outcome’s clinical application may not be as strong because the presence of P-value indicating statistical
significance does not automatically imply clinical significance. Large registries may provide insight into potential best
clinical practices, however, as many have analyzed neither functional outcomes nor comparisons of many pertinent
comorbidities, more comprehensive comparisons are still necessary.

Randomized Clinical Trials

Several groups have conducted RCTs to reduce selection bias and better understand the benefits and detriments of both
internal fixation and arthroplasty as intervention techniques for nondisplaced FNFs. The need for these studies is clear as
consensus has yet to be reached regarding which intervention is most appropriate in certain patient populations.
Improvements in surgical techniques of internal fixation and arthroplasty have decreased complication rates, but
mortality rates continue to be comparable when treating nondisplaced FNFs. In a multicenter RCT conducted by
Dolatowski et al, 219 patients >70 years of age with a nondisplaced FNF (Garden I or II) were randomly allocated to
internal fixation or hemiarthroplasty.** The baseline characteristics of patients who met the inclusion criteria but were not
included in the trial did not differ from those of the patients who were included in the trial. Patient functionality,
reoperation, and mortality were recorded. Functionality and quality of life were observed through many validated
measures, including the HHS, Timed Up-and-Go (TUG) test, Pain Intensity (PI-NRS), EuroQol-5 (EQ-5D), and the
Mini-Mental State Exam. There were no significant differences in hip pain, quality of life measures, and cognition
between the two treatment groups at any time point. Of note, patients allocated to receive hemiarthroplasty demonstrated
increased mobility by measure of the TUG compared to internal fixation, but no significant difference was found in

Table 2 Mortality Rates in Studies of Nondisplaced FNF Repair

Study Internal Fixation Hip Arthroplasty P value
Mortality Rate (12 mo) | Mortality Rate (12 mo)

Ahmed et al* 6.20% 6.50% 0.113
Chen et al”’ 35/89 (39.3%) 14/41 (34.1%) 0.571
Dolatowski et al** 25/111 (23%) 19/108 (18%) 0.365
Kang et al*’ 1181 (1.2%) 3/62 (4.8%) 0.15
Laubach et al*® 15/199 (7.5%)* 41/423 (9.7%)° 0.468
Lu et al®' NS NS -
Mukka et al*? 31% 27% -
Sikand et al® 17/110 (16%) 11/29 (38%) 0.007
Wei et al* 13/51 (25.49%) 14/52 (26.92%) 0413

Note: *Mortality rate reported 120 days after surgery.
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reestablishing hip function by the HHS (24-month adjusted between-group mean difference = —2 [95% CI =26 to 3]; P =
0.499). Internal fixation performed in 22/110 (20%) patients was found to be a risk factor for major reoperation in
comparison to hemiarthroplasty in which reoperation was performed in 5/108 (5%) patients (relative risk reduction
[RRR] = 3.3 [95% CI = 0.7 to 10.0]; P = 0.002).** This is consistent with the observation that internal fixation is
a significant indicator for increased surgical complications, such as nonunion and osteonecrosis, which occurred
significantly more often in patients allocated to internal fixation (RRR = 1.8 [95% CI = 0.4 to 4.8]; P = 0.004). As in
other studies, and importantly, there were no significant differences in mortality between the two groups. At 24 months,
the internal fixation cohort experienced a mortality of 36% while the arthroplasty cohort experienced a mortality of 26%
(RRR = 0.4 [95% CI = —0.1 to 1.1]; P = 0.110).** While these figures do not demonstrate statistical significance, some
clinicians might feel that a 10% difference in mortality is clinically significant and must be considered when deciding
upon the appropriate surgical intervention.

Similar findings by Lu et al have shown that, while the reoperation rate is significantly lower in the case of
arthroplasty, to be expected, the perioperative factors that potentially have prognostic implications are improved in the
case of internal fixation.”' Intraoperative outcomes measured included incision length (3.8 cm + 0.53 for fixation vs
12.3 cm + 2.57 for arthroplasty), operation time in minutes (43.80 + 6.47 for fixation vs 64.03 + 8.76 for arthroplasty),
and blood loss (28.66 mL + 6.41 for fixation vs 175.08 mL + 25.60 for arthroplasty), all of which demonstrated
significant differences between the two interventions. These differences in surgery-related indicators may be important to
consider if they affect operative outcomes. The average HHS for both cohorts was above 75 (on a scale of 100) when
reported during follow-up visits ranging from 6 months to 5 years. Upon statistical analysis, measurement of post-
operative functionality using the HHS did not reveal significant differences between the two treatment options. The 12-
month HHS was 77.25 £ 9.4 (n=28) in the internal fixation cohort and 81.07 = 12.3 (n=30) in the hemiarthroplasty
cohort. However, the excellent and good rating in the hemiarthroplasty group was significantly higher than that in the
internal fixation group (P < 0.05), indicating that there may be early benefits to complete replacement of the joint in
elderly patients.”!

These comparisons indicated that there is no significant difference in functionality, quantified using HHS, at the 12-
month mark when comparing internal fixation and arthroplasty (Table 3).***'">* Altogether, the four studies comparing
patient hip functionality after internal fixation or arthroplasty reported that arthroplasty was not found to be superior to
internal fixation when assessing function (HHS) as the primary outcome. However, the rate of reoperation and patient
mobility did demonstrate statistical significance, in addition to the earlier achievement of function and pain control by
arthroplasty. These data indicate that further trials are needed to assess the difference in patient outcomes between
internal fixation and arthroplasty, especially in the cases of the elderly and those with comorbidities as outcomes may be
different in these populations and they may benefit from one treatment over another.

A recent 2020 RCT included three cohorts for comparison: nonoperative treatment, internal fixation, and hemiar-
throplasty. The primary outcome of the study was hip function, with secondary aims of quality of life, mortality, hip pain,
complications, and reoperation rates. Randomizing patients >75 years old in equal ratios (nonoperative treatment n = 51,

IF n = 51, HA n = 52), showed similar findings to those of the preceding Dolatowski et al and Lu et al studies. Hip

Table 3 Functional Scores Measured Postoperatively in Studies of Nondisplaced FNF Repair

Study

Internal Fixation

Hip Arthroplasty

Functional Score (HHS)

Functional Score (HHS)

P value

Post-op (12 mo)

Post-op (12 mo)

Post-op (12 mo)

Dolatowski et al** 71+ 19 74+ 19 0.159
Lu et al®' 7725 + 9.4 81.07 + 123 0.191
Wei et al*? 71.78 + 18.57 7224 + 19.33 0.371
Mukka et al® 67 70 NS

Abbreviations: FNF, femoral neck fracture; HHS, Harris Hip Score; AVN, avascular necrosis; RCT, randomized clinical
trial; BMD, bone mineral density; TUG, Timed-Up-and-Go; IF, internal fixation; HA, hemiarthroplasty.
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function, as measured by HHS, was significantly higher in the arthroplasty group as compared to the internal fixation
during the early postoperative months (P < 0.05) but lost its significance at the 12-month follow-up (P = 0.371). Quality
of life, hip pain, and mortality all lacked statistical significance beyond the 12-month follow-up as well. Nonoperative
treatment compared to internal fixation did not show any significant difference in outcomes which maintains its value as
an intervention for younger patients with valgus impacted fractures. Compared to arthroplasty, however, nonoperative
treatment demonstrated lower HHS and Quality of Life in the early recovery period. In contrast to previous studies, the
arthroplasty group had a shorter duration of stay in the hospital postoperatively (P < 0.05). In addition, no significant
difference was found in reoperation rate among the three groups. Of note, however, the fractures reported in this study
were all impacted which, the authors suggested, may create a more stable fracture and more favorable conditions for
union.> This was sternly contradicted in a more recent retrospective study that showed a staggering 62% rate of
secondary surgery after nonoperative management in a population with a mean age of 81.>* This is in agreement with the
findings of several other aforementioned studies suggesting surgical intervention for elderly patients. Among all the
RCTs mentioned, none were conducted as blind studies, always difficult in surgery. Comorbidities and causes of death
were also not evaluated in these studies; thus, mortality could not be linked to surgery, comorbidities, or other
confounders (see Table 2 and Table 3).

Conclusions: Extant Issues Influencing Surgical Thinking

Currently, the consensus appears to distinguish treatment options between nondisplaced and displaced FNFs. However,
due to many additional factors such as patient fragility, osteoporosis, and nutritional and hydration status, the decision to
repair a nondisplaced FNF via internal fixation or arthroplasty requires individual patient assessment. Nonoperative care
is a viable option in younger patients with Garden 1 or 2 valgus-impacted fractures with no posterior tilt after physical
exam shows no pain on hip ROM. The decisional paradigm, excluding those who are younger and determined to be
candidates for nonoperative care, has appeared to shift in favor of arthroplasty primarily to avoid perioperative
complications and subsequent reoperation in the elderly population. Internal fixation provides the benefits of simplicity,
reduced cost, and a lower physiological burden. Arthroplasty improves reoperation rates and early functional capabilities.
However, mortality does not appear to differ between the two. Further understanding of whether arthroplasty serves as
a better primary intervention for elderly patients may clarify the decision-making process when considering these factors.
Here, we summarize the factors that may be changing the paradigm and the extant issues that influence surgical decision-
making as the paradigm shifts towards arthroplasty.

With increased tilt about the femoral neck, whether it be posteriorly or anteriorly, there is believed to be decreased
stability and increased injury to the surrounding vasculature. Demonstrated in several examples to have a threshold of
>20°, the degree of posterior tilt may serve as a proxy for determining which method of intervention is most appropriate,
although this has been contested. Many retrospective studies observed a relationship between preoperative posterior tilt
and subsequent reoperation rates; however, one substantial study did not make the same observations. As mentioned in
Palm’s invited commentary, the ability of patients to ambulate early based upon their perceived pain, institutional
variation of when to reoperate, and inconsistency of standardized imaging procedures may be causes for the conflicting
findings.>

The Garden classification of FNFs is descriptive of the fracture configuration with no inclusion of patient qualities or
comorbidities that can influence surgical treatment, including age, gender, intercurrent illnesses, polypharmacy, mental
status, and bone quality/density. Due to the significant bone loss that occurs with aging, complications of surgery in such
a fragile population are to be expected. If there is construct failure or AVN following internal fixation of FNFs, hip
arthroplasty is the salvage procedure of choice. The necessity of salvage is a significant complication in older patients.
Lagergren et al used the results from a Swedish Register Cohort to examine conversion to arthroplasty after internal
fixation of nondisplaced femoral neck fractures. They found that 1 in 10 patients had a conversion to arthroplasty within
5 years, over 50% of which occurred within the first year. Conversions were highest in women and in patients between 70
and 79 years old.”® The conversion rate in the literature ranges from 8% to 16%.” This is significant as these patients
experience inferior outcomes compared to patients with primary arthroplasty in addition to a prolonged period of pain
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and impaired mobilization.’® Therefore, it is suggested that arthroplasty be selected as the primary treatment in certain
instances to allow faster mobilization and potentially decreased morbidity and mortality.”’

We have discussed the major outcome domains of previous studies that we believe contribute to the difficulty finding
consensus regarding appropriate FNF treatment, including mortality, perioperative complications, functionality, and
reoperation. Mortality rates of hip fractures have remained stubbornly high over the years, with 12-month mortality
hovering near 20%, irrespective of the form of intervention.’® Several contemporary studies have continued to observe
this trend. In Table 2, aside from one study which was conducted two decades ago, none demonstrate statistical
significance in the domain of postoperative mortality when comparing internal fixation to arthroplasty. The prevention
of reoperation could decrease this mortality rate. While it may be intuitive that arthroplasty would effectively prevent
reoperation, excluding extenuating circumstances, it is important to note that internal fixation and arthroplasty maintain
distinct perioperative complications that complicate their comparison. Thus, the observations of mortality presented
above highlight that surgical decision-making is multi-component, emphasizing the need for a better-defined standard of
care for nondisplaced FNFs.

Nondisplaced Garden type I and II femoral neck fractures are surprisingly difficult to treat in patients with a poor
biologic milieu resulting in significant reoperation rates. Most frequently, postoperative complications consist of non-
union, AVN, and infection. One of the major reasons for complication is the disruption of the tenuous blood supply about
the femoral neck. Displacement or tilt of the fracture damages the surrounding retinacular vessels that perfuse the
proximal femur. Studies have demonstrated significant microscopic and structural changes that occur because of lack of
perfusion, leading to AVN and structural femoral head failure. Although by choosing arthroplasty over internal fixation
the surgeon effectively eliminates the risks of non-union, malunion, and AVN of the femoral head, a new set of
perioperative complications may be introduced including infection, longer surgery times, and significantly increased
blood loss. The equivalence of mortality rates between internal fixation and arthroplasty remains troubling and raises
questions of fracture-related mortality versus all-cause mortality.

Functional outcomes are beneficial to the recovery process as they have been shown to be correlated with an
improved quality of life, often as measured by the EQ-5D. Across the major studies reviewed here, postoperative
functional ability consistently lacked significance when comparing the internal fixation and arthroplasty after approxi-
mately two years of recovery. A proposed RCT out of Denmark may provide more insight into this as one of its primary
outcomes will be hip function as represented by the New Mobility Score, defined by Parker in 1993 and shown to have
good correlation to gait function by Kristensen.>”*° This evaluative tool, in conjunction with the HHS and the TUG test,
could be incorporated into future comparative studies more readily to evaluate patient outcomes postoperatively, though
our observations suggest that functional status may not be a decisive factor when determining which intervention to
implement.®'

In determining which surgical intervention to pursue for the treatment of nondisplaced Garden types I & 1I fractures,
a multivariate algorithm may prove useful in the mitigation of reoperation. Some studies have reported that the
reoperation rates of internal fixation range from 8% to 23%,'”*":*? and that occurrence of major complications may
reach 34.6%.% Strides have been made in the literature to guide clinical decision-making, including the Garden and
Pauwels classifications as well as the method for measuring posterior tilt introduced by Palm. However, a powerful
algorithm that results in decreased reoperation, predictably good postoperative function, and acceptable mortality rate
remains undefined and the reason for this lack of definition is multifactorial. The failure to develop a treatment consensus
may be related to the inconsistent recommendations in many contemporary studies comparing internal fixation to
arthroplasty in the context of nondisplaced FNFs. Such a large reoperation rate of internal fixation, as it carries with it
an additional surgical burden and its associated morbidity, is cause for reevaluation.

Given the observations presented, further evaluation of bone biology, associated comorbidities (the health status of
fragile individuals), and posterior tilt in the fracture setting may be of value when determining which surgical
intervention to pursue. Therefore, we recommend additional studies, namely RCTs with substantial power, to further
interrogate the impacts of comorbid conditions that may affect outcomes as well as the cost-benefit analysis of
performing arthroplasty rather than internal fixation on elderly patients who have suffered a nondisplaced hip fracture,
especially if the fracture does not exceed the threshold of 20° posterior tilt in the lateral plane. It is our hope that what
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would emerge from these studies is a well-defined, comprehensive algorithm to be used in the surgical decision-making
process, like the one designed and implemented at the Hvidovre Hospital in Denmark by Palm et al.'? In clinical reality
with patient heterogeneity, it may not be feasible to simply rely on a flowchart or algorithm to decide which intervention
would be most appropriate based on group characteristics. For example, we must still consider that the young hip fracture
patient with valgus impaction, no posterior tilt, and no pain on physical exam ROM could be a potential candidate for
nonoperative care rather than THA. Instead, an informed, patient-centered approach supported by said framework should
be used. Successful management of a nondisplaced FNF requires that the surgeon balance the potential risks and
healthcare costs with the benefits associated with intervention. While the treatment of femoral neck fractures is typically
considered a simple and easily manageable task, this paper highlights the need to critically examine nondisplaced FNF
treatment considering the ambiguity in the literature.
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