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ABSTRACT
Background Fixation of diaphyseal tibial fractures by
plates is not considered the best option due to
complications that may eventually arise; however, if
principles of stability and proper surgical techniques are
used, it is possible to obtain fracture consolidation
without major risks.
Methods We conducted a cross-sectional observational
descriptive study by retrospectively analyzing medical
records of patients with diaphyseal tibial fractures that
were treated with plates from the period between June
2011 and June 2014 at San José and Susana López
Hospitals in the city of Popayan, Colombia. 3 treatment
groups were created and analyzed according to the type
of fracture (Association Osteosynthesis/Osteosynthesis
Trauma Association AO/OTA): group I: simple fractures
42A/B, absolute stability; group II: simple fractures 42A/
B, Minimally Invasive Plate Osteosynthesis (MIPO)
technique, relative stability; group III: multifragmentary
fractures 42C, MIPO technique, relative stability. A
descriptive analysis of patients, fracture consolidation
time, and complications in each group were performed.
Results 45 patients with tibial fractures treated with
osteosynthesis plates were analyzed. Group I: 14
patients, 42A (n=13) and 42B (n=1), had an average
consolidation time of 16.38 (SD=1.98) and 14 weeks,
respectively. In group II: 19 patients, out of which 18
achieved fracture consolidation (42A n=15 and 42B
n=3) with an average time of 17.4 (SD=3.33) and
17.3 weeks (SD=6.11), respectively. Finally, in group III:
12 patients all with 42C fractures with a consolidation
time of 16.86 (SD=2.93) weeks. The average fracture
consolidation time for all 44 patients was 16.86 weeks
(SD 2.93).
Conclusions Osteosynthesis plates are an alternative
to intramedullary nailing for diaphyseal tibial fractures
and their outcomes can be favorable as long as the
management of soft tissues and the proper principle of
stability are taken into account.
Level of evidence IV.

INTRODUCTION
From the beginning of the modern era of osteo-
synthesis, fixation plates constituted the first choice
for surgical treatment of fractures of the tibial
shaft.1 2 With the advent of intramedullary nailing
and due to postoperative problems associated with
fixation plates, which are essentially due to two
factors, very broad approaches were adopted to
expose the area of the surgery thus lacking coverage
of soft tissues of the tibia, leading to infection.
Hence, there was a non-consolidation in the affected
zone; the use of plates for the management of

diaphyseal tibial fractures went into a secondary role
and were relegated to epiphysial, proximal and
distal metaphyseal tibial fractures.3–7 However,
given our better understanding of fixation princi-
ples, the importance of soft tissue management and
the availability of new plate designs, osteosynthesis
plates have become a viable option for diaphyseal
tibial fractures once again.4–6 8 The aim of this study
is to present treatment outcomes of osteosynthesis
plates in diaphyseal tibial fractures according to the
characteristics of the fracture type, fixation prin-
ciple, and the careful management of soft tissue.

ETHICAL CONSIDERATIONS
Approval by the Ethics Committee (Internal
Review Board) was obtained prior to the start of
the study.

METHODS
A cross-sectional descriptive observational study
was conducted by retrospectively analyzing medical
records of patients with diaphyseal tibial fractures
who were treated surgically by osteosynthesis plates
during the period June 2011 to June 2014 at the
San José University Hospital (HUSJ) and Susana
López de Valencia Hospital (HSLV) in the city of
Popayan, Colombia.
We developed a data collection tool in which

variables such as age, sex, mechanism of trauma,
the Association Osteosynthesis/Osteosynthesis
Trauma Association (AO/OTA) Classification of
Fractures and Dislocations, type of fracture (open
or closed), time of fixing after admission, plate
type, length, number of screws used, consolidation
time, complications, and early fracture stabilization
times were recorded.
Patients with diaphyseal tibial fractures were

grouped according to AO/OTA classification.9 10

Also, depending on the condition of the tissue
found in open fractures they were further grouped
according to the Gustillo-Anderson classification
system.11

Groups were made according to the type of frac-
ture AO/OTA and the defined principle of stability:
group I: simple fractures 42A/B, open or closed
reduction, absolute stability; group II: simple frac-
ture 42A/B, closed reduction, Minimally Invasive
Plate Osteosynthesis (MIPO) technique, relative sta-
bility; group III: multifragmentary fractures 42C,
closed reduction MIPO technique, relative stability.
The first author participated in all surgical proce-

dures and radiographic follow-ups were performed
every 4 weeks. A fracture was considered consoli-
dated when a bone bridge was observed in one of
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the corticals in the anteroposterior and lateral projections and
when the patient could bear weight without pain. Simple frac-
tures were considered consolidated when the fracture was not
visible by radiography. Also, we defined consolidation as normal
when it occurred within the first 6 months. It was considered
delayed consolidation between 6 and 9 months and pseudoar-
throsis if it occurred longer than 9 months.

Surgical technique
All patients underwent surgery under conduction anesthesia and
received prophylactic antibiotic treatment with first-generation
cephalosporin for 24 hours. No tourniquets were used during
the procedure.

In order to achieve fracture reduction based on fracture
characteristics and required stability (absolute or relative) we
used: external fixators, femoral retractor and Shanz screws or
percutaneous clamps. Fracture reduction maneuvering or align-
ment was performed under close image intensifier monitoring
(figure 1).

For open fracture cases, we performed conventional manage-
ment, debridement and temporary external fixation (damage
control) in some cases as well as definitive fixation with a plate
in others.

The surgical technique for group I (absolute stability) consisted
of an anterolateral approach, careful dissection to the medial side
while preserving the periosteum, direct fracture reduction using a
needle-nose pliers and focal fracture compression with an

interfragmentary compression screw or with a fixation plate
(figures 1 and 2). Similarly, some cases in this group were per-
formed with closed reduction and interfragmentary compression
via the MIPO technique (figure 1).

Group II: simple fractures (MIPO-relative stability): Fracture
reduction was performed indirectly using a retractor or an exter-
nal fixator. This was performed through a distal incision of ∼3–
4 cm through which a previously molded plate was placed while
protecting the saphenous vein. Reduction and plate position
were subsequently verified via fluoroscopy. Screws were fixed
percutaneously and long implants and low-density screws were
used. Finally, skin closure was performed with 3-0 nylon suture
(figure 3).

Group III (multifragmentary fracture-MIPO-relative stability)
fracture reduction and fixation were performed similarly to
group II; however, screws were distributed near the fracture
focal point so that the working length corresponded to the area
of comminution (figure 4).

Rehabilitation was started the day after surgery and weight
bearing was restricted in all cases until the fourth week at which
point partial weight bearing was initiated with the help of
crutches. Total weight bearing was authorized depending on
clinical and radiographic evolution of the case.

Statistical analysis
We developed an Excel data collection file for collecting infor-
mation, recording and coding of the variables and a descriptive

Figure 1 Fracture reduction with absolute stabilization MIPO technique. (A) Closed reduction with percutaneous pinning of the fracture. (B)
Absolute stability of the fracture. (C) Bone healing. MIPO, Minimally Invasive Plate Osteosynthesis.

Figure 2 Open reduction and absolute stability. (A) Fracture and opened reduction. (B) Absolute stability and bone healing. MIPO, Minimally
Invasive Plate Osteosynthesis.
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statistical analysis was performed subsequently using statistical
software (STATAV.12). Nominal variables were analyzed for fre-
quencies and proportions with their respective 95% CIs; also,
continuous variables were analyzed for their distribution and
their averages were calculated with their respective SDs, as well
as their maximum and minimum values. Finally, a descriptive
analysis of consolidation time of each tibial fracture type studied
(AO42) in each respective surgical technique and stabilization
approach group was performed. In this study, a purely descrip-
tive statistical analysis was performed on the use of plates in dia-
physeal tibial fractures, and no comparison was made for
hypothesis test analysis that generated a p value, so it was not
the objective to perform a bivariate analysis and there was no
control group either.

RESULTS
Medical records from n=45 patients with diaphyseal tibial frac-
tures were analyzed. Thirty were operated at HUSJ and 15 at
HSLV, respectively.

The most common type of fracture was 42A (n=27). Five
patients in group I (n=20) and five patients in group III
(n=14) were stabilized subsequent to damage control of their
exposed fracture. Also, the average age of patients was consist-
ent with that of young working age adults and mostly men
(table 1).

The most common mechanism of injury was caused by motor
vehicle incidents in which motorcycle accidents were the most
frequent with 27 cases (n=45). Patients were operated between

4 and 10 days after the original trauma. Similarly, the right
lower limb was most commonly affected in 29 patients (n=45).

Relative stability with fixation plates was performed in 19
fractures in which non-complex fracture lines AO42.A and AO
42.B were included.

The plate type most commonly used was the Locking
Compression Plate (LCP); however, in most cases they were
used with conventional screws. LCPs with locking screws were
used in MIPO multifragmentary fractures (group III).

Plate length according to the number of holes in stabilization
techniques on groups II and III was on average 14 and 13 holes,
respectively, and the density of the screws had a rate of 0.4
screws/hole for the two groups analyzed.

Consolidation time was similar in all three groups (table 2)
and only one case of non-union was found.

Complications
One case in group II did not consolidate due to implant failure
at 6 months. Intramedullary nailing and bone grafting were per-
formed to achieve consolidation in this case. Three cases of
infection were observed, two of them in group II and one in
group III. All infections were treated and resolved by debride-
ment, surgical scrubbing and antibiotic treatment. Six patients
had varus or valgus deformities of <10°, but had no clinical or
functional presentation.

DISCUSSION
The surgical treatment of diaphyseal tibial fractures has been
usually performed using locked intramedullary nailing. This

Figure 3 MIPO technique relative stability simple fracture 42A. (A) Fracture and closed reduction. (B) Relative stabilization with plate and MIPO.
MIPO, Minimally Invasive Plate Osteosynthesis.

Figure 4 Indirect reduction by MIPO technique and relative stabilization using multifragmentary plate fracture 42C. (A) Complete fracture and
indirect reduction. (B) Stabilization with plate. (C) Bone healing. MIPO, Minimally Invasive Plate Osteosynthesis.
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treatment has shown high rates of consolidation with few com-
plications.12–14 Problems associated with the use of fixation
plates such as infection, osteosynthesis material exposure, and
delay in fracture consolidation have restricted their use.3–7 15

However, we find that the adequate understanding of fixation
principles, the proper management of soft tissues and the avail-
ability of new plate designs have yielded favorable outcomes in
the management of diaphyseal tibial fractures.4–6

In this study, the average consolidation of tibial diaphyseal
fractures that were part of the absolute closed stabilization
group for AO 42.A fractures were 16.4 weeks with a SD of 1.9
and for fractures AO 42.B was 14 weeks with a SD of 6.1.
The group of fractures AO 42.C was only MIPO and the con-
solidation time was 17 weeks with a deviation of 2.62. This
average consolidation is similar to that found in the work of
Fernandes et al,16 in which the average time of plates consoli-
dation was 16 weeks and nails was 20 weeks with a p 0.019
(Student’s t-test). Based on the above, it is stated that the
plates may have a shorter consolidation period. In addition,
the meta-analysis of Mao et al17 found no significant differ-
ence in the management of the fracture with nails or plates
both in the consolidation period and in the complications, and
similar results have been found in other studies.18–20 This sug-
gests that it is possible to obtain favorable outcomes in diaphy-
seal tibial fractures using plates and screws as long as careful
management of soft tissues is performed and the proper surgi-
cal technique is applied according to the selected principle of
stability.21 22

There were 10 open fractures in our group series (grade I
n=3, grade II n=7), all consolidated without complication with
the exception of one case mentioned previously, which required
a muscle flap. Clifford et al23 1 showed a series of 97 diaphyseal
tibial fractures that were treated with plates, with low incidence
of complications and recommended its use in grades I and II
open fractures based on the Gustillo system.

Nineteen patients with simple fractures were treated by means
of relative stability, a bridge plate and closed reduction by

MIPO technique, which provides biological advantages for con-
solidation.22 Long plates using an average of 14 holes with a
screw density of 0.4 were used to allow micromotion at the
focal fracture point and facilitate osteocallus formation. All
cases consolidated. Twelve patients with type C multifragmen-
tary fractures were also treated with long plates and in this
group the comminution area was left as the working length
area. Consolidation was achieved in all fractures in this group as
well. Most cases were resolved using conventional screws, and
locked screws were only used in cases of fractures extending
towards the metaphysis.

Gautier and Sommer24 highlight the importance of the
length of the plate, plate working length, and low screw
density when using bridge plate techniques for the purpose of
fracture consolidation. This same concept was applied to all of
our patients. Williams and Shenck25 presented a series of 20
cases of diaphyseal tibial fractures treated with blocking plates
with MIPO technique yielding excellent outcomes in 19
patients; findings that are consistent with our work. Other
authors like Hasenboehler et al26 have shown favorable results
from the use of plates in distal tibial fractures where intrame-
dullary nailing was contraindicated. He et al27 reviewed 11
publications in a meta-analysis comparing the use of intrame-
dullary nails with percutaneous plating in diaphyseal tibial frac-
tures and found no significant differences in the outcomes
between these two methods.

A weakness of our study is the small series of cases that were
available for review; however, our results support the notion
that it is possible to obtain a favorable outcome in diaphyseal
tibial fractures using plates and screws as long as careful man-
agement of soft tissues is performed and the proper principle of
stability is applied according to the fracture.21

This study results support the management of tibial fractures
42A with plates and also warrants future multicenter studies
under the conditions of a randomized clinical trial comparing
plates with intramedullary nailing, which will aid in treatment
decision-making for patients with diaphyseal tibial fractures.

Table 1 Patient demographics and fractures based on stabilizing method

Stabilizing method n

Type of fracture AO Age Sex

42.A 42.B 42.C �X (years) (Minimum–maximum) M F

GI: open absolute stability 14 13 1 – 38.6 (22–65) 10 4
GII: MIPO relative stability 19 15 4 – 31.9 (14–65) 15 4
GII: MIPO (multifragmentary fracture) relative stability 12 – – 12 36.8 (20–68) 11 1
Total 45 28 5 12 – – 36 9

GI, group I; GII, group II; GIII, group III; MIPO, Minimally Invasive Plate Osteosynthesis.

Table 2 Consolidation time in weeks based on surgical technique and type of fracture

Stabilizing method n

Type of fracture AO

42.A 42.B 42.C

�X SD n �X SD n �X SD n

GI: open absolute stability 14 16.38 1.9 13 14 – 1 – – –

GII: MIPO relative stability 18 17.4 3.3 15 17.3 6.1 3 – – –

GIII: MIPO (multifragmentary fracture) relative stability 12 – – – – – – 16.8 2.62 12

Total 44 28 4 12

GI, group I; GII, group II; GIII: group III; MIPO, Minimally Invasive Plate Osteosynthesis.
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CONCLUSION
Internal fixation of diaphyseal tibial fractures by plate fixation is
not often considered the treatment of choice due to complica-
tions that may eventually arise; however, osteosynthesis plates
are a viable alternative to intramedullary nailing and their out-
comes can be favorable if principles of stability, management of
soft tissues, and proper surgical techniques are performed
appropriately.

Contributors JMCS was involved in all surgical interventions described in this
work, the postoperative follow-up of the cases, formulation of the research question,
literature searching, taking photos, the analysis of the data and the writing,
correction and translation of this manuscript. JLO-R was involved in formulation of
the research question, literature searching, statistical analysis and data interpretation,
writing, correction and translation of this manuscript. ASD was involved in surgical
interventions described in this work, the postoperative follow-up of the cases, the
analysis of the data and the writing, correction and translation of this manuscript.

Competing interests None declared.

Ethics approval Hospital Susana Lopez de Valencia.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

REFERENCES
1 Rüedi T, Webb JK, Allgöwer M. Experience with the dynamic compression plate

(DCP) in 418 recent fractures of the tibial shaft. Injury 1976;7:252–7.
2 Johner R, Wruhs O. Classification of tibial shaft fractures and correlation with

results after rigid internal fixation. Clin Orthop Relat Res 1983;178:7–25.
3 Bilat C, Leutenegger A, Rüedi T. Osteosynthesis of 245 tibial shaft fractures: early

and late complications. Injury 1994;25:349–58.
4 Collinge CA, Sanders RW. Percutaneous plating in the lower extremity. J Am Acad

Orthop Surg 2008;8:211–16.
5 Madadi F, Eajaz A, Madadi F, Besheli LD, Sadeghian R, Lari MN. Adult tibial shaft

fractures-different patterns, various treatments and complications. Med Sci Monit
2011;17:CR640–5.

6 Lorich DG, Gardner MJ. Techniques of absolute stability: Plates. In: Rüedi TP,
Buckley RE, Moran CG, eds. AO principles of fractures management. 2nd edn.
Davos, Switzerland: Thieme, 2007:227–47.

7 Toms AD, McMurtie A, Maffulli N. Percutaneous plating of the distal tibia. J Foot
Ankle Surg 2004;43:199–203.

8 Miclau T, Martin RE. The evolution of modern plate osteosynthesis. Injury 1997;28:
A3–5.

9 Tan SLE, Balogh ZJ. Indications and limitations of locked plating. Injury
2009;40:683–91.

10 Marsh JL, Slongo TF, Agel J, Broderick JS, Creevey W, DeCoster TA, Prokuski L,
Sirkin MS, Ziran B, Henley B, et al. Fracture and dislocation classification
compendium—2007: Orthopaedic Trauma Association classification, database and
outcomes committee. J Orthop Trauma 2007;21(Suppl10):S1–133.

11 Müller ME, Koch P, Nazarian S, Schatzker J. The comprehensive classification of
fractures of long bones. Berlin: Springer, 1990.

12 Littenberg B, Weinstein LP, McCarren M, Mead T, Swiontkowski MF, Rudicel SA,
Heck D. Closed fractures of the tibial shaft. A meta-analysis of three methods of
treatment. J Bone Jt Surg 1998;80:174–83.

13 Bhandari M, Guyatt GH, Swiontkowski MF, Schemitsch EH. Treatment of open
fractures of the shaft of the tibia. J Bone Jt Surg Br 2001;83:62–8.

14 Larsen LB, Madsen JE, Høiness PR, Øvre S. Should insertion of intramedullary nails
for tibial fractures be with or without reaming? A prospective, randomized study
with 3.8 years’ follow-up. J Orthop Trauma 2004;18:144–9.

15 McMahon AJ, Wilson NI, Hamblen DL. Compression-fixation of long bone fractures:
problems and pitfalls revisited. Injury 1989;20:84–6.

16 Fernandes HJ, Sakaki MH, dos Santos Silva J, dos Reis FB, Zumiotti AV.
Comparative multicenter study of treatment of multi-fragmented tibial diaphyseal
fractures with nonreamed interlocking nails and with bridging plates. Clinics
2006;61:333–8.

17 Mao Z, Wang G, Zhang L, Zhang L, Chen S, Du H, Zhao Y, Tang P. Intramedullary
nailing versus plating for distal tibia fractures without articular involvement: a
meta-analysis. J Orthop Surg Res 2015;10:95.

18 Kundu IK, Datta NK, Chowdhury AZ, Das KP, Tarik MM, Faisal MA. Close
intramedullary interlocking nailing versus locking compression plating in the
treatment of closed fracture shaft of the tibia. Mymensingh Med J 2016;25:
495–9.

19 Bilgili F, Kılıç A, Sökücü S, Parmaksızoğlu AS, Çepni KS, Kabukçuoğlu YS.
Retrospective analysis of AO 42A-B type tibia fractures treated with percutaneus
locked plating and intramedullary nailing. Ulus Travma Acil Cerrahi Derg
2016;22:90–6.

20 Barcak E, Collinge CA. Metaphyseal distal tibia fractures: a cohort, single-surgeon
study comparing outcomes of patients treated with minimally invasive plating versus
intramedullary nailing. J Orthop Trauma 2016;30:e169–74.

21 Sonderegger J, Grob KR, Kuster MS. Dynamic plate osteosynthesis for fracture
stabilization: how to do it. Orthop Rev (Pavia) 2010;2:e4.

22 Perren SM. Evolution of the internal fixation of long bone fractures. The scientific
basis of biological internal fixation: choosing a new balance between stability and
biology. J Bone Jt Surg Br 2002;84:1093–110.

23 Clifford RP, Beauchamp CG, Kellam JF, Webb JK, Tile M. Plate fixation of open
fractures of the tibia. J Bone Jt Surg Br 1988;70:644–8.

24 Gautier E, Sommer C. Guidelines for the clinical application of the LCP. Injury
2003;34(Suppl 2):63–76.

25 Williams T, Schenk W. Bridging-minimally invasive locking plate osteosynthesis
(Bridging-MIPO): technique description with prospective series of 20 tibial fractures.
Injury 2008;39:1198–203.

26 Hasenboehler E, Rikly D, Babst R. Locking compression plate with minimally
invasive plate osteosynthesis in diaphyseal and distal tibial fracture: a retrospective
study of 32 patients. Injury 2007;38:365–70.

27 He GC, Wang HS, Wang QF, Chen ZH, Cai XH. Effect of minimally invasive
percutaneous plates versus interlocking intramedullary nailing in tibial shaft
treatment for fractures in adults: a meta-analysis. Clinics 2014;69:234–40.

Concha Sandoval JM, et al. Trauma Surg Acute Care Open 2017;2:1–5. doi:10.1136/tsaco-2016-000029 5

Open Access
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://tsaco.bm
j.com

/
T

raum
a S

urg A
cute C

are O
pen: first published as 10.1136/tsaco-2016-000029 on 18 M

arch 2017. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/S0020-1383(75)80002-7
http://dx.doi.org/10.1016/0020-1383(94)90125-2
http://dx.doi.org/10.5435/00124635-200007000-00001
http://dx.doi.org/10.5435/00124635-200007000-00001
http://dx.doi.org/10.12659/MSM.882049
http://dx.doi.org/10.1053/j.jfas.2004.03.005
http://dx.doi.org/10.1053/j.jfas.2004.03.005
http://dx.doi.org/10.1016/S0020-1383(97)90109-1
http://dx.doi.org/10.1016/j.injury.2009.01.003
http://dx.doi.org/10.1097/00005131-200711101-00001
http://dx.doi.org/10.2106/00004623-199802000-00004
http://dx.doi.org/10.1302/0301-620X.83B1.10986
http://dx.doi.org/10.1016/0020-1383(89)90146-0
http://dx.doi.org/10.1590/S1807-59322006000400010
http://dx.doi.org/10.1186/s13018-015-0217-5
http://dx.doi.org/10.5505/tjtes.2015.56956
http://dx.doi.org/10.1097/BOT.0000000000000530
http://dx.doi.org/10.4081/or.2010.e4
http://dx.doi.org/10.1016/j.injury.2003.09.026
http://dx.doi.org/10.1016/j.injury.2008.05.008
http://dx.doi.org/10.1016/j.injury.2006.10.024
http://dx.doi.org/10.6061/clinics/2014(04)03
http://tsaco.bmj.com/

	Management of diaphyseal tibial fractures by plate fixation with absolute or relative stability:. Aa retrospective study of 45 patients
	Abstract
	Introduction
	Ethical considerations
	Methods
	Surgical technique
	Statistical analysis

	Results
	Complications

	Discussion
	Conclusion
	References


