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Abstract: Nonunion (NU) is one of the most feared complications of femoral shaft fracture treatment.
Femoral shaft fracture treatment is often linked with poor bone stock and reduced bone metabolism.
In this paper, the goal is to carefully analyze the best treatment options for patients who developed
nonunion after the intramedullary nailing of a femoral shaft fracture. A systematic review of the
literature available in the PubMed, EMBASE and Cochran library databases was carried out, and
16 studies were included. Exclusion criteria included case reports and case series that do not have
data about clinical outcomes or functional outcomes and included fewer than 10 patients. The
reviewed data provide evidence for very good results about the treatment of this pathology with
exchanging intramedullary nails or the implantation of a plate and screws (general healing rate of
96.3%). Moreover, the data support the utilization of autologous bone graft in order to stimulate the
healing process. In conclusion, the choice between these two types of treatment must be guided by
the type of pseudarthrosis that the patient presents. Additionally, bone grafting or growth factors
promote bone regenerative processes, especially in patients with oligo-atrophic pseudoarthrosis.

Keywords: pseudarthrosis; nonunion; femoral shaft fractures; bone graft; intramedullary nailing

1. Introduction

Pseudarthrosis in femoral fractures is one of the most difficult-to-treat complications,
occurring in less than 1% of operated patients [1]. Nonunion (NU) is a condition char-
acterized by incomplete healing within 9 months of injury or no signs of bone callus
formation on subsequent radiographs within 3 months; nonunion can be classified as
hypertro- phic NUs.

Nonunions can also be divided into septic and aseptic NUs (furthermore they can
still be subdivided according to the presence or absence of infection) [2,3]. An increased
incidence of pseudarthrosis in femoral shaft fractures has recently been observed due to the
increased survival of patients with multiple severe injuries and the widening of indications
for intramedullary nailing. The causes most frequently associated with the failure of
fracture synthesis and the onset of NUs are both mechanical factors (e.g., insufficient
stability of the synthesis) and biological factors (such as severity of soft tissue damage, open
fractures, extensive comminution smoking, and diabetes) [4]. Nonunion of the diaphyseal
femur can be very difficult to treat and can often have a significant impact on the daily
activity and quality of life of patients. The treatment of diaphyseal fractures of the femur is
increasingly performed through the implantation of an intramedullary nail. This surgical
procedure results in the natural consequence that nonunions after the implantation of
the intramedullary nail are more and more frequent. A number of techniques have been
proposed for the treatment of femoral shaft nonunion, including electromagnetic fields [5],
low-intensity ultrasound [6], shock wave therapy (ESWT) [7], external fixation [8], and
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internal fixation with plate and screws or with intramedullary nails [9]. The treatment of
nonunion with a compression plate and screws, with or without bone grafting, is described
in the literature as a valid treatment option, improving the biomechanical conditions at
the fracture site without causing significant biological damage that could compromise
fracture healing.

Furthermore, after careful analysis, different reports have showed good results after
the treatment of femoral nonunions with single- or double-plate osteosynthesis combined
with autologous bone grafting [10].

The purpose of this systematic review of the literature is to evaluate the best sur-
gical therapeutic strategies for patients with femoral pseudoarthrosis developing after
intramedullary nail fixation surgery; identify the healing rate after surgery; and explore the
recovery of functionality of the operated limb during the follow-up period.

2. Materials and Methods

This systematic review adheres to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines, which provide a systematic checklist for
helping reviewers to transparently report the reasons leading to the conducted analysis, its
contents and the final findings [11].

The systematic review was registered and allocated in the PROSPERO database
(CRD42023424100), National Institute for Health Research, University of York, Center
for Reviews and Dissemination.

2.1. Inclusion Criteria

During the analysis in the scope of the systematic review, the literature was selected
while respecting the criteria outlined below:

Randomized controlled trials (RCTs), non-randomized trials, prospective study, ret-
rospective study, comparative cohort studies, case-control studies, and case series were
included. Case reports and case series that did not have data about clinical outcomes or
functional outcomes and included fewer than 10 patients were excluded. We also excluded
all the studies involving animals or analyzing nonunions involving different bone segments.
Studies performed in skeletally mature patients who had undergone surgery for aseptic
nonunion of the femoral shaft after intramedullary nail fixation following a femur fracture
were considered eligible in the analysis. Studies with a minimum mean follow-up of one
year were selected.

This systematic review focuses on nonunions arising at the level of the femoral shaft.
This district was considered as the portion of the femur between 5 cm distal to the lesser
trochanter and 5 cm proximal to the adductor tubercle.

Outcome measures extracted from the studies were radiological changes, complica-
tions, treatment failures, and union rate of the nonunion focus.

Articles dealing with cases of pseudarthrosis in periprosthetic fractures and articles
dealing with pseudarthrosis in different sites were excluded.

2.2. Database Research

We carried out a systematic search of the significant literature using PubMed, EMBASE
and Cochrane Library databases. With the aim of obtaining the data relating to the most
recent and updated treatments, we decided to select articles published between 2013
and 2022.

The research was carried out in December 2022.
Our PICO approach (patients/population, intervention, comparator, and outcomes)

was defined according to the following question: For patients with nonunions developed af-
ter the treatment of femoral shaft fractures with intramedullary nailing (patients/population),
which treatment, including intramedullary nail replacement, plate and screw fixation, addi-
tion of autologous bone graft, and nail dynamization (operation/comparator) is associated
with superior outcomes (results)?
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The following search string on the various databases was implemented:
((femur AND fracture*) OR (femoral AND fracture*)) AND (midshaft OR shaft OR

diaphyseal) AND (ununited OR union delay OR Fracture Healing OR pseudarthrosis OR
delayed union* OR delayed union OR nonunion* OR nonunion* OR nonunion*) AND
(management OR treatment).

Two independent reviewers (LBP and FS) assisted in the conduct and validation of the
research. Only English written articles were accepted.

2.3. Study Selection

Articles that emerged from the research were independently screened by two inde-
pendent reviewers (LBP and FS). At first, we analyzed the title and, if it was interesting, a
more detailed analysis of the abstract was performed. After excluding studies that did not
meet the eligibility criteria, we read the whole content of the remaining articles in order
to evaluate their eligibility. Disagreement was resolved by group discussion, with senior
author arbitration. Studies were not anonymized as to authorship, affiliation, and source.
In addition, no attempt was made to contact the authors for individual patient data.

At the end of the process, additional studies that may have been missed were searched
for manually by reviewing the reference lists of included studies and related system-
atic reviews.

2.4. Data Collection

Data concerning the patients (age, sex, septic nonunion, follow-up evaluation), type
of surgical technique (type of fixation of the first operation, type of fixation of the second
operation, use of bone grafts) were extracted for each study.

The data were extracted from the selected articles using a computerized tool created
with Microsoft Access (Version 2010, Microsoft Corp., Redmond, WA, USA).

Due to the heterogeneity of the clinical studies and the population sample analyzed in
the various studies, some data were missing or are non-extrapolatable; therefore, they have
been considered as missing data in the presentation of our results.

2.5. Quality Evaluation

The selected articles were evaluated using the Methodological Index for Nonrandom-
ized Studies (MINORS) score [12]. The checklist includes 12 items, of which the last 4 are
specific to comparative studies. Each item was given a score of 0–2 points. After analysis, it
was decided to set the optimal score at 16 points for non-comparative studies and 24 for
comparative studies.

Figure 1 shows the illustrating flowchart of the selection process of the articles.
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3. Results

This paragraph is intended to describe the summary statistics underlying the sys-
tematic approach followed in this paper. In particular, the informatics research identified
1728 studies. After that, 366 duplicates were deleted, and 1362 studies remained. An
additional 1162 studies were discharged after title examination and an additional 137 arti-
cles were discarded after reviewing the abstracts, bringing the number to 63 articles. An
additional 47 articles were excluded according to inclusion and exclusion criteria. A manual
search for articles of was performed, but no additional studies were found.

This resulted in 16 studies for final analysis Figure 1.

3.1. Demographics

Of the 16 studies selected, 14 were retrospective [13–26] and 2 were prospective [27,28].
Overall, data from 632 patients were analyzed in our systematic review (summarized data
are reported on Table 1).

The average age of the analyzed sample was 37.8 ± 4.4 years; only one study did not
report the average age [20].

In all selected articles, patients had a femoral shaft fracture, and all patients underwent
internal fixation surgery with intramedullary nail implantation. In particular, a retrograde
intramedullary nail was used in 11 cases, while an antegrade intramedullary nail was used
in 621 cases.

The most widely used anterograde nail to treat femoral fractures in patients in the
selected studies was the Gamma® 3 model, Stryker, Kalamazoo, MI, USA.

In the analyzed studies, a lateral approach to the femur was used for all patients in
whom a plate with screws was implanted.

The average time from the fracture event to the nonunion treatment surgery was
20.25 ± 12.48 months.

3.2. Surgical Information about NU Treatment

In 162 patients, nonunion was treated with the removal of the intramedullary nail associated
with reaming the medullary canal and the reimplantation of a nail of a larger size [20,22,26,27].
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Pseudoarthrosis was treated in 18 patients with intramedullary nail revision associated
with Poller screw implantation [17]. In 61 patients, nonunion was treated with a revision of
the intramedullary nail associated with autologous bone grafting [13,25]. Pseudoarthrosis
was treated in 24 patients, with the maintenance of the intramedullary nail associated
with plate and screw implantation [20,22], while in 231 patients, the maintenance of the
intramedullary nail was associated with plate and screw implantation and autologous bone
grafting (in 210 patients) [14–16,21,24,26,28] or xenogenic bone grafting (in 21 patients) [18].
In 115 patients, nonunion was treated with an intramedullary nail revision associated with
plate and screw implantation and autologous bone grafting [19,22,23]. In total, therefore,
356 patients underwent a revision of the intramedullary nail, while 255 patients did not
undergo a revision of the implanted material. Autologous bone graft was utilized in a total
of 407 patients (86.6%). In all the articles included in this study, the autologous bone was
harvested from the iliac crest ipsilateral to the limb affected by the pseudoarthrosis.

In the studies included in our review, no platelet derivatives, BMPs, or other biological
factors favoring the healing of the nonunion were used.

An article reports the data of patients treated with a xenogenic bone splint [18].

3.3. Outcomes

A total of 558 of 611 patients (96.3%) achieved bone consolidation, in a mean time of
8.26 ± 6.12. A complete (100%) bone healing was reported in 10 studies [13,16–20,23–25,28];
in three studies, bone healing rate was reported between 95% and 100% [15,22,27]; and in
three studies, bone healing rate was less than 95% [14,21,26].

The average time in which healing of the nonunion focus occurred was 8.59 ± 6.06 months.
In one study [27], 61% of patients had a median healing time of 2–5 months, 21% of patients
5–8 months, and 18% of patients >8 months. In one study, the mean time to healing was
not reported [20].

The healing of the fracture was considered by the authors of the articles and analyzed
according to clinical signs (absence of pain) and radiographic signs (formation of bone
callus). The mean follow-up time was 18.8 ± 7.1 months, while no data regarding the
mean follow-up time were reported in three studies [19,21,28]. The analyzed studies report
a total of 24 complications, representing approximately 3.8%. In a study of patients treated
with intramedullary nail revision with reaming of the intramedullary canal, delayed union
was reported as a complication in 14 patients, requiring additional treatment such as nail
dynamization, shock wave therapy, and cancellous bone grafting [27]. Other complications
were surgical site infection in one patient, surgical wound dehiscence in three patients, pain
at the proximal intramedullary nail insertion point in two patients, and implant failure was
reported in three patients.

Table 1. Summarizes analyzed data.

Studies Included in the Review and Main Features.

Author and
Year

Type of
Study Cases Age

(Mean)
Age

(Range) T1-T2 (Months) Treatment Union
Rate (%)

Time of Union
(Months)

Follow-up
(Months)

Wu et al.,
2022 [13] Re 48 38 19-67 50 EX NAIL + ABG 100 3.4 32

Hierholzer
et al., 2014 [27] Pr 72 46 18–69

11 in 46% of cases
>12 in 34% of cases
<6 in 20% of cases

EX NAIL 98
2–5 in 61% of cases
5–8 in 21% of cases
>8 in 18% of cases

14

Saliba Uliana
et al., 2019 [14] Re 22 32 NS 11.07 AUG PLATE + ABG 86 11.7 23.5

Park et al.,
2013 [15] Re 39 41.9 17–68 19.03 AUG PLATE + ABG 97 6.1 24.8

Lu et al.,
2022 [16] Re 22 40.8 19–61 NS AUG PLATE + ABG 100 5.7 18.8

Kim et al.,
2017 [17] Re 18 46.8 15–78 7.08 EX NAIL + Poller

screw 100 7.5 17.1
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Table 1. Cont.

Studies Included in the Review and Main Features.

Author and
Year

Type of
Study Cases Age

(Mean)
Age

(Range) T1-T2 (Months) Treatment Union
Rate (%)

Time of Union
(Months)

Follow-up
(Months)

Dai et al.,
2015 [18] Re 21 34.8 18–62 NS AUG PLATE + XBG 100 6.2 13.2

Wang et al.,
2014 [19] Re 21 40 21– 61 NS EX NAIL + AUG

PLATE + ABG 100 6 NS

Ru et al.,
2013 [20] Re 28 NS NS 28 11 cases EX NAIL

17 cases AUG PLATE 100 NS 18.6

Gao et al.,
2013 [21] Re 47 37 18–74 47 AUG PLATE + ABG 92 6 NS

El Zahlawy
et al., 2019 [28] Re 34 36.6 17–56 34 AUG PLATE + ABG 100 6.3 NS

Jhunjhunwala
et al., 2015 [22] Re 40 35 18–65 6

9 cases EX NAIL
7 cases AUG PLATE
24 cases EX NAIL +
AUG PLATE + ABG

97.5 4 12

Sancheti et al.,
2017 [23] Re 70 40.7 18–81 18.07 EX NAIL + AUG

PLATE + ABG 100 16.7 31.37

Mohamed
et al., 2022 [24] Re 20 32.4 18–55 12 AUG PLATE + ABG 100 4.9 13

Alam et al.,
2019 [25] Re 13 39.08 13 EX NAIL + ABG 100 26.9 12

Lai et al.,
2019 [26] Re 96

31.77 AUG
PLATE +

ABG
35.79 EX

NAIL

NS NS
26 cases AUG
PLATE + ABG

70 cases EX NAIL
70.8

7.57 AUG PLATE
+ ABG

10.02 EX NAIL

11.89 AUG
PLATE +

ABG
13.7 EX
NAIL

Main features of the studies included in the review. ABG: autologous bone graft, EX NAIL: exchange nail,
NS: not specified, PLATE: augmentative plate, Pr: prospective, Re: retrospective, T1-T2: time passed between first
treatment and the diagnosis of nonunion, XBG: xenobiotic bone graft.

4. Discussion

The purpose of this systematic review was to identify the possible treatments and
their success rates in nonunions of femoral shaft fractures initially treated with an in-
tramedullary nail.

The annual incidence of femoral shaft fractures is approximately 10 per 100,000 peo-
ple [29], and the gold standard of their treatment to date is intramedullary nail fixation [30].
The incidence of PSA in these patients is between 1.9 and 5% [1], and the treatments that
can be offered to these patients range from exchange nailing, to dynamization of the nail,
to synthesis with plate and screws, to external. All these methods may or may not be
associated with autologous or bank bone grafting or growth factors to promote the healing
of the nonunion focus [31].

Of fundamental importance is the evaluation of the type of pseudarthrosis: in the
case of hypertrophic pseudarthrosis, the pathogenesis is to be found in the poor stability
of the fracture site; therefore, treatments that confer greater stability to the fracture will
be preferred (e.g., plate and screws or replacement of the nail with a larger one), while
if an oligotrophic or atrophic pseudoarthrosis is found, the pathogenesis will be linked
to a probable reduction in the biological stimuli for the healing, and therefore it will be
appropriate to intervene with procedures that promote the reactivation of the normal repar-
ative processes (e.g., revision of the intramedullary nail with reaming of the intramedullary
canal; plate and screws associated with bone graft implantation) [32].

From the selected studies, it can be seen that the most-used type of intervention for
the treatment of the pseudarthrosis of diaphyseal fractures of the femur initially treated
with an intramedullary nail is the implantation of plate and screws. This intervention
is particularly advantageous as it allows us to increase the stability at the level of the
fracture site, but at the same time, through the implantation of autologous tissue taken from
the patient, to provide an adequate biological stimulus for the fracture healing processes
to take place. After analyzing the data that emerged from our review, we found that
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excellent results are also obtained with the exchanging nail method, i.e., the removal of the
previously implanted nail, the reaming of the medullary canal, and the reimplantation of
an intramedullary nail with a larger diameter.

From the selected studies, it can be seen that, generally, the nonunions of the femur
are not operated on quickly (average of 20.5 months between the fracture and the operation
for the nonunion).

The data analyzed show how the treatments for pseudoarthrosis are effective, with
the percentage of patients healed being 96.3% and the percentage of complications being
around 3.8%.

4.1. Nail Revision

One of the treatment options for nonunions that develop in patients with femoral shaft
fractures initially treated with intramedullary nailing is nail removal, and, after reaming
the medullary canal, the implantation of a larger diameter intramedullary nail. The effects
of nail revision are both biological and mechanical [33].

The biological effects consist in the fact that reaming the medullary canal increases
periosteal blood flow while decreasing endosteal vascularization. The increase in pe-
riosteal blood flow promotes a callus formation reaction. In addition, the reaming of the
intramedullary channel promotes the formation of material containing osteoblasts, stem
cells, and growth factors, which play fundamental roles in bone healing. The mechanical
effects would be attributed to the fact that the larger diameter of the nail (preferably 2 mm
thicker) provides a greater stiffness to the fixture and strength than the original nail. Greater
stability can also be achieved by using a longer nail [34]. In hypertrophic nonunions treated
with nail replacement, the increased stability will be sufficient for healing. For atrophic
nonunions, reamed debris is thought to enhance bone healing. In the analyzed literature,
the studies that treated patients with intramedullary nail replacement reported a low rate
of complications and cure levels—for example, 98% in the article by C Hierholzer [27], 100%
in the article by I. Ru [20], and 97.5% in the article by H. R. Jhunjhunwala. The failure of the
nail revision has been observed in cases of pseudarthrosis with large comminution, large
segmental defects, and meta-diaphyseal pseudarthrosis [17,20]. In the literature, the rates
of persistent nonunion after this procedure are between 11.1% and 46% [35,36]. Another
treatment that is proposed in the articles examined for this review is the maintenance of the
intramedullary nail associated with the implantation of plates and screws. The rationale of
this treatment lies in the ability of the nail to distribute the compression forces at the level
of the nonunion focus, and the plate and the screws have the task of further stabilizing the
focus and protecting it from transversal and rotational forces.

4.2. Dynamization of the Nail

The dynamization of the intramedullary nail represents a valid treatment option for
the nonunion of femoral shaft fractures. The dynamization of the intramedullary nail
causes an increase in compression at the fracture site by increasing the contact area of the
abutments, improves osteogenic processes, and promotes an increase in the transmission
of compressive forces at the level of the fracture site, which is essential for the stimulation
of osteogenic processes [37]. Nail dynamization surgery is characterized by having low
invasiveness, low morbidity, and low cost, making it a viable option compared to bone
grafting, exchange nailing, and compression plating. Dynamization, however, is not rou-
tinely needed for fracture healing and is associated with a risk of shortening, particularly in
oblique or high comminution fractures, and a loss of fracture reduction. The examined lit-
erature highlights a rate of nonunion healing after nail dynamization that is approximately
66.4% (24% to 99%) [38].

4.3. Plates and Screws

The plate and screw fixation system is a fundamental component in the treatment
of femoral shaft pseudoarthrosis; it can be used both as a neosynthesis after the removal
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of the intramedullary nail (plate fixation) and as an additional means of fixation, leaving
the intramedullary nail in place or replacing it after reaming the medullary canal (aug-
mentative plate fixation). This procedure may or may not be associated with the use of
bone grafts or local growth factors. The augmentation plate fixation technique improves
the biomechanical conditions in the fracture site by removing the rotational instability
that can occur following fixation with an intramedullary nail [39]. The results obtained
from the studies we analyzed, in which plate and screw implantation was associated with
the maintenance or replacement of the intramedullary nail, showed a high rate of bone
consolidation (over 96.8%) and an average healing time of 7.3 months. This healing time is
short in consideration of the fact that nonunion is a complication that takes many months
to achieve complete bone consolidation.

This approach utilizes the load sharing capability of the nail with axial and flexural
strength, while the plate resists lateral and rotational forces; moreover, the surgical approach
provides a good exposure of the pseudoarthritic focus, with the possibility of performing
the cruentation of the fracture stumps with the removal of the fibrous or non-vital tissue
and of performing sequestrectomies [21]. However, it is also essential to underline how
the intervention of plate and screw implantation very often requires the execution of
large skin incisions, extensive muscle dissections, and the detachment of large portions of
the periosteum. Deperiosteal surgery is a maneuver that can cause vascular damage to
the underlying bone, resulting in inadequate biological stimulation for fracture healing.
Therefore, the implantation of the plate and screws must spare the tissues around the
fracture as much as possible in order to guarantee an adequate vital environment that
promotes the formation of bone callus. Another important advantage of plate and screw
implantation is the possibility of performing bone grafts [39,40]; in fact, in 86.6% of cases,
the authors of the articles selected in our systematic review report the use of autologous
bone harvested from the iliac crest. Prior to the availability of angular stable plates (which
can rely on unicortical fixation), this technique was quite challenging due to the need
to use bicortical screws. However, angular stable plates have substantially facilitated
augmentation plate fixation from a surgical technique point of view [41]. This technique
has some disadvantages, in particular the fact that it is a very invasive surgical technique
involving a large incision and an extensive approach, with significant compromise of the
soft and vascular tissues.

In a meta-analysis by Hua Luo [42], in which the results between the change of the
nail and the implantation of the plate and screws were compared, it emerged that the
implantation of the plate and screws is superior to the replacement of the nail. In particular,
the implantation of the plate and screws has a lower nonunion rate, shorter union time,
less intraoperative blood loss, and shorter operative time.

4.4. Bone Grafting and Biology Adjuvants

The literature examination in scope of this review highlights the importance of the
use of bone grafting or a biological adjuvant substance associated with surgery in order to
augment the healing rate of patients with femur shaft nonunion. Bone grafts have several
properties: Osteoconduction refers to the ability of the implanted scaffold to stimulate
the internal growth of blood vessels and mesenchymal cells. Among the osteoconductive
scaffolds most frequently used in the treatment of nonunions are cements made of calcium
sulfate and calcium phosphate. Osteoinduction is the process by which the mesenchymal
cells are stimulated to undergo a process of differentiation into the different bone cell
series (chondroblasis, osteoblasts, osteocytes); this is a fundamental process for the bone
graft, which promotes the formation of new bone through the ossification process [43].
Osteogenesis, on the other hand, is the ability to form new bone by cells derived from the
graft. This property is unique to autografts or allografts only. Autologous bone grafting
consists of taking bone material from one anatomical site and then transplanting it to
another site in the same patient. This type of graft has high osteoinductive, osteoconduc-
tive, and osteogenic potential. Among the various autologous grafts, the spongy one is



Life 2023, 13, 1508 9 of 11

the most commonly used. Its high concentrations of osteoblasts and osteocytes give it
high osteogenic potential, and its large trabecular surface induces vessel invasion and
incorporation into the receiving site [44]. The literature examination underlines how the
best biological adjuvant in patients with femoral nonunion is a cancellous autograft, al-
though its use is still controversial and it is strongly linked with the type of nonunion to be
treated. Generally, autologous bone grafting is not necessary in hypertrophic nonunions,
as the main cause of these complications an initial fixation of the fracture, which does not
guarantee adequate stability. However, many surgeons tend to also use bone grafting in
hypertrophic nonunion [32]. This acts as a void filler in cases of pseudarthrosis developing
on fractures with high comminution and bone loss, but at the same time, bone grafting also
provides all the required biological stimuli, including a high source of viable autologous
osteogenic cells residing in bone and bone marrow. Often, most surgeons tend to curettage
the nonunion site by removing fibrotic or necrotic tissue, which can leave bone defects
of various sizes that require grafting. Although an iliac crest graft is typically used to fill
a defect, alternative techniques are available for obtaining tissue for graft [45]. Another
device that can be used is the reamer-irrigator-aspirator, which allows bone to be taken as a
ream from inside the femoral canal. This technique allows us to obtain bone material that
acts both as a filler of voids and as a biological stimulus, being a source of autologous vital
osteogenic cells [46].

Given the available data, it is not possible at the moment to state with certainty which
is the best treatment for patients suffering from nonunions in femur shaft fractures.

However, both the implantation of plates and screws and the change of the in-
tramedullary nail show excellent results. The topic of the best treatment of nonunions of
shaft fractures of the femur requires numerous and further prospective and randomized
controlled studies, in particular to evaluate the impact that the new biological therapies
(stroma vascular fraction, BMP, pallet rich plasma) can have in promoting the healing of
this pathology, especially for oligo-atrophic nonunions in which there is a lack of biological
stimulation for healing.

This review certainly has some limitations, including the non-specification in many
studies of whether it was atrophic, hypotrophic, or hypertrophic pseudoarthrosis, which
is essential information for evaluating the best treatment option; the heterogeneity of the
studies included in the review; the retrospective nature of most of them; the lack of control
groups; the low volume of data; and the very small sample size in some studies.

5. Conclusions

Pseudoarthrosis after the treatment of diaphyseal fractures of the femur represents
one of the most fearsome complications and is among the most difficult to manage. The
therapeutic choices that can be used are different. Both plate and screw augmentation
and the revision of the intramedullary nail with reaming of the medullary canal are valid
treatments with excellent chances of healing the nonunion. The choice between these
two types of treatment must be guided by the type of pseudarthrosis that the patient
presents: the nonunion after nailing is in most cases caused by instability (hypertrophic
pseudarthrosis), which is treated by providing stability (for example, by plate implantation
as an augment), while in the case of oligotrophic or atrophic pseudarthrosis, the revision of
the nail with the reaming of the intramedullary canal represents a valid therapeutic option
as it stimulates the biological recovery of the normal healing processes of fractures. Even
the dynamization of the nail, especially in hypertrophic pseudoarthrosis, can be a treatment
option to consider by virtue of the low invasiveness and the good results it presents. A
fundamental factor to be stressed is the use of autologous bone graft or growth factors to
promote bone regenerative processes, especially in patients with oligo-atrophic nonunion,
which can be used both in the case of an augmentation procedure with plate and screws
and in the case of nail revision. Autologous bone grafting could also be considered in those
patients who, despite having a hypertrophic nonunion, present risk factors or comorbidities
that can slow down the healing processes of the nonunion, e.g., diabetes and cigarette
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smoking. This only allows for a descriptive statistical analysis without the ability to draw
definitive conclusions.

Author Contributions: Conceptualization, L.B.P. and G.P.; methodology, L.M. and A.N.; validation,
L.B.P. and F.S.; formal analysis, L.B.P. and S.B.; investigation, L.B.P., A.B., G.P., L.M. and F.S.; data
curation, L.B.P., A.B., G.P., L.M. and F.S.; writing—original draft preparation, L.B.P., A.B., G.P., L.M.,
A.N. and F.S. writing—review and editing, G.P. and L.M.; project administration, L.B.P., L.M. and G.P.
All authors have read and agreed to the published version of the manuscript.

Funding: This research has been funded by the Italian Ministry of Health – Ricerca Corrente.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Basile, G.; Fozzato, S. Treatment of Femoral Shaft Pseudarthrosis, Case Series and Medico-Legal Implications. J. Clin. Med. 2022,

11, 7407. [CrossRef]
2. Smith, W.R.; Morgan, S.J. Failure of Internal Fixation of the Femoral Shaft. Tech. Orthop. 2002, 17, 448–457. [CrossRef]
3. Bell, A.; Templeman, D. Nonunion of the Femur and Tibia: An Update. Orthop. Clin. N. Am. 2016, 47, 365–375. [CrossRef]

[PubMed]
4. Curylo, L.J.; Lindsey, R.W. Shaft non-unions: Current aetiology and outcome of treatment. Int. Orthop. 1994, 2, 465–473.
5. Scott, G.; King, J.B. A prospective double blind trial of electrical capacitive coupling in the treatment of nonunion of long bones.

J. Bone Joint Surg. 1994, 7, 820–826. [CrossRef]
6. Hannouche, D.; Petite, H. Current trends in the enhancement of fracture healing. J. Bone Joint Surg. 2001, 83, 157–164. [CrossRef]
7. Beutler, S.; Regel, G. Extracorporeal shock wave therapy for delayed union of long bone fractures: Preliminary results of a

prospective cohort study. Unfallchirurg 1999, 102, 839–847. [CrossRef]
8. Paley, D.; Chaudray, M. Treatment of malunion and mal-non-union of the femur and tibia by detailed preoperative planning and

the Ilizarov technique. Orthop. Clin. N. Am. 1990, 21, 667–691. [CrossRef]
9. Cove, J.A.; Lhowe, D.W. The management of femoral diaphyseal non-unions. J. Orthop. Trauma 1997, 11, 513–520. [CrossRef]
10. Attum, B.; Douleh, D.; Whiting, P.S.; White-Dzuro, G.A.; Dodd, A.C.; Shen, M.S.; Mir, H.R.; Obremskey, W.T.; Sethi, M.K.

Outcomes of Distal Femur Nonunions Treated with a Combined Nail/Plate Construct and Autogenous Bone Grafting. J. Orthop.
Trauma 2017, 31, 301–304. [CrossRef]

11. Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; PRISMA-P Group. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]
[PubMed]

12. Slim, K.; Nini, E.; Forestier, D.; Kwiatkowski, F.; Panis, Y.; Chipponi, J. Methodological index for non-randomized studies (minors):
Development and validation of a new instrument. ANZ J. Surg. 2003, 73, 712–716. [CrossRef] [PubMed]

13. Wu, C.C. Aseptic femoral nonunion treated with exchange locked nailing with intramedullary augmentation cancellous bone
graft. J. Orthop. Surg. Res. 2022, 17, 339. [CrossRef] [PubMed]

14. Uliana, C.S.; Bidolegui, F.; Kojima, K.; Giordano, V. Augmentation plating leaving the nail in situ is an excellent option for treating
femoral shaft nonunion after IM nailing: A multicentre study. Eur. J. Trauma Emerg. Surg. 2021, 47, 1895–1901. [CrossRef]

15. Park, J.; Yang, K.H. Indications and outcomes of augmentation plating with decortication and autogenous bone grafting for
femoral shaft nonunions. Injury 2013, 44, 1820–1825. [CrossRef]

16. Lu, Y.; Sun, L.; Wang, Q.; Ren, C.; Xu, Y.; Ye, H.; Li, M.; Xue, H.; Huang, Q.; Li, Z.; et al. Osteoperiosteal decortication and bone
grafting combined with wave plating for femoral shaft aseptic atrophic nonunion after intramedullary nailing. J. Int. Med. Res.
2022, 50, 03000605221139667. [CrossRef]

17. Kim, J.W.; Yoon, Y.C.; Oh, C.W.; Han, S.B.; Sim, J.A.; Oh, J.K. Exchange nailing with enhanced distal fixation is effective for the
treatment of infraisthmal femoral nonunions. Arch. Orthop. Trauma Surg. 2018, 138, 27–34. [CrossRef]

18. Dai, J.Z.; Chen, C.Q.; Mao, S.; Wang, Y.S.; Zhou, Y. Treatment of nonunion of femoral shaft fracture after initial locked in-
tramedullary fixation with plate and xenogenic bony plate. China J. Orthop. Traumatol. 2015, 28, 174–176.

19. Wang, Z.; Liu, C.; Liu, C.; Zhou, Q.; Liu, J. Effectiveness of exchange nailing and augmentation plating for femoral shaft nonunion
after nailing. Int. Orthop. 2014, 38, 2343–2347. [CrossRef]

20. Ru, I.; Cang, H.; Hu, C.; Hu, Y. Comparison of two surgical methods for aseptic nonunions of femoral shaft orthopaedic surgery.
Chin. J. Orthop. Trauma 2013, 27, 25–29.

21. Gao, K.D.; Huang, J.H.; Tao, J.; Li, F.; Gao, W.; Li, H.-Q.; Wang, Q.-G. Management of femoral diaphyseal nonunion after nailing
with augmentative locked plating and bone graft. Orthop. Surg. 2011, 3, 83–87. [CrossRef] [PubMed]

22. Jhunjhunwala, H.R.; Dhawale, A.A. Is augmentation plating an effective treatment for non-union of femoral shaft fractures with
nail in situ? Eur. J. Trauma Emerg. Surg. 2016, 42, 339–343. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm11247407
https://doi.org/10.1097/00013611-200212000-00009
https://doi.org/10.1016/j.ocl.2015.09.010
https://www.ncbi.nlm.nih.gov/pubmed/26772945
https://doi.org/10.2106/00004623-199406000-00005
https://doi.org/10.1302/0301-620X.83B2.0830157
https://doi.org/10.1007/s001130050492
https://doi.org/10.1016/S0030-5898(20)31511-X
https://doi.org/10.1097/00005131-199710000-00009
https://doi.org/10.1097/BOT.0000000000000926
https://doi.org/10.1186/2046-4053-4-1
https://www.ncbi.nlm.nih.gov/pubmed/25554246
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://www.ncbi.nlm.nih.gov/pubmed/12956787
https://doi.org/10.1186/s13018-022-03229-8
https://www.ncbi.nlm.nih.gov/pubmed/35794570
https://doi.org/10.1007/s00068-020-01333-0
https://doi.org/10.1016/j.injury.2013.02.021
https://doi.org/10.1177/03000605221139667
https://doi.org/10.1007/s00402-017-2802-z
https://doi.org/10.1007/s00264-014-2456-1
https://doi.org/10.1111/j.1757-7861.2011.00124.x
https://www.ncbi.nlm.nih.gov/pubmed/22009591
https://doi.org/10.1007/s00068-015-0534-8
https://www.ncbi.nlm.nih.gov/pubmed/26038052


Life 2023, 13, 1508 11 of 11

23. Sancheti, K.H.; Pradhan, C. Effectiveness of exchange K-nail and augmented plating in aseptic femoral diaphyseal non-union.
Injury 2017, 48 (Suppl. 2), S61–S65. [CrossRef] [PubMed]

24. Mohamed, M.A.; Noaman, H.H.; Soroor, Y.O.; Elsayed, M. Plate augmentation and bone grafting in treatment of femoral shaft
nonunion initially fixed by intramedullary nail. SICOT J. 2022, 8, 19. [CrossRef]

25. Alam, Q.S.; Alam, M.T.; Reza, M.S.; Roy, M.K.; Kamruzzaman, M.; A Sayed, K.; Alamgir, M.K.; Mohiuddin, A.M. Evaluation of
Outcome of Exchange Nailing with Autogenous Bone Graft for Treating Aseptic Nonunion of Femoral Shaft Fracture. Mymensingh
Med. J. 2019, 28, 378–381.

26. Lai, P.-J.; Hsu, Y.-H.; Chou, Y.-C.; Yeh, W.-L.; Ueng, S.W.N.; Yu, Y.-H. Augmentative antirotational plating provided a significantly
higher union rate than exchanging reamed nailing in treatment for femoral shaft aseptic atrophic nonunion—Retrospective cohort
study. BMC Musculoskelet. Disord. 2019, 20, 127. [CrossRef]

27. Hierholzer, C.; Glowalla, C.; Herrler, M.; Von Ruden, C.; Hungerer, S.; Bühren, V.; Friederichs, J. Reamed intramedullary exchange
nailing: Treatment of choice of aseptic femoral shaft nonunion. J. Orthop. Surg. Res. 2014, 9, 88. [CrossRef]

28. El Zahlawy, H.; Abdeldayem, S.M.; Metwaly, R.G. Plate augmentation combined with bone grafting for aseptic non-union of
femoral shaft fractures following interlocking nails. Acta Orthop. Belg. 2019, 85, 205–209.

29. Weiss, R.J.; Montgomery, S.M.; Al Dabbagh, Z.; Jansson, K.-A. National data of 6409 Swedish inpatients with femoral shaft
fractures: Stable incidence between 1998 and 2004. Injury 2009, 40, 304–308. [CrossRef]

30. Rudloff, M.I.; Smith, W.R. Intramedullary nailing of the femur: Current concepts concerning reaming. J. Orthop. Trauma 2009, 29,
S12–S17. [CrossRef]

31. Somford, M.P.; van den Bekerom, M.P.J.; Kloen, P. Operative treatment for femoral shaft nonunions, a systematic review of the
literature. Strateg. Trauma Limb Reconstr. 2013, 8, 77–88. [CrossRef] [PubMed]

32. Wildemann, B.; Ignatius, A.; Leung, F.; Taitsman, L.A.; Smith, R.M.; Pesántez, R.; Stoddart, M.J.; Richards, R.G.; Jupiter, J.B.
Non-union bone fractures. Nat. Rev. Dis. Prim. 2021, 7, 57. [CrossRef] [PubMed]

33. Pape, H.C.; Giannoudis, P. The biological and physiological effects of intramedullary reaming. J. Bone Joint Surg. 2007, 89,
1421–1426. [CrossRef] [PubMed]

34. Wu, C.C. Exchange nailing for aseptic nonunion of femoral shaft: A retrospective cohort study for effect of reaming size. J. Trauma
Inj. Infect. Crit. Care 2007, 63, 859–865. [CrossRef]

35. Medlock, G.; Stevenson, I.M.; Johnstone, A.J. Uniting the Un-United: Should Established Non-Unions of Femoral Shaft Fractures
Initially Treated with IM Nails Be Treated by Plate Augmentation Instead of Exchange IM Nailing? A Systematic Review. Strateg.
Trauma Limb Reconstr. 2018, 13, 119–128. [CrossRef]

36. Shroeder, J.E.; Mosheiff, R.; Khoury, A.; Liebergall, M.; A Weil, Y. The Outcome of Closed, Intramedullary Exchange Nailing with
Reamed Insertion in the Treatment of Femoral Shaft Nonunions. J. Orthop. Trauma 2009, 23, 653–657. [CrossRef]

37. Gelalis, I.D.; Politis, A.N.; Arnaoutoglou, C.M.; Korompilias, A.V.; Pakos, E.E.; Vekris, M.D.; Karageorgos, A.; Xenakis, T.A.
Diagnostic and treatment modalities in nonunions of the femoral shaft: A review. Injury 2012, 43, 980–988. [CrossRef]

38. Vaughn, J.E.; Shah, R.V.; Samman, T.; Stirton, J.; Liu, J.; Ebraheim, N.A. Systematic Review of Dynamization vs. Exchange Nailing
for Delayed/Non-Union Femoral Fractures. World J. Orthop. 2018, 9, 92–99. [CrossRef]

39. Konda, S.R.; Christiano, A.; Fisher, N.; Leucht, P.; Egol, K.A. Femoral Nonunion with Iliac Crest Bone Graft. J. Orthop. Trauma
2017, 31, S19–S20. [CrossRef]

40. Roberts, T.T.; Rosenbaum, A.J. Bone grafts, bone substitutes and orthobiologics: The bridge between basic science and clinical
advancements in fracture healing. Organogenesis 2012, 8, 114–124. [CrossRef]

41. Schulz, A.P.; Faschingbauer, M.; Seide, K.; Schuemann, U.; Mayer, M.; Jürgens, C.; Wenzl, M. Is the wave plate still a salvage
procedure for femoral non-union? Results of 75 cases treated with a locked wave plate. Eur. J. Trauma Emerg. Surg. 2009, 35,
127–131. [CrossRef] [PubMed]

42. Luo, H.; Su, Y.; Ding, L.; Xiao, H.; Wu, M.; Xue, F. Exchange nailing versus augmentative plating in the treatment of femoral shaft
nonunion after intramedullary nailing: A meta-analysis. EFORT Open Rev. 2019, 4, 513–518. [CrossRef] [PubMed]

43. Albrektsson, T.; Johansson, C. Osteoinduction, osteoconduction and osseointegration. Eur. Spine J. 2001, 10, S96–S101. [PubMed]
44. Khan, S.N.; Cammisa, F.P., Jr.; Sandhu, H.S.; Diwan, A.D.; Girardi, F.P.; Lane, J.M. The biology of bone grafting. J. Am. Acad.

Orthop. Surg. 2005, 13, 77–86. [CrossRef]
45. Jones, C.B.; Mayo, K.A. Nonunion treatment: Iliac crest bone graft techniques. J. Orthop. Trauma 2005, 19, S11–S13. [CrossRef]
46. Cox, G.; Jones, E.; McGonagle, D.; Giannoudis, P.V. Reamer-irrigator-aspirator indications and clinical results: A systematic

review. Int. Orthop. 2011, 35, 951–956. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/S0020-1383(17)30496-5
https://www.ncbi.nlm.nih.gov/pubmed/28802423
https://doi.org/10.1051/sicotj/2022020
https://doi.org/10.1186/s12891-019-2514-3
https://doi.org/10.1186/s13018-014-0088-1
https://doi.org/10.1016/j.injury.2008.07.017
https://doi.org/10.1097/BOT.0b013e31819f258a
https://doi.org/10.1007/s11751-013-0168-5
https://www.ncbi.nlm.nih.gov/pubmed/23892497
https://doi.org/10.1038/s41572-021-00289-8
https://www.ncbi.nlm.nih.gov/pubmed/34354083
https://doi.org/10.1302/0301-620X.89B11.19570
https://www.ncbi.nlm.nih.gov/pubmed/17998175
https://doi.org/10.1097/01.ta.0000233663.24838.76
https://doi.org/10.1007/s11751-018-0323-0
https://doi.org/10.1097/BOT.0b013e3181a2a337
https://doi.org/10.1016/j.injury.2011.06.030
https://doi.org/10.5312/wjo.v9.i7.92
https://doi.org/10.1097/BOT.0000000000000895
https://doi.org/10.4161/org.23306
https://doi.org/10.1007/s00068-008-8009-9
https://www.ncbi.nlm.nih.gov/pubmed/26814765
https://doi.org/10.1302/2058-5241.4.180054
https://www.ncbi.nlm.nih.gov/pubmed/31538001
https://www.ncbi.nlm.nih.gov/pubmed/11716023
https://doi.org/10.5435/00124635-200501000-00010
https://doi.org/10.1097/00005131-200511101-00004
https://doi.org/10.1007/s00264-010-1189-z

	Introduction 
	Materials and Methods 
	Inclusion Criteria 
	Database Research 
	Study Selection 
	Data Collection 
	Quality Evaluation 

	Results 
	Demographics 
	Surgical Information about NU Treatment 
	Outcomes 

	Discussion 
	Nail Revision 
	Dynamization of the Nail 
	Plates and Screws 
	Bone Grafting and Biology Adjuvants 

	Conclusions 
	References

