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Abstract
Background: Use of computer-assisted navigation (CAN) and robotic-
assisted (RA) surgery in total knee arthroplasty (TKA) and unicompartmental
knee arthroplasty (UKA) both necessitate the use of tracking pins rigidly fixed
to the femur and tibia. Although periprosthetic fractures through tracking
pin sites are rare, there is a paucity of literature on this potential complication.
Therefore, the purpose of this study was to perform a systematic review
of the current literature to assess the incidence and clinical outcomes of
periprosthetic fractures through tracking pin sites following CAN and
RA TKA and UKA.

Methods: A systematic review was performed following PRISMA
(Preferred Reporting Items for Systematic reviews and Meta-Analyses)
guidelines using the PubMed, MEDLINE, and Cochrane databases in
April 2020. Studies were assessed for the presence of pin site fractures,
fracture characteristics, and clinical outcomes.

Results: Seventeen clinical studies (5 case series, 1 cohort study, and 11
case reports) involving 29 pin-related fractures were included for review.
The overall incidence ranged from 0.06% to 4.8%. The mean time from
index arthroplasty to fracture was 9.5 weeks (range, 0 to 40 weeks). The
majority of fractures occurred in the femoral diaphysis (59%). Nineteen
fractures (66%) were displaced and 10 (34%) were nondisplaced or occult.
The majority of cases were atraumatic in nature or involvedminor trauma
and were typically preceded by persistent leg pain. A transcortical pin
trajectory, large pin diameter (.4 mm), diaphyseal fixation, multiple
placement attempts, and the use of non-self-drilling, non-self-tapping pins
were the most commonly reported risk factors for pin-related periprosthetic
fractures following CAN or RA TKA.

Conclusions: Surgeons should maintain a high index of suspicion for pin-
related fractures in patients with ongoing leg or thigh pain after CAN or RA
TKA in order to avoid fracture displacement and additional morbidity. As
CAN and RA TKA have unique complication risks, the debate regarding the
value of technology-assisted TKA and its cost-effectiveness continues.

Disclosure: The authors indicated that no external funding was received for any aspect of this work.

On the Disclosure of Potential Conflicts of Interest forms, which are provided with the online version

of the article, one or more of the authors checked “yes” to indicate that the author had a relevant

financial relationship in the biomedical arena outside the submitted work (http://links.lww.com/

JBJSREV/A663).

|

JBJS REVIEWS 2021;9(1):e20.00091 · http://dx.doi .org/10.2106/JBJS.RVW.20.00091 1

http://links.lww.com/JBJSREV/A663
http://links.lww.com/JBJSREV/A663
http://dx.doi.org/10.2106/JBJS.RVW.20.00091


Level of Evidence: Therapeutic Level IV. See Instructions for Authors
for a complete description of levels of evidence.

A
lthough conventional total
knee arthroplasty (TKA)
has shown excellent long-
term longevity in multiple

studies1-3, efforts to further improve
implant survivorship and functional
outcomes while decreasing revision
rates and cost continue to be pivotal
in providing value-based care4-6.
Computer-assisted navigation (CAN)
and, more recently, robotic-assisted
(RA) surgery were introduced.10
years ago with the goal of improving
implant positioning and overall limb
alignment, as femoral and tibial mal-
alignment has been associated with
early failure7-9. CAN and RA TKA
have become increasingly popular
globally over the past decade to further
increase procedural value6, with a 7%
utilization rate among all primary
TKAs in the United States7,10 and
.30% utilization in Europe and
Australia11,12. Although multiple
studies have demonstrated more
accurate restoration of mechanical,
anatomic, or kinematic alignment13-22

and immediate improvement in implant
placement without subjecting the patient
or surgeon to a clinically substantial
learning curve23-25, there are inconclusive
data regarding the effects of technology
assistance on revision rates, patient-
reported outcome measures (PROMs),
and complication rates19,26-28.

CAN and RATKA, however, have
been associated with unique complica-
tions not encountered in conventional
TKA. In most types of CAN and RA
surgery, 2 femoral and 2 tibial pins must
be temporarily placed either within
the operative field or percutaneously
through separate stab incisions in the
femur and tibia23. The supplemental
sites of metal fixation present additional
opportunities for complications, such as
pin-track infections and pin-related
fractures. Although rare, periprosthetic

fractures through CAN and RA TKA
pin sites have been reported. However,
the literature is limited to several small
case series and case reports. Therefore,
the purpose of this study was to critically
review the published literature to assess
the incidence and clinical outcomes of
periprosthetic fractures through track-
ing pin sites following CAN and RA
TKA and unicondylar knee arthroplasty
(UKA).

Materials and Methods
Literature Search
A systematic review was registered with
PROSPERO and performed using the
PRISMA (Preferred Reporting Items for
Systematic reviews and Meta-Analyses)
guidelines. A comprehensive litera-
ture search was performed using the
PubMed, MEDLINE, and Cochrane
Library electronic databases. Sixteen
searches of the keyword, title, and
abstract fields were performed, and re-
turned the indicated number of results:
(1) pin site fracture (n5 22), (2) pin
AND fracture AND total knee arthro-
plasty (n5 847), (3) pin AND fracture
ANDTKA(n5443), (4) fractureAND
computer-assisted total knee arthro-
plasty (n5 42), (5) fracture AND
computer-assisted TKA (n5 5), (6)
fracture AND navigated total knee
arthroplasty (n5 16), (7) fracture AND
navigated TKA (n5 14), (8) fracture
AND robotic total knee arthroplasty
(n5 66), (9) fracture AND robotic
TKA (n5 30), (10) computer-assisted
total knee arthroplasty (n5 593), (11)
fracture AND computer-assisted uni-
condylar arthroplasty (n5 25), (12)
fracture AND computer-assisted UKA
(n5 9), (13) fracture AND navigated
unicondylar knee arthroplasty (n5 0),
(14) fracture AND navigated UKA
(n5 7), (15) fracture AND robotic
unicondylar knee arthroplasty (n5 4),
and (16) fracture AND robotic UKA

(n5 27). MeSH terms were utilized to
increase sensitivity. Additionally, all
references in the included studies that
had been missed by the initial search
were considered for inclusion. The final
search was completed independently by
2 authors (T.J.S. and A.J.) on April 20,
2020.

Study Eligibility
Trials were eligible for inclusion if they
met the following criteria: human or
cadaveric subjects with intraoperative
and/or postoperative fracture and/or
stress fracture through or near a pin site
following computer-assisted, navigated,
or robotic TKA or UKA. There was no
minimum follow-up period because of
the small number of studies and the
limited reporting of follow-up data.
Studies involving periprosthetic fracture
unrelated to pin sites were excluded, as
were duplicates, animal studies, purely
operative technique articles, and studies
thatwere not relevant. Abstractswithout
available full text and foreign-language
articles without a direct translation were
excluded.

Study Selection and Data Abstraction
A full-text review was performed by 2
authors (T.J.S. and A.J.) to confirm
appropriateness for inclusion. Any dis-
agreement between reviewers during
each step of the review process was
resolved by a discussion between the 2
reviewers. If a consensus could not be
reached, final inclusion was decided by a
third reviewer (S.A.F.). A flow diagram
outlining the selection process can be
found in Figure 1.

Patient characteristics were as-
sessed and included age, sex, body mass
index (BMI), osteoporosis and/or oste-
openia, and comorbidities. Clinical
studies were assessed for multiple
variables of interest including level of
evidence, fracture mechanism, fracture
incidence, fracture location, pin diame-
ter, pin length, pin positioning, pin
trajectory, cortical penetration, con-
comitant procedures, visual analog
scale (VAS) score for pain, range of
motion, Knee Society Score (KSS),
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complications, patient satisfaction,
fracture-healing/union, revision sur-
gery, and revision TKA. Descriptive
statistics were calculated from each
included study. Means and standard
deviations (weighted by the number of
subjects in the individual studies) were
calculated for continuous variables.

Risk-of-Bias Assessment
Study methodological quality was as-
sessed independently by 2 independent
authors (T.J.S. and A.S.) using the
MINORS (Methodological Index for
NOn-Randomized Studies) score (see
Appendix 1).

Results
Study Identification and Assessment
The initial keyword search returned
2,150 articles for review. After screening
for duplicate citations, 1,505 articles
remained. After screening for appropri-
ateness based on the title and abstract,
1,448 articles were excluded, leaving 57
articles for full-text review. Of these, 32
articles evaluated the incidence of pin-
related fractures yet reported none. Five
articles reported periprosthetic fractures
unrelated to tracking pins. Three articles
reported pin-related fractures following
RA UKA; however, they were excluded
because no full text was available. The

remaining 17 articles, all Level-III, IV,
or V evidence, reporting at least 1 pin-
related fracture following CAN or RA
TKA or UKA and were included in the
final review for data extraction and
analysis29-45. All studies lacked ran-
domization or a control group. The
studies included 1 retrospective cohort
series, 5 retrospective case series, and 11
case reports. The mean MINORS score
for all included studies was 8.7 (Tables I
and II).

Study and Patient Characteristics
In the 17 clinical studies, 28 fractures (in
28 patients) throughCANpin sites were

Fig. 1

PRISMA flowchart.
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TABLE I Case Series and Cohort Studies Reporting Pin-Related Periprosthetic Fractures*

Study
Mean Age

(yr)
Mean BMI
(kg/m2)

Sex,
F/M

Fracture
Incidence

Pin Diameter
(mm) Technique

Fracture
Location

MINORS
Score

Level of
Evidence

Grade of
Recommendation†

Khakha29

(2015)
NR NR 1/0 1/1,596

(0.06%)
2.5 Bicortical Metaphyseal

tibia (1)
12 III B

Beldame30

(2010)
73.2 32.6 4/1 5/385 (1.3%) 1.5 Transcortical

(4)

Bicortical (1)

Diaphyseal
femur (5)

10 IV C

Brown40

(2017)
71.5 NR 1/1 2/3,100

(0.06%)
4.0 Bicortical Metaphyseal

femur (1)

Metaphyseal
tibia (1)

8 IV C

Ewe41 (2010) 65.5 NR 2/0,

1 NR

3/62 (4.8%) 3.0 Bicortical Diaphyseal
femur (2)

Metaphyseal
femur (1)

9 IV C

Harvie42

(2011)
82 NR 1/0 1/777 (0.13%) NR Bicortical Diaphyseal

femur (1)
10 IV C

Hoke43

(2011)
68.7 35.2 2/1 3/220 (1.4%) 3.0 Bicortical Diaphyseal

tibia (3)
3 IV C

*NR5 not reported. †According toWright58, grade A indicates good evidence (Level-I studies with consistent findings) for or against recommending
intervention; grade B, fair evidence (Level-II or III studies with consistent findings) for or against recommending intervention; grade C, poor-quality
evidence (Level-IVor V studieswith consistent findings) for or against recommending intervention; andgrade I, insufficientor conflictingevidencenot
allowing a recommendation for or against intervention.

TABLE II Case Reports of Pin-Related Periprosthetic Fractures*

Study
Mean Age

(yr)
Mean BMI
(kg/m2)

Sex,
F/M

No. of
Fractures

Pin Diameter
(mm) Technique Fracture Location

Grade of
Recommendation†

Blue38 (2018) 60 NR 1/0 1 NR Unicortical Femoral diaphysis (1) I

Bonutti39

(2008)
74 34.5 2/0 2 5.0 Bicortical Femoral diaphysis (2) I

Jung44 (2007) 68 NR 2/0 2 2.8 Transcortical Femoral metaphysis (1)

Tibial diaphysis (1)

I

Jung45 (2011) 70 21.5 1/0 1 3.0 Transcortical Femoral diaphysis (1) I

Kim31 (2013) 76 29.5 1/0 1 5.0 Transcortical Tibial diaphysis (1) I

Li32 (2008) 53 37.0 1/0 1 3.0 Bicortical Femoral diaphysis (1) I

Manzotti33

(2008)
76 NR 0/1 1 4.5 Bicortical Tibial diaphysis (1) I

Massai34 (2010) 79 28.3 1/0 1 5.0 Bicortical Tibial diaphysis (1) I

Ossendorf35

(2006)
65 36.9 1/0 1 2.5 Bicortical Femoral diaphysis (1) I

Panasiuk37

(2009)
60 NR 1/0 1 4.5 Bicortical Femoral diaphysis (1) I

Wysocki36

(2008)
61.5 NR 2/0 2 3.2 Bicortical Femoral diaphysis (2) I

*NR5 not reported. †According toWright58, grade A indicates good evidence (Level-I studies with consistent findings) for or against recommending
intervention; grade B, fair evidence (Level-II or III studies with consistent findings) for or against recommending intervention; grade C, poor-quality
evidence (Level-IVor V studieswith consistent findings) for or against recommending intervention; andgrade I, insufficientor conflictingevidencenot
allowing a recommendation for or against intervention.

| Pe r i p r o s t h e t i c F r a c t u r e s T h r o u g h Tr a c k i n g P i n S i t e s F o l l o w i n g C omp u t e r Na v i g a t e d a n d Ro b o t i c TKA a n d UKA

4 JANUARY 2021 · VOLUME 9, ISSUE 1 · e20.00091



reported. Only 1 study reported a frac-
ture following RA TKA38. The overall
incidence ranged from 0.06% to 4.8%.
The mean time from index surgery to
fracture was 9.5 weeks (range, 0 to 40
weeks). Twenty-four patients (83%)
were female, 4 (14%)weremale, and sex
was not reported for the remaining
patient. The mean patient age was 68.9
years (range, 53 to 82 years). BMI was
reported in 8 studies and averaged
31.9 kg/m2 (range, 21.5 to 37 kg/m2).
Two studies reported bone mineral
density scores demonstrating osteopo-
rosis in a total of 2 patients37,45.

Fracture Characteristics
Seventeen fractures (59%) occurred in
the femoral diaphysis (Fig. 2); 7 (24%),
in the tibial diaphysis; 2 (7%), in the
tibial metaphysis; and 3 (10%), in the
femoral metaphysis. Nineteen fractures
(66%) were displaced and 10 (34%)
were stress fractures or nondisplaced.
Themajority of cases were atraumatic in

nature or involved minor trauma and
were typically preceded by several days
or weeks of leg pain. Twenty-four frac-
tures (83%) were diagnosed via radio-
graphs; 3 (10%), viamagnetic resonance
imaging (MRI); and 2 (7%), via a bone
scan. All 29 fractures (100%) occurred
following TKA and 0 were reported
followingUKA. Sixteen studies reported
bicortical or transcortical pin placement,
and 1 study38 reported unicortical pin
placement. The mean pin diameter was
3.2 mm (range, 1.5 to 5.0 mm). Four
fractures (14%) were treated with open
reduction internal fixation (ORIF), 14
(48%) were treated with intramedullary
nailing, 10 (34%) were treated non-
operatively with protected weight-
bearing, and 1 (3%) required revision
TKA.

Clinical Outcomes
All fractures went on to union. The time
to unionwas poorly documented among
studies, and therefore a mean time to

union could not be obtained. Follow-up
data were reported in 5 studies, and the
duration of follow-up ranged from 5 to
12 months. All but 1 patient had full
range of motion at final follow-up. The
patientwith limitedmotion experienced
a femoraldiaphyseal stress fracture,needed
prolongedweight-bearing restrictions, and
reported stiffness, with range of motion of
0° to 85° at the 1-year follow-up35. All of
the other studies reporting functional
outcomesdemonstratedno increasedcases
of arthrofibrosis, manipulation under
anesthesia, or lysis of adhesions. The KSS
was reported for 4 patients and averaged
92.333,34,44. One fracture that was treated
with intramedullary nailing resulted in a
periprosthetic joint infection treated with
2-stage revision TKA; however, the
authors reported a successful outcome
following reimplantation39.

Discussion
CANandRATKAhave specific surgical
risks such as pin-site complications.

Fig. 2

Fig. 2-A Anteroposterior radiograph demonstrating an oblique femoral shaft fracture through a prior diaphyseal pin site. Fig. 2-B Improved fracture
alignment after skeletal traction.
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Therefore, we performed a systematic
review to assess the incidence and clini-
cal outcomes of periprosthetic fractures
through tracking pin sites following
CAN and RA TKA. We identified 29
fractures in 29 patients; 28 cases of per-
iprosthetic pin-site fracture followed
CANTKA, whereas only 1 followed RA
TKA.Theoverall incidence ranged from
0.06% to 4.8%. Fractures occurred
most commonly in the femoral diaphy-
sis and the mean time from the index
TKA to the fracture was 9.5 weeks
overall. Only 1 fracture was identified
immediately, on postoperative day 1,
and it was managed with non-weight-
bearing for 6 weeks33. Fracture severity
ranged from occult stress fractures
diagnosed viaMRI and/or a bone scan to
nondisplaced and completely displaced
fractures. Because of the variation in
fracture severity and displacement,
treatment methods ranged from activity
modification with protected weight-
bearing to closed reduction with intra-
medullary nailing to open reduction and
internal fixation with periarticular plates
and screws.

Patient Risk Factors
The large majority of fractures (83%)
occurred in female patients. Several
authors reported the presence of
decreased bone mineral density
among patients with periprosthetic
fractures37,45. Osteoporosis and oste-
openia, chronic kidney disease,
chronic corticosteroid use, and rheu-
matoid arthritis are other risk factors
that result in abnormal bone remodel-
ing, which may delay the resolution of
iatrogenic cortical defects created during
navigated pin placement34,40. Patients
with higher BMI have been reported to
have an increased risk of periprosthetic
pin-site fractures30,32,35,36,39. Although
Beldame et al.30 reported a higher mean
BMI (32.6 kg/m2) among patients with
periprosthetic pin-site fractures compared
with patients without fractures, the dif-
ference was not significant (p. 0.05);
however, that was likely due to the study
being underpowered as a result of its small
sample size. Our systematic review of the

literature also demonstrates that patients
with pin-site fractures had elevated BMIs
(averaging 31.9 kg/m2). Nevertheless,
because of the heterogeneity of the
includedcase series and thepreponderance
of case reports, it was not possible to cal-
culate a mean BMI for the patients with-
out fractures and thus make a direct
comparison.

Pin Location
The prevalence of femoral fractures in
the reviewed studies may reflect a bio-
mechanical difference in stress response
between the femur and tibia. The femur
experiences substantial torsional stress-
es, while the tibia is primarily stressed in
compression46. Increased torsional
stress may render the femur more sen-
sitive to cortical bone loss, therefore
lowering the fracture threshold46. Hipp
et al.47 reported that femoral torsional
resistance is significantly reduced with
even minimal cortical defects. In addi-
tion, the metaphyseal-diaphyseal junc-
tion of the femur is a transitional zone
that is highly susceptible to fracture46.
Over 82% of all fractures in the present
review occurred in the diaphysis.
Metaphyseal pin placement was rec-
ommended in 8 studies to reduce
the creation of stress risers in the
diaphysis29-31,36,39-41,43.

Five (17%) of the fractures
included in the present review were
metaphyseal. Three occurred in the
femur and 2, in the tibia. Authors
reported a distance from the joint line of
approximately 7.5 cm, indicating a
metadiaphyseal pin location40,41,45.
One study did not disclose the pin
location within the metaphysis29. The
findings may suggest that no fractures
involving a truly metaphyseal pin
placement have been reported. While
placement of tracking pins in the femo-
ral metaphysis may result in difficulty in
assessing patellofemoral kinetics because
of quadriceps tendon displacement, a
cadaveric study by Mihalko et al.48

found 1 or 2 metaphyseal pins to be
equally effective, according to kinematic
and load assessments, compared with
1 or 2 diaphyseal pins. Furthermore,

several studies also suggested the use of
coronally oriented pins to reduce frac-
ture risk by avoiding defects in the
tension-sided anterior cortex36,41. Jung
et al.45 reported an increased fracture
risk with pins along the anterior diaph-
ysis at the level of the femoral bow.
However, the ideal pin location, orien-
tation, anddistance from the joint line or
prosthesis are yet to be determined. The
risk of fracture should be weighed
against factors such as the need for
additional incisions and the potential
for metaphyseal pins to interfere with
the surgeon’s performance of the
procedure.

Pin Diameter and Path
Six studies suggested the use of small-
diameter pins rather than the standard
5.0-mmSchanz pins commonlyused for
external fixators29-32,39,43.However, the
ideal pin size is variable and often
dependent on both patient factors and
vendor hardware compatibility. Bonutti
et al.39 reported that a 5.0-mm pin re-
moves between 2.8 and 5.6 times as
much bone as a 3.0-mm pin does, when
placed unicortically and bicortically,
respectively. Kim31 biomechanically
compared torsional and compressive
stresses with the use of 3.0-mm versus
5.0-mm metadiaphyseal pins. He dem-
onstrated 10%, 10%, and 100% greater
maximum stresses with 5.0-mm pins
when placed unicortically, bicortically,
and transcortically, respectively. While
the effect of pin diameter on fracture risk
has been demonstrated in biomechani-
cal studies, the clinical studies included
in the present review reported fractures
with pins as small as 1.5 mm30.

Other authors have suggested that
the path of pin fixation is an important
variable with regard to fracture risk. In
the present review, 96.6% of fractures
occurred with the use of bicortical pins.
Four of the included studies recom-
mended avoiding bicortical pin
fixation31,39,41,43. Conversely, Kuo
et al.49 suggested that a single cortical
defect results in a stress concentration
similar to that of a bicortical defect of the
same dimension. Thomas et al.50

| Pe r i p r o s t h e t i c F r a c t u r e s T h r o u g h Tr a c k i n g P i n S i t e s F o l l o w i n g C omp u t e r Na v i g a t e d a n d Ro b o t i c TKA a n d UKA

6 JANUARY 2021 · VOLUME 9, ISSUE 1 · e20.00091



retrospectively reviewed 321 consecu-
tive CAN TKA patients and found
unicortical pins to be sufficient to pro-
vide stability of intraoperative trackers
while minimizing some of the compli-
cations of bicortical pin placement,
including neurovascular damage if the
pin penetrates substantially beyond the
far cortex51.However, there is a reported
increase in the risk of loosening and
registration malfunction for unicortical
pins, particularly in osteoporotic
bone40. Additional higher-powered
studies are needed to compare the risks
and benefits of unicortical versus bi-
cortical pin fixation.

Several of the articles reported
that retrospective reviews identified inad-
vertent transcortical pin tracks30,31,44,45.
Beldame et al.30 found that all 5 peri-
prosthetic fractures through tracking pin

sites in their series resulted from trans-
cortical pin tracks. Jung et al.44 noted
transcortical defects in both cases of
fracture, and suggested that transcortical
drilling results in larger bone defects that
may persist for.12 months. Radio-
graphically, bicortical pin tracks appear
as 2 distinct defects, whereas transcorti-
cal pin tracks appear as a single tunnel
(Fig. 3)44. Transcortical pins not only
remove a larger path of cortical bone,
but also result in higher drilling tem-
peratures and potential for thermal
necrosis44. Thermal necrosis from
transcortical pins has been hypothesized
as the primary cause of occult and non-
displaced fractures (Fig. 4)31,34,43,44.
Necrotic bone demonstrates delayed
bone remodeling and may prolong the
duration of susceptibility to fracture
after CAN or RA TKA31,44. The use of

self-drilling, self-tapping pins may

reduce the risk of thermal necrosis43.
Other reported risk factors for

pin-related fractures include multiple

drilling attempts, drilling close to a

second pin (also referred as “postage

stamping”), and drilling at a non-

perpendicular angle35,40,41.

Limitations
This is the largest systematic review, to

our knowledge, that includes every

reported case of pin-related fracture

followingCANandRATKA.However,

this study is not without limitations.

First, the small sample size of 29 cases

hindered a meta-analysis and further

statistical comparisons. Although all of

the periprosthetic fractures through

tracking pin sites that were available in

the literature were included, this rare

Fig. 3

Three different modes of pin penetration in
tubular bone. (Reproduced from: JungHJ, Jung
YB, Song KS, Park SJ, Lee JS. Fractures associ-
ated with computer-navigated total knee
arthroplasty. A report of two cases. J Bone Joint
Surg Am. 2007 Oct;89[10]:2280-4.)

Fig. 4

Computed tomography coronal andaxial slices
showing a prior transcortical diaphyseal pin
site.
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complicationmay be underreported due
to a lack of recognition of pin-related
failure. Second, since follow-up data
were only reported in 5 studies, and no
studies reported follow-up of.1 year,
long-term outcomes after this compli-
cation are unknown. However, similar
desirable results can be achieved after
periprosthetic fractures following TKA
and fractures through tracking pin sites
if proper and timely intervention is
performed52-55. Conversely, peri-
prosthetic tibial fractures predomi-
nantly affect elderly patients with
reduced bone quality and generally have
higher complication rates56,57. Third,
postoperative outcome measures varied
substantially among studies, with varia-
ble reporting of follow-up range of
motion, PROMs including pain scores,
and functional outcomes. The reporting
of fracture union was also variable, and a
mean time to union could not be
determined. Finally, all included articles
were Level-III, IV, or V evidence, with a
majority (65%) being case reports.
Although no Level-I or II studies exist
because of the low frequency of this
complication, the low level of evi-
dence and the risk of bias indicated
by the MINORS criteria limit the
overall strength of our conclusions
and the ability to make definitive
recommendations.

Conclusions
Surgeons should maintain a high index
of suspicion for pin-related fractures in
patients with ongoing leg or thigh pain
after CAN or RA TKA in order to avoid
fracture displacement and additional
morbidity. Therefore, in accordance
with the current literature, we recom-
mend avoiding transcortical pin place-
ment, as a cortical stress riser and
thermal necrosis increase the likelihood
of postoperative periprosthetic fracture
through the tracking pin sites. Placing
tracking pins perpendicular to the plane
of the bone and using self-drilling and
self-tapping pins may also decrease per-
iprosthetic fracture risk.However, given
the paucity of the current literature, we
are unable to provide recommendations

regarding unicortical versus bicortical
pin placement or patient risk stratifica-
tion based on weight, sex, or age.

Appendix
Supporting material provided by the
authors is posted with the online version
of this article as a data supplement
at jbjs.org (http://links.lww.com/
JBJSREV/A665).
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