European Journal of Orthopaedic Surgery & Traumatology (2025) 35:17

https://doi.org/10.1007/s00590-024-04126-y

ORIGINAL ARTICLE q

Check for
updates

Management of aseptic nonunions of bicondylar tibial plateau
fractures

Andrew M. Hresko'® - Mihir Dekhne?
Upender M. Singh3 - Michael J. Weaver?

- Phillip Grisdela Jr."® . Sravya Challa'® - Theodore Guild" -
- Derek Stenquist? - Arvind von Keudell**

Received: 5 August 2024 / Accepted: 26 October 2024
© The Author(s), under exclusive licence to Springer-Verlag France SAS, part of Springer Nature 2024

Abstract

Purpose Nonunion of bicondylar tibial plateau (BTP) fractures following open reduction internal fixation (ORIF) is rare but
challenging. We report a case series of aseptic BTP nonunions, approaches to treatment, and long-term outcomes.
Methods Retrospective case series of aseptic nonunion in operatively treated BTP fractures. Cases with deep infection prior
to arevision were excluded. Demographic, injury, and initial fixation characteristics were collected. Clinical course following
diagnosis of nonunion was reviewed. Revision operation characteristics, timing, and outcomes were recorded.

Results 13 patients with aseptic nonunion were identified from 508 BTP fractures. Mean (SD) follow-up was 5.2 years (4.6)
from the first revision operation for nonunion. Nine patients underwent revision ORIF, which led to union in 6/9 cases. Two
patients had total knee arthroplasty (TKA) performed as the initial revision operation for nonunion. One patient was treated
with bone grafting without revision of implants and one patient was lost to follow-up after diagnosis of nonunion. Three
patients subsequently had TKA performed following failed revision ORIF. In total 5/13 patients underwent TKA.
Conclusions Revision ORIF of aseptic nonunion of a BTP fracture often leads to successful union. However, TKA may be
utilized in select cases and at a higher rate than in primary tibial plateau fractures.

Keywords Bicondylar tibial plateau fracture - Nonunion - Revision surgery - Total knee arthroplasty

Introduction

Bicondylar tibial plateau (BTP) fractures are relatively
uncommon, accounting for between 18-39% of tibial pla-
teau fractures overall, yet are complicated injuries that pose
many challenges for surgeons [1]. They include substantial
bony disruption of the proximal tibia with complex fracture
patterns often involving multiple planes and are frequently
associated with severe injury to the soft tissue envelope
and important ligamentous structures [1, 2]. BTP fractures
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are typically treated with open reduction internal fixation
(ORIF) that may require multiple incisions and multiple
plates [3]. Goals of ORIF are to reestablish a congruent
articular surface and mechanical balance of the limb to
reduce the risk of post-traumatic arthritis.

Nonunion occurs in 1.9% of all fractures across all bones
regardless of treatment, though it can occur in up to 9% of
fractures in higher-risk bones [4]. Nonunion is most often
associated with diaphyseal fractures and fractures of vas-
cular watershed areas. Incomplete healing in metaphyseal
segments of long bones, such as the tibial plateau, occurs
less frequently due to the robust vascular supply in these
regions. High energy mechanisms and extensive soft tissue
injury — conditions often present in BTP fractures—are both
recognized as significant risk factors for the development of
nonunion [5]. An important step in management of nonunion
is to determine if infection is present as infected nonunions
require a greater number of surgeries and experience longer
time-to-union compared to aseptic nonunions. [6, 7]

Few cases of aseptic nonunion of BTP fractures have pre-
viously been reported in the literature and targeted treatment
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strategies are ill-defined. The purpose of this study was to
evaluate treatment for aseptic nonunion of BTP fractures.
We utilized a database of BTP fractures treated at two level
1 trauma centers to review the interventions employed
and post-operative outcomes for 13 aseptic BTP fracture
nonunions.

Materials and methods

A retrospective review of patients treated at two American
College of Surgeons (ACS) level 1 trauma centers was con-
ducted. All adult patients who were treated for a complete
articular bicondylar tibial plateau fracture (OTA/AO 41-C,
Schatzker V or VI) and underwent open reduction internal
fixation (ORIF) between January 1, 2001 and December 31,
2018 were identified from the electronic medical record. All
were treated by fellowship-trained orthopedic trauma sur-
geons. Patients were excluded from initial review if they
were age < 18 years at the time of injury or had < 6 months
follow-up from their initial ORIF. Generalized research con-
sent was obtained from all subjects at time of injury, and
approval was granted by the Institutional Review Board.
The records of 508 identified patients with bicondylar tib-
ial plateau (BTP) fractures were then reviewed for inclusion
in the current analysis. Patients were included if they were
found to have a nonunion after initial ORIF of the BTP frac-
ture. Nonunion was defined as a fracture that remained nonu-
nited after 6 months (182 days) as determined by the treat-
ing surgeon. Two patients who underwent revision ORIF at
earlier than 6 months were also identified. A patient who
had revision ORIF at 140 days was included as pre-revision
imaging revealed no callus formation on two subsequent
radiographs taken at intervals of at least 6 weeks. A patient
who underwent revision ORIF at 158 days was excluded as
there was not similarly sufficient imaging showing a lack of
callus progression prior to revision. Ten of the 13 patients
ultimately identified as having a nonunion had a CT scan
prior to diagnosis of nonunion and 4 had inflammatory
markers (erythrocyte sedimentation rate [ESR], C-reactive
protein [CRP]) measured prior to revision. Patients were
excluded if they had a diagnosis of a deep infection prior
to a revision operation. Deep infection included any of the
following occurring at any time after definitive ORIF: puru-
lent drainage from the surgical site, unexpected return to the
operating room for irrigation and debridement (I&D) with
positive surgical cultures, unexpected return to the operating
room for I&D with documented suspicion of deep infection
despite negative surgical cultures, or documentation of a
suspected deep infection treated with suppressive antibiotics.
Medical records of patients identified for inclusion were
further reviewed for the treatment course following diagno-
sis of nonunion including revision operations, post-operative
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complications following revision, and conversion to total
knee arthroplasty (TKA). Radiographs from the date of
diagnosis of nonunion and post-operative follow-up after
revision surgery were independently reviewed by 3 fellow-
ship-trained traumatologists for anatomic location of the
nonunion and evidence of union following revision opera-
tions. Images were also reviewed to determine if the nonun-
ion was single-planar or multiplanar.

Results

Thirteen patients with aseptic nonunion were identified from
508 treated BTP fractures. Injury information, initial man-
agement, and revision operations for each identified patient
are reported in Table 1. Mean (SD) follow-up was 5.6 years
(4.5) from injury and 5.2 years (4.6) from the date of the first
revision operation for nonunion (Table 2). Included patients
had a mean age of 53.9 years (13.4) at the time of injury. The
initial fixation construct included dual plating in 4 cases and
triple-plating in 1 case. Detailed patient, injury, and initial
treatment characteristics are reported in Table 3.

Characteristics and Treatment of Nonunion

Aseptic nonunions were found to occur at several loca-
tions within the tibia. Four nonunions involved the articular
surface, 6 were isolated to the metaphysis, 2 were at the
junction of the metaphysis and diaphysis, and 2 involved
the diaphysis as an extension of the tibial plateau fracture
(Table 4). Three nonunions were multiplanar, involving
multiple nonunited fragments. Two nonunions were associ-
ated with hardware failure. Among nonunions involving the
articular surface, 2 involved a single shear fragment in the
lateral tibial plateau and 2 were multiplanar with multiple
nonunited articular pieces. Among metaphyseal and meta-
diaphyseal nonunions, 3 involved a single oblique nonunion
line, 4 were transverse, and 1 was multiplanar. Nonunions
were first addressed operatively at a mean of 275.2 (106.2)
days following the initial ORIF for the index BTP fracture.

Revision ORIF was performed in 9 patients (Table 4).
This occurred at a mean of 272.0 (91.5) days following the
initial ORIF and involved a corrective osteotomy of the tibia
in 2 cases and use of autologous bone graft in 4 cases, 3
using iliac crest bone graft (ICBG) and 1 using a reamer-
irrigator-aspirator (RIA). Six patients treated with revision
ORIF went on to union, which was documented at a mean
262.7 (200.1) days (range 62-520 days) following revision
ORIF and 528.8 (235.1) days after the initial BTP fracture.
There were no cases of infection following revision ORIF
and all intraoperative cultures remained negative.

All three patients who did not achieve union after revision
ORIF were ultimately converted to TKA at a mean 684.0
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Table 3 Injury, Fracture, and Initial Surgical Fixation Characteristics

N

Mechanism of injury
Motorcycle crash
Motor vehicle crash
Pedestrian or cyclist struck
High-speed recreational (Skiing)
Fall—height
Fall—ground Level

N N = = = N

Polytrauma

Energy of mechanism
High
Low 5

OTA/AO Classification
41C1 1
41C2 1
41C3 10
Unknown 1

Schatzker VI 13

Right/Left 5/8

Open fracture
Gustilo 1
Gustilo 2
Gustilo 3A
Gustilo 3B
Gustilo 3C

Compartment syndrome

oo

Fasciotomy
Initial external fixation

Time from injury to ORIF (Days)* 2054

LD A B AN O NO O O N

Multiple plates

Supplemental soft tissue coverage
Split-Thickness skin graft 1
Gastroc flap 1
Anterolateral thigh flap 1

ORIF Open reduction internal fixation
2Denotes mean, standard deviation

nonunions went on to TKA. Patients successfully treated
with revision ORIF and those ultimately converted to TKA
both had prolonged clinical courses requiring 1-2 years of
treatment and close follow-up.

We identified 13 aseptic nonunions from a database of
508 BTP fractures, for a rate of 2.6%. Previous studies of
tibial plateau fractures have found varying nonunion rates.
Weaver et al. reviewed 140 BTP fractures that had a non-
union rate of 5%, but this included both septic and aseptic
cases [8]. Kugelman et al. reviewed all operative tibial pla-
teau fractures of any pattern at their institution and found a
nonunion rate of 0.7% [9]. In Ruffalo et al.’s study of BTP
fractures undergoing dual plating via 2-incision approaches,

there was an overall nonunion rate of 10% with 4.2% being
aseptic [10]. Despite the heterogeneity of these studies, it is
clear that nonunion — and especially aseptic nonunion —is a
relatively rare outcome of these complex injuries. A recent
systematic review of tibial plateau nonunion management
identified only 31 cases among eight studies that met inclu-
sion criteria, over half of which were high-energy, bicondy-
lar fractures. [11]

When aseptic nonunion did occur, it most often involved
fracture lines in the metaphysis or at the articular surface.
Though all included fractures were comminuted at the time
of injury, the majority of nonunions were uniplanar with a
single oblique or transverse nonunited fracture line in the
metaphysis or metadiaphysis. This is in accordance with the
unified theory of bone healing (BHN theory) proposed by
Elliott et al. in 2016 [12]. According to the BHN theory,
mulitfragmented fractures coalesce during healing, leaving a
single fracture line along the plane of highest strain; nonun-
ions occur when fixation does not adequately address shear
force and reduce strain in this plane [12]. Revision fixation
of nonunions should primarily aim to reduce strain along
the nonunion plane using lag screw fixation and stiff plates.

Revision ORIF is the preferred surgical strategy for the
majority of tibial plateau nonunions and should be per-
formed with adherence to well-established principles of
nonunion management. Nine of the 12 aseptic nonunions
treated surgically in our cohort underwent revision ORIF
as the initial intervention. Infection is a leading risk fac-
tor for nonunion and must always be considered [6, 9]. A
pre-operative white blood cell count (WBC), erythrocyte
sedimentation rate (ESR), and C-reactive protein (CRP)
should be obtained in all cases. Even if pre-operative test-
ing is not suggestive of infection, at least 5 intraoperative
cultures should be obtained. “Surprise” positive cultures
identifying latent infection have previously been reported
in up to 5% of patients with no pre-operative suspicion of
infection and 20% of patients with a risk factor for infection
[13, 14]. The nonunion and any associated deformity should
then be addressed. For nonunions of the tibial plateau, the
goals of reoperation are to achieve an anatomic reduction
of the articular surface, restore mechanical alignment of the
lower extremity, and provide sufficient stability to promote
bone healing [15]. Restoration of the mechanical axis may
require tibial osteotomy, which was performed in 2 patients
in our cohort at the time of revision ORIF. BTP fractures
are frequently high-energy injuries with extensive associ-
ated soft tissue injury. As such, BTP nonunions tend to be
atrophic and may require biologic augmentation to promote
bone healing. In this series, 4 patients had autograft bone
grafted to the nonunion site during revision ORIF. ICBG
was the preferred source of autograft, though RIA was alter-
natively used in 1 case. A previous randomized controlled
trial has shown equivalent rates of union when ICBG and

@ Springer
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Table 4 Characteristics, No
Management, and Outcomes of
Nonunion (N=13) Anatomic location of nonunion
Articular surface 4
Metaphysis 6
Meta-Diaphysis 2
diaphysis 2
Initial revision procedure
Revision ORIF 9
TKA 2
Bone grafting (No Hardware Revision) 1
None/lost to follow-up 1
Revision ORIF
Time (Days) from initial ORIF to revision ORIF (mean, SD) 272.0 (91.5)
Bone graft used in revision ORIF 4
Iliac crest bone graft (ICGB) 3
Reamer-Irrigator—Aspirator (RIA) Reamings 1
Tibial Osteotomy performed at revision ORIF 2
Achieved union at final follow-up 7
Time (Days) from revision operation to union (mean, SD) 812.4 (1466.0)
Time (Days) from injury to union (mean, SD) 1079.8 (1465.7)
Achieved union following revision ORIF 6

Time (Days) from revision ORIF to union (mean, SD)
Time (Days) from injury to union with revision ORIF (mean, SD)

Total Knee Arthroplasty (TKA)

262.7 (200.1)
528.8 (235.1)

TKA at any time following diagnosis of nonunion 5
TKA following revision ORIF 3

Time (Days) from revision ORIF to TKA (mean, SD) 684.0 (420.5)
TKA as Initial intervention for nonunion 2

Time (Days) from initial ORIF to TKA (mean, SD)

Components used

349.5 (187.4)

Femoral stem 4

Tibial stem 4

Proximal tibia replacing megaprosthesis 1
Constraint

Hinge 2

Constrained polyethylene 2

None

ORIF Open reduction internal fixation, TKA Total knee arthroplasty, /CBG lliac crest bone graft, RIA

Reamer—irrigator—aspirator

RIA are used in nonunion repair [16]. Stability is provided
by achieving as much compression across the nonunion site
as possible. Inherent throughout the procedure is careful soft
tissue handling and management of dead space to reduce the
risk of post-operative infection.

Revision ORIF resulted in successful union in 6/9 of
patients in this series. The most comprehensive prior study
of tibial plateau nonunions is the case series by Toro-Arb-
elaez et al., who reported on outcomes of 5 intra-articular
nonunions treated with revision ORIF. All 5 patients suc-
cessfully healed the nonunion site with mean time to union

@ Springer

of 12.8 weeks [17]. Comparatively, neither of the two
patients with articular surface nonunions undergoing revi-
sion ORIF in our cohort achieved union at final follow-up.
Among the 6 patients who did heal the nonunion, union
was documented radiographically at a mean 262.7 days
(37.5 weeks) following revision ORIF and 582.8 days
(83.3 weeks) following their initial injury.

There was high utilization of TKA among patients in
this series. Wasserstein et al. previously reported TKA rates
of 0.32%, 5.3%, and 7.3% at 2-, 5-, and 10-years follow-
ing tibial plateau fracture surgery. Bicondylar fracture was
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the strongest predictor of eventual TKA (hazard ratio 1.53)
[18]. Ochen et al. looked at long-term outcomes of bicon-
dylar tibial plateau fractures specifically and found even-
tual conversion to TKA in 3% [19]. The rate of TKA in our
cohort of BTP fracture nonunions was 5/13 cases. TKA for
failed revision ORIF was performed at a mean 684.0 days
(22.5 months) after the revision operation, a full year later
than those who had TKA as the first revision procedure after
diagnosis of nonunion. Given the frequency of TKA in this
population, patients with BTP nonunions may benefit from
early referral to an arthroplasty surgeon for consideration of
TKA to reduce the time to definitive treatment.

This study has several important limitations. As previ-
ously discussed, nonunion of a BTP fracture is a relatively
uncommon outcome and the size of this case series is there-
fore small. The number of included cases was further lim-
ited by our decision to exclude cases with documented deep
infection, as infection is a leading risk factor for the devel-
opment of nonunion. However, given the many additional
variables and interventions required to address infection in
the case of infected nonunion, these cases were excluded
to create a more comparable cohort. Despite the relatively
small size of this series, the 13 cases reviewed add a signifi-
cant number the sparse examples in the existing literature.
Additionally, no statistical comparisons were made between
cases of aseptic nonunion and BTP fractures that did not
experience this complication. We believe that the small size
of the nonunion cohort makes this group too heterogenous
for such comparisons to be meaningful or informative,
particularly in relationship to risk factors such as diabetes
and smoking. Finally, we were not able to include patient
reported outcome measures of function after treatment for
a BTP nonunion. Strengths of this study include the long
follow-up with mean 5.6 years, which allowed us to assess
for long-term outcomes including conversion to TKA. Limit-
ing cases to two institutions with a shared electronic medical
record allowed us to comprehensively assess the treatment
course for patients with this complex clinical problem.

Conclusion

BTP fractures are complex injuries. Aseptic nonunion is a
rare outcome requiring aggressive treatment strategies. Revi-
sion ORIF is the mainstay of treatment and was successful
in 6/9 of the cases in this cohort. After ruling out infection,
revision ORIF should focus on achieving an anatomic articu-
lar reduction, restoring mechanical alignment of the lower
extremity, and creating a stable construct. Rates of TKA
after aseptic nonunion are much higher than after primary
ORIF for bicondylar BTP fractures. Further research may
be helpful in determining which patients would benefit most
from TKA.

Funding No funds, grants, or other support was received.

Declarations

Conflict of interest The authors have no conflict of interest to declare
that are relevant to the content of this article.

Ethical approval Approval was granted by the Institutional Review
Board (IRB) at the primary treating institution.

References

1. Lee AK, Cooper SA, Collinge C (2018) Bicondylar tibial plateau
fractures: a critical analysis review. JBJS Rev 6(2):e4. https://doi.
org/10.2106/JBJS.RVW.17.00050

2. Thiirig G, Korthaus A, Frosch KH, Krause M (2023) The value
of magnetic resonance imaging in the preoperative diagnosis
of tibial plateau fractures: a systematic literature review. Eur J
Trauma Emerg Surg 49(2):661-679. https://doi.org/10.1007/
S00068-022-02127-2

3. Barei DP, Nork SE, Mills WJ, Coles CP, Henley MB, Benirschke
SK (2006) Functional outcomes of severe bicondylar tibial plateau
fractures treated with dual incisions and medial and lateral plates.
J Bone Joint Surg Am 88(8):1713-1721. https://doi.org/10.2106/
JBJS.E.00907

4. Mills LA, Aitken SA, Simpson AHRW (2017) The risk of non-
union per fracture: current myths and revised figures from a
population of over 4 million adults. Acta Orthop 88(4):434-439.
https://doi.org/10.1080/17453674.2017.1321351

5. Nicholson JA, Makaram N, Simpson AHRW, Keating JF (2021)
Fracture nonunion in long bones: a literature review of risk factors
and surgical management. Injury 52:S3-S11. https://doi.org/10.
1016/j.injury.2020.11.029

6. Nauth A, Lee M, Gardner MJ et al (2018) Principles of nonunion
management: state of the art. J Orthop Trauma 32(Suppl 1):S52-
S57. https://doi.org/10.1097/BOT.0000000000001 122

7. Haase L, Moon T, Burcke A et al (2023) Comparison of outcomes
and operative course between septic and aseptic nonunion in long
bones. Eur J Orthop Surg Traumatol 33(5):1929-1935. https://doi.
org/10.1007/S00590-022-03370-4

8. Weaver MJ, Harris MB, Strom AC et al (2012) Fracture pattern
and fixation type related to loss of reduction in bicondylar tibial
plateau fractures. Injury 43(6):864—869. https://doi.org/10.1016/J.
INJURY.2011.10.035

9. Kugelman D, Qatu A, Haglin J, Leucht P, Konda S, Egol K (2017)
Complications and unplanned outcomes following operative treat-
ment of tibial plateau fractures. Injury 48(10):2221-2229. https://
doi.org/10.1016/J.INJURY.2017.07.016

10. Ruffolo MR, Gettys FK, Montijo HE, Seymour RB, Karuna-
kar MA (2015) Complications of high-energy bicondylar tibial
plateau fractures treated with dual plating through 2 incisions. J
Orthop Trauma 29(2):85-90. https://doi.org/10.1097/BOT.00000
00000000203

11. Obana KK, Lee G, Lee LSK (2020) Characteristics, treatments,
and outcomes of tibial plateau nonunions: a systematic review. J
Clin Orthop trauma 16:143-148. https://doi.org/10.1016/J.JCOT.
2020.12.017

12. Elliott DS, Newman KJH, Forward DP et al (2016) A unified
theory of bone healing and nonunion. Bone Jt J 98B(7):884-891.
https://doi.org/10.1302/0301-620X.98B7.36061

@ Springer


https://doi.org/10.2106/JBJS.RVW.17.00050
https://doi.org/10.2106/JBJS.RVW.17.00050
https://doi.org/10.1007/S00068-022-02127-2
https://doi.org/10.1007/S00068-022-02127-2
https://doi.org/10.2106/JBJS.E.00907
https://doi.org/10.2106/JBJS.E.00907
https://doi.org/10.1080/17453674.2017.1321351
https://doi.org/10.1016/j.injury.2020.11.029
https://doi.org/10.1016/j.injury.2020.11.029
https://doi.org/10.1097/BOT.0000000000001122
https://doi.org/10.1007/S00590-022-03370-4
https://doi.org/10.1007/S00590-022-03370-4
https://doi.org/10.1016/J.INJURY.2011.10.035
https://doi.org/10.1016/J.INJURY.2011.10.035
https://doi.org/10.1016/J.INJURY.2017.07.016
https://doi.org/10.1016/J.INJURY.2017.07.016
https://doi.org/10.1097/BOT.0000000000000203
https://doi.org/10.1097/BOT.0000000000000203
https://doi.org/10.1016/J.JCOT.2020.12.017
https://doi.org/10.1016/J.JCOT.2020.12.017
https://doi.org/10.1302/0301-620X.98B7.36061

17 Page 8 of 8 European Journal of Orthopaedic Surgery & Traumatology (2025) 35:17
13. Mills L, Tsang J, Hopper G, Keenan G, Simpson AHRW (2016) 18. Wasserstein D, Henry P, Paterson JM, Kreder HJ, Jenkinson R
The multifactorial aetiology of fracture nonunion and the impor- (2014) Risk of total knee arthroplasty after operatively treated
tance of searching for latent infection. Bone Joint Res 5(10):512— tibial plateau fracture: a matched-population-based cohort study.
519. https://doi.org/10.1302/2046-3758.510.BJR-2016-0138 J Bone Joint Surg Am 96(2):144-150. https://doi.org/10.2106/
14. Olszewski D, Streubel PN, Stucken C et al (2016) Fate of patients JBJS.L.01691
with a “surprise” positive culture after nonunion surgery. J Orthop 19. Ochen Y, Peek J, McTague MF et al (2020) Long-term outcomes
Trauma 30(1):e19—e23. https://doi.org/10.1097/BOT.0000000000 after open reduction and internal fixation of bicondylar tibial pla-
000417 teau fractures. Injury 51(4):1097-1102. https://doi.org/10.1016/J.
15. Van Nielen DL, Smith CS, Helfet DL, Kloen P (2017) Early revi- INJURY.2020.03.003
sion surgery for tibial plateau non-union and mal-union. HSS J
13(1):81-89. https://doi.org/10.1007/S11420-016-9529-1 Publisher's Note Springer Nature remains neutral with regard to
16. Dawson J, Kiner D, Gardner W, Swafford R, Nowotarski PJ jurisdictional claims in published maps and institutional affiliations.
(2014) The reamer-irrigator-aspirator as a device for harvesting
bone graft compared with iliac crest bone graft: union rates and Springer Nature or its licensor (e.g. a society or other partner) holds
complications. J Orthop Trauma 28(10):584-590. https://doi.org/ exclusive rights to this article under a publishing agreement with the
10.1097/BOT.0000000000000086 author(s) or other rightsholder(s); author self-archiving of the accepted
17. Toro-Arbelaez JB, Gardner MJ, Shindle MK, Cabas JM, Lorich manuscript version of this article is solely governed by the terms of

DG, Helfet DL (2007) Open reduction and internal fixation of
intraarticular tibial plateau nonunions. Injury 38(3):378-383.
https://doi.org/10.1016/J.INJURY.2006.11.003

@ Springer

such publishing agreement and applicable law.


https://doi.org/10.1302/2046-3758.510.BJR-2016-0138
https://doi.org/10.1097/BOT.0000000000000417
https://doi.org/10.1097/BOT.0000000000000417
https://doi.org/10.1007/S11420-016-9529-1
https://doi.org/10.1097/BOT.0000000000000086
https://doi.org/10.1097/BOT.0000000000000086
https://doi.org/10.1016/J.INJURY.2006.11.003
https://doi.org/10.2106/JBJS.L.01691
https://doi.org/10.2106/JBJS.L.01691
https://doi.org/10.1016/J.INJURY.2020.03.003
https://doi.org/10.1016/J.INJURY.2020.03.003

	Management of aseptic nonunions of bicondylar tibial plateau fractures
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Characteristics and Treatment of Nonunion

	Discussion
	Conclusion
	References


