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ABSTRACT: Vascular compromised fractures typically result in a high rate of healing complications, such as avascular necrosis, nonunion,
delayed union, and arthritis, which severely affect a patient’s function and quality of life. The purpose of this review was to identify and describe
the epidemiology and available treatment options for the most well-known vascular compromised closed fractures. The injuries discussed in
detail in this review were scaphoid, lunate, femoral neck, and talar fractures. Current evidence suggests that optimal treatment for vascular
compromised fractures is dependent on the degree of fracture displacement and comminution, and the patient’s post-injury functional demands,
age, and bone quality. Conservative efforts generally include casting or splinting with a period of immobilization. Surgery is indicated for
substantially displaced fractures, patients who require higher functional demands and an earlier return to activity, or if complications occur
following nonoperative treatment; however, operative intervention is typically performed for femoral neck fractures regardless of the amount of
displacement. Various surgical techniques exist, though internal fixation with screws is a common procedure among these injuries and can be
used in combination with other implants, such as plating or Kirschner wires (k-wires), when needed. Severe fracture comminution, poor bone
quality, or arthritis can contraindicate the use of screws and more invasive intervention will be required. Bone grafting is done in some cases to
enhance vascularity. Salvage procedures exist for patients who develop severe complications, but these will permanently alter the anatomy of

the injured area and should be considered a last resort.
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Introduction

Vascular compromised fractures are injuries with a severely
impaired healing process due to the limited blood flow to these
areas.™ Because of this, fractures in these regions are associ-
ated with a high rate of necrosis and union complications,
making the management of these injuries challenging.*7 The
purpose of this review was to identify and describe the epide-
miology and treatment options for the most well-known vas-
cular compromised closed fractures.

Background on scaphoid and lunate fractures

Fractures of the scaphoid represent about 50% to 90% of all
carpal fractures in young, physically active individuals.l8
Approximately 345000 scaphoid injuries occur in the United
States every year.3 With these injuries, the patient will present
with wrist pain on the radial side after a traumatic event.’
There may also be tenderness in the anatomical snuffbox, pain
on palpation of the scaphoid, pain with axial compression of
the thumb, and pain in the thumb during range of motion
(ROM).? These clinical signs are important to investigate, as
the injury may be missed on plain radiographs.” Advanced
imaging will help determine fracture stability and amount of
displacement.” Because of the vascular insufficiency present in
the scaphoid bone, nonunion is a common complication fol-
lowing injury to this area, with rates ranging from 5% to 15%.13

Other concerns include delayed union, arthritis, reduced wrist
motion, and loss of strength.? The probability of a scaphoid
nonunion will be reduced with early recognition, appropriate
treatment, and immobilization.10

Isolated lunate fractures are rare as they are typically associ-
ated with other wrist injuries; however, there are concerns that
the injury is being missed on diagnosis and computerized
tomography (CT) or magnetic resonance imaging (MRI) may
be needed for proper identification.!’™3 They account for
approximately 0.5% to 6.5% of carpal fractures.’’13 The most
common mechanism of action is falling on an outstretched
hand, but the injury may occur following hyperflexion or a
direct blow.!® Teisen and Hjarbaek categorized these fractures
based on radiographs and vascularity, as described by Gelberman
and Gross (Table 1).11,14.15

Treatment of scaphoid fractures

If the injury is deemed minimally displaced, cast or splint
immobilization may be employed; however, fracture consolida-
tion via this method ranges from 8 to 12 weeks, which may be
too long for a younger, more active patient.®%1¢ Once union is
achieved, hand therapy may begin.® Complications, including
muscular atrophy, joint stiffness, and reduced grip strength,
may occur and could delay the patient’s return to work and
activities.®

@ @ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
mailto:chris.vannabouathong@myorthoevidence.com

2 Clinical Medicine Insights: Arthritis and Musculoskeletal Disorders

Table 1. The Teisen and Hjarbaek classification of lunate fractures.

Group | Fracture of the volar pole, possibly affecting the

volar nutrient artery
1] Chip fracture not affecting the main blood supply

Il Fracture of the dorsal pole, possibly affecting the
dorsal nutrient artery

IV Sagittal fracture through the body of the lunate

V  Transverse fracture through the body of the lunate

Different surgical fixation methods, screws, bone grafts,
and approaches have been investigated in the literature.’317
Bone grafting, typically from the radius, is done to enhance
vascularity.110 Screw fixation provides structural support by
compressing the 2 fragments and prevents bending at the
fracture site; a single headless compression screw along the
central longitudinal axis is the most common method of
fixation.13%10 Designs have evolved since the original Herbert
screw, claiming to improve load to failure, stiffness, and com-
pression at the fracture site, though screw selection is currently
based on the surgeon’s personal preference, as a better under-
standing of the different compressive forces and clinical effects
generated by these various screw designs is still required.>!8
Kirschner wires (k-wires) are helpful for stabilizing the liga-
mentous forces acting on the area and involve minor soft tissue
damage, but can lead to pin tract infection, stiffness, and the
need for re-intervention.® Volar plating may be indicated
when there is a large degree of comminution or bone loss.>?
Generally, internal fixation is associated with good union rates,
ranging from 85% to 90%, while also providing earlier return
to mobilization.®1® Not only is vascular compromise an issue,
but instability can also be the cause of complications, such as
nonunion, post-injury; therefore, a combination of these differ-
ent treatments may be needed to address all underlying issues
in some of these patients.! In a biomechanical study, Guss et al3
found that a 50% intact scaphoid with a headless compression
screw provided similar load to failure and stiffness to a fully
intact, uninjured scaphoid. There is inconsistent evidence on
the use of k-wires alone, but in a case-control study of 25
patients with scaphoid nonunion, Allon et al' found that the
addition of k-wires to headless screw fixation and bone graft-
ing was safe and should be considered when suboptimal stabil-
ity is present during surgery. When a nonunion occurs, salvage
procedures include proximal row carpectomy, scaphoid exci-
sion with arthrodesis, or total wrist fusion; however, these oper-
ations can lead to permanent changes in wrist function.!® For
such cases, fixation with a headless compression screw, with or
without bone grafting, is currently the standard when attempt-
ing to stabilize and unite the scaphoid.'®!® Metaphyseal
decompression of the distal radius, along with the insertion of
compression screws, is a more recently developed method that

may increase vascularization of the radial column of the carpus
for scaphoid nonunion.'” The addition of a volar plate to screw
fixation can provide more buttress support, if needed (Figure 1).10

Treatment of lunate fractures

Conservative treatment includes prolonged immobilization
with a plaster cast for at least 6 weeks, which may be reserved
for undisplaced fractures.11:12:20

Displaced lunate injuries are treated via internal fixation
with screws, and possibly k-wires, as it ensures good reduction
and compression; however, this is not possible if the fracture is
comminuted (Figure 1).113 This treatment method is also an
alternative for patients who do not want to experience pro-
longed immobilization (ie, want a quicker return to work)
when the injury is treated conservatively.!12 If chronic insta-
bility or arthrosis develops, salvage procedures include proxi-
mal row carpectomy and wrist arthrodesis (Figure 1).12

Background on femoral neck fractures

The number of hip fractures is rising due to the aging population,
though such injuries can still occur in young adults.!=23 In a
recent study conducted by Rosengren et al,> the authors reported
that the number of people aged =50years rose from 1.6 to 2 mil-
lion from 1980 to 2010 in Denmark and from 2.8 to 3.5 million
from 1987 to 2011 in Sweden. During these same years, the
number of annual hip fractures (per 10000 person-years) gener-
ally increased in these countries, from ~7 in men and ~28 in
women to ~14 and ~39, respectively, in Denmark and from ~23 to
~29 in Swedish men (incidence rates in Swedish women were
similar between 1987 and 2010; ~75/10000 person-years).>

Femoral neck fractures, in particular, are challenging as they
are at an increased risk of complications, such as fixation fail-
ure, malunion, nonunion, and avascular necrosis of the femoral
head.?3?> They may occur due to either low- or high-energy
trauma, or because of a sport injury, and can be classified using
the Garden or Pauwels classification system (Tables 2 and
3).>2>727 Femoral neck fractures are a leading cause of disability
and morbidity in the elderly, and, in the United States, yearly
incidence rates for this injury have ranged from 146 to 242 per
100000 adults.?® Displaced fractures, relative to nondisplaced,
are associated with higher complication rates.>?’ For example,
Campenfeldt et al® found rates of 23%, 15%, and 28% for non-
union, avascular necrosis, and reoperation, respectively, in
patients with displaced fractures, whereas these rates for those
with nondisplaced fractures were 0%, 12%, and 8%.

Treatment of femoral neck fractures

The aim of surgery is to reduce pain and allow for early
mobilization.?! It is believed that early fracture reduction and
stabilization via surgery may improve femoral head blood flow,
resulting in a greater likelihood of union and less complications;
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Figure 1. Overview and treatment of scaphoid and lunate fractures.
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Table 2. The Garden classification of femoral neck fractures.

Type | Non-displaced, incomplete fracture

Non-displaced, complete fracture
Partially displaced, complete fracture

Fully displaced, complete fracture

Table 3. The Pauwels classification of femoral neck fractures.

Type | Up to 30° between the fracture line of the distal
fragment and the horizontal line—compressive

forces are dominant

Within 30° to 50° between the fracture line of the
distal fragment and the horizontal line—shearing
force occurs and may have a negative effect on
bone healing

Il =50° between the fracture line of the distal
fragment and the horizontal line—shearing force is
predominant and is associated with a significant
amount of varus force which will more likely result in
fracture displacement and varus collapse

delayed treatment may also increase the risk of mortality.23-25:30-32
Although there is no definitive criteria as to what is considered
an “unacceptable delay” for surgical intervention, guidelines

suggest that surgery should be performed within 24 h of injury.3?
Surgical options for a femoral neck fracture include internal
fixation or an arthroplasty procedure.>?12228 A patient less than
70years old should undergo internal fixation, regardless of the
degree of displacement, which is hypothesized to preserve the
hip joint while allowing the patient to function.>?1:?32 Relative
to nonoperative treatment, internal fixation lessens the risk of
displacement and allows earlier weightbearing and rehabilita-
tion.3 Another reason internal fixation is recommended for
patients <60 years is that they are at a higher risk of experienc-
ing a revision with a total hip replacement due to their greater
life expectancy.” The procedure can be done with screws, result-
ing in good functional outcomes for most patients.>?*?* For
example, 76% of patients in the study by Campenfeldt et al®
achieved a “good” or “excellent” result on the Harris Hip Score
24 months post-surgery. There is variation in the size and
number of screws, and their angle of insertion and placement,
with no clear consensus on the best approach.?3?> Bone graft-
ing may be done along with compression screw insertion to
help improve vascularity in the region.?333 Another method of
internal fixation includes a sliding hip screw.?>33 After screw
insertion, the sliding and compressing of fragments during
loading are hypothesized to induce fracture healing while con-
trolling the shear forces, but femoral neck shortening may
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Figure 2. Overview and treatment of femoral neck fractures.

occur.”” The patient’s bone quality and the amount of fracture
comminution are other factors to consider as they may con-
traindicate internal fixation.?>?>?° Arthroplasty is typically
done for patients who are older (ie, =60years) and have dis-
placed fractures, or when a patient experiences a failure with
less invasive treatment.?222528 For older patients, arthroplasty
promotes early mobilization and weightbearing, reducing the
likelihood that the patient will remain bedridden and encoun-
ter subsequent comorbidities (Figure 2).22

Background on talar fractures

Talar fractures account for about 0.1% to 0.3% of all fractures
and 1% of foot and ankle fractures.»7-3* The talus is the most
superiorly located bone of the foot and is vital in maintaining
ankle function and ROM.® Injuries are typically due to high-
energy trauma, such as a motor vehicle collision or fall.”3* Plain
radiographs will be required for diagnosis, but a CT scan or
MRI may be used to further characterize the fracture.”
Clinically, the patient will have pain and swelling at the ankle
with the inability to bear weight.” Talar fractures may be missed
on initial examination, being diagnosed as an ankle sprain.3

Table 4. The Hawkins classification of talar neck fractures.

Type | Non-displaced

1] Displacement with subluxation/dislocation of the
subtalar joint

Il Displacement with subluxation/dislocation of the
subtalar and ankle joints

IV Displacement with subluxation/dislocation of the
subtalar, ankle, and talonavicular joints

Changes in gait will be observed and post-traumatic arthritis is
another concern.”34

The talus comprises a neck, head, body, lateral process, and
posterior process; not all regions of the talus are vascularly
compromised.®” Talar neck fractures are the most common
type as this area is the weakest part of the bone, representing
about half of these injuries.®” The severity of talar neck frac-
tures can be classified using the methods described by
Hawkins (Table 4).37 Avascular necrosis, osteoarthritis, and
worse clinical scores increase with fracture severity.®” Talar
body fractures account for about 20% of all talar fractures.”
The articular surfaces of the ankle and, occasionally, subtalar
joints are generally involved, increasing the likelihood of
developing osteoarthritis.”

Treatment of talar fractures

A nondisplaced talar neck fracture with adequate alignment
may be treated conservatively with immobilization in a lower
leg cast for 6weeks, allowing for partial weightbearing
only.673>38 Rehabilitation may be started once the fracture is
radiographically healed.3®

Type II to IV talar neck fractures require immediate
internal fixation.®” Talar body fractures are almost always
managed operatively; however, complications are still com-
mon as the blood supply becomes disrupted.” Screws may
provide optimal compression except when there is extensive
communition; in such cases, a plate may also be required or
an excision may be performed, though the latter procedure
can alter hindfoot stability and biomechanics.”% K-wires
may help achieve closed reduction and temporary fixation
prior to screw insertion.’® If avascular necrosis develops,
another procedure may be required, such as talectomy, panta-
lar arthrodesis, tibiotalar arthrodesis, or tibiocalcaneal

arthrodesis (Figure 3).7

Conclusions

Current evidence suggests that optimal treatment for vascular
compromised fractures is dependent on the degree of fracture
displacement and comminution, and the patient’s post-injury
functional demands, age, and bone quality. Conservative efforts
generally include casting or splinting with a period of
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Figure 3. Overview and treatment of talar neck and body fractures.

immobilization. Surgery is indicated for substantially displaced
fractures, patients who require higher functional demands and
an earlier return to activity, or if complications occur following
nonoperative treatment; however, operative intervention is
typically performed for femoral neck fractures regardless of the
amount of displacement. Internal fixation with screws is a
common procedure among these injuries and can be used in
combination with other implants, such as plating or k-wires,
when needed. Severe fracture comminution, poor bone quality,
or arthritis can contraindicate the use of screws and more inva-
sive intervention will be required. Bone grafting is done in
some cases to enhance vascularity. Salvage procedures exist for
patients who develop severe complications, but these will per-
manently alter the anatomy of the injured area and should be
considered a last resort.

Author Contributions

CV and MB contributed to the design of the study, and acqui-
sition and interpretation of data. CV drafted the manuscript.
MB, ES and BP reviewed and revised the manuscript prior to
submission. All authors approved the final version of the
manuscript.

ORCIDiD
Christopher Vannabouathong
-9694-6364

https://orcid.org/0000-0002

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Allon R, Kramer A, Wollstein R. Intramedullary screw and Kirschner wire fixa-
tion for unstable scaphoid nonunion. J Hand Microsurg. 2016;8:150-154.

Beltran MJ, Mitchell PM, Collinge CA. Posterior to anteriorly directed screws
for management of talar neck fractures. Foot Ankle Int. 2016;37:1130-1136.
Guss MS, Mitgang JT, Sapienza A. Scaphoid healing necessary for unrestricted
activity: a biomechanical cadaver model. ] Hand Surg Am. 2017;43:134-138.
Hernigou P, Dubory A, Flouzat Lachaniette CH, Khaled I, Chevallier N,
Rouard H. Stem cell therapy in early post-traumatic talus osteonecrosis. Int
Orthaop. 2018;42:2949-2956.

Campenfeldt P, Hedstrom M, Ekstrom W, Al-Ani AN. Good functional out-
come but not regained health related quality of life in the majority of 20-69 years
old patients with femoral neck fracture treated with internal fixation: a prospec-
tive 2-year follow-up study of 182 patients. Injury. 2017;48:2744-2753.

Jordan RK, Bafna KR, Liu J, Ebraheim NA. Complications of talar neck frac-
tures by Hawkins classification: a systematic review. J Foot Ankle Surg. 2017;56:
817-821.

Barnett JR, Ahmad M, Khan W, O’ Gorman A. The diagnosis, management
and complications associated with fractures of the talus. Open Orthop J. 2017;11:
460-466.

Hohenberger GM, Berzins U, Bakota B, Holweg P, Clement B, Grechenig S.
Scaphoid screw placement under minimal radiation exposure. Injury. 2017;48:
S47-S50.

Suh N, Grewal R. Controversies and best practices for acute scaphoid fracture
management. /] Hand Surg Eur Vol. 2018;43:4-12.

Dodds SD, Williams JB, Seiter M, Chen C. Lessons learned from volar plate
fixation of scaphoid fracture nonunions. ] Hand Surg Eur Vol. 2018;43:57-65.
Dana C, Doursounian L, Nourissat G. Arthroscopic treatment of a fresh lunate
bone fracture detaching the scapholunate ligament. Chir Main. 2010;29:114-117.
Hsu AR, Hsu PA. Unusual case of isolated lunate fracture without ligamentous
injury. Orthopedics. 2011;34:¢785-¢789.

Saberi S, Arabzadeh A, Farhoud AR. Lunate osteochondral fracture treated by
excision: a case report and literature review. Trauma Mon. 2016;21:¢22378.
Gelberman RH, Gross MS. The vascularity of the wrist. Identification of arterial
patterns at risk. C/in Orthop Relat Res. 1986;202:40—49.

Teisen H, Hjarbaek J. Classification of fresh fractures of the lunate. ] Hand Surg
Br. 1988;13:458-462.

Moatshe G, Godin JA, Chahla J, et al. Clinical and radiologic outcomes after
scaphoid fracture: injury and treatment patterns in national football league com-
bine athletes between 2009 and 2014. Arthroscopy. 2017;33:2154-2158.
Dedeoglu SS, Imren Y, Cabuk H, Tekin AC, Ture YC, Gurbuz H. Results of
percutancous fixation and distal radius core decompression in scaphoid waist
non-unions treated without grafting. Hand Surg Rebabil. 2017;37:43-47.

Patel S, Tiedeken N, Qvick L, Debski RE, Kaufmann R, Fowler JR. Interfrag-
mentary compression forces vary based on scaphoid bone screw type and fracture
location [published online ahead of print December 1, 2017]. Hand (N Y).
doi:10.1177/1558944717745663.

Luchetti TJ, Rao AJ, Fernandez JJ, Cohen MS, Wysocki RW. Fixation of proxi-
mal pole scaphoid nonunion with non-vascularized cancellous autograft. / Hand
Surg Eur Vol. 2018;43:66-72.

Shunmugam M, Phadnis J, Watts A, Bain GI. Lunate fractures and associated
radiocarpal and midcarpal instabilities: a systematic review. ] Hand Surg Eur Vol.
2018;43:84-92.

De Jong L, Klem TMAL, Kuijper TM, Roukema GR. The minimally invasive
anterolateral approach versus the traditional anterolateral approach (Watson-
Jones) for hip hemiarthroplasty after a femoral neck fracture: an analysis of clini-
cal outcomes. Int Orthop. 2018;42:1943-1948.

Sonaje JC, Meena PK, Bansiwal RC, Bobade SS. Comparison of functional out-
come of bipolar hip arthroplasty and total hip replacement in displaced femoral
neck fractures in elderly in a developing country: a 2-year prospective study. Eur
J Orthop Surg Traumatol. 2017;28:493-498.

Wang X]J, Zhang ZH, Li L, Su YX, Wei L. Quadratus femoris muscle pedicle
bone flap transplantation in the treatment of femoral neck fracture for Chinese
young and middle-aged patients: a systematic review and meta-analysis. Chin ]
Traumatol. 2017;20:347-351.

Rosengren BE, Bjork J, Cooper C, Abrahamsen B. Recent hip fracture trends in
Sweden and Denmark with age-period-cohort effects. Ostegporos Int.
2017;28:139-149.

Guimaraes JAM, Rocha LR, Noronha Rocha TH, et al. Vertical femoral neck
fractures in young adults: a closed fixation strategy using a transverse cancellous
lag screw. Injury. 2017;48:510-516.

Garden RS. Low-angle fixation in fractures of the femoral neck. J Bone Joint Surg
Br. 1961;43-B:647-663.

Shen M, Wang C, Chen H, Rui Y-F, Zhao S. An update on the Pauwels classifi-
cation. J Orthop Surg Res. 2016;11:161-161.


https://orcid.org/0000-0002-9694-6364
https://orcid.org/0000-0002-9694-6364

Clinical Medicine Insights: Arthritis and Musculoskeletal Disorders

28.

29.

30.

31.

32.

33.

JuDG, Rajace SS, Mirocha J, Lin CA, Moon CN. Nationwide analysis of femo-
ral neck fractures in elderly patients: a receding tide. J Bone Joint Surg Am. 2017,
99:1932-1940.

Mingli F, Huiliang S, Guanglei C, etal. A clinical study on arthroplasty for
failed internal fixation of hip fractures and review of literature. Pak J Med Sci.
2017;33:798-803.

Matassi F, Carulli C, Munz G, Lualdi C, Civinini R, Innocenti M. Preliminary
results of an early vs delayed timing of surgery in the management of proximal
femur fragility fractures. Clin Cases Miner Bone Metab. 2015;12:11-17.
Sebestyén A, Bonez I, Sindor ], Nydrddy J. Effect of surgical delay on early mor-
tality in patients with femoral neck fracture. Inz Orthop. 2008;32:375-379.
Simunovic N, Devereaux PJ, Bhandari M. Surgery for hip fractures: does surgi-
cal delay affect outcomes? Indian J Orthop. 2011;45:27-32.

Zhang LL, Zhang Y, Ma X, Liu Y. Multiple cannulated screws vs. dynamic
hip screws for femoral neck fractures: a meta-analysis. Orthopade. 2017;46:
954-962.

34.

35.

36.

37.

38.

39.

Braun BJ, Pelz P, Veith NT, et al. Long-term pathological gait pattern changes
after talus fractures—dynamic measurements with a new insole. Inz Orthop.
2018;42:1075-1082.

Shank JR, Benirschke SK, Swords MP. Treatment of peripheral talus fractures.
Foot Ankle Clin. 2017;22:181-192.

Young KW, Park YU, Kim JS, Cho HK, Choo HS, Park JH. Misdiagnosis of
talar body or neck fractures as ankle sprains in low energy traumas. Clin Orthop
Surg. 2016;8:303-309.

Hawkins LG. Fractures of the neck of the talus. J Bone Joint Surg Am. 1970;
52:991-1002.

Valderrabano V, Perren T, Ryf C, Rillmann P, Hintermann B. Snowboarder’s
talus fracture: treatment outcome of 20 cases after 3.5years. Am | Sports Med.
2005;33:871-880.

Vesely R, Kelbl M, Kacian J, Hulka V, Kocis J, Kunovsky R. Talar neck fractures
treated using percutaneous screw fixation. Acza Chir Orthop Traumatol Cech.
2017;84:120-124.





