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Abstract

Background: Fractures of tibia shaft are most common of longebf@ractures. Proximal tibia fractures account for
approximately 5% to 11% of all tibial injuries aaffect knee function and stability in most of tleses. Higher rates of
malunion and increased incidence of associated lhoatipns have made these fractures particularbblamatic. In
recent years due to advancement in technique, rpedxtibia plating and multidirectional locked intnadullary nailing,
both have become widely used treatment modaliteproximal tibial metaphyseal fractures. This stuehs performed
to compare plating and nailing options in proxintddia extra-articular fracturesMaterials and methods: This
randomized prospective clinical study was conducie®2 skeletally mature patients with closed eattacular fracture
of the proximal tibia treated with proximal tibilicking compression plating (PTLCP) or intrameduyllaailing (IMN)

by expert surgeons at a tertiary trauma ceriResults: Postoperative hospital stay (p = 0.043), postoperamnfection
rate (p = 0.036) were significantly high in the RJR. group than in the IMN group, while rate of matum(p=0.041)
and nonunion(0.037) were significantly high in IMjoup than in PTLCP group. However there was narcdelvantage
of either technique in terms of functional recovefjknee.Conclusion: Present comparison of IMN and PTLCP for the
treatment of proximal one third tibia fracture stealno clear advantage of either technique. Presedy concluded that
both forms of treatment (IMN and PTLCP) provide quigte fracture stability.

Level of evidence: Level 2, randomized controllgalt

Keywords: Intramedullary nailing (IMN), Proximal tibial logkg compression plate (PLCTP), Proximal tibial extr
articular fractures, Prospective trial.

| ntroduction

Fractures of tibia shaft are most common of longebo to treat these complex fractures without the nemd f
fractures. Proximal tibia fractures account for  large surgical incision or threat of soft tissugpgting
approximately 5% to 11% of all tibial injuries aaffect and subsequent failure due to infection or nonuifisn

knee function and stability in most of the case. [1]  16]. The optimal method of surgical treatment for
Higher rates of malunion and increased incidence of fractures of proximal third tibial shaft remains
associated complications have made these fractures debatable. The purpose of present study is to coempa

particularly problematic [2]. Due to some recensiga the outcome of these two treatment modalities @nd t
changes in intramedullary nails and advancement in assess the ability of each modality to obtain and
adjunctive fixation techniques, popularity of IMM i maintain fracture reduction.

treatment of this fracture has been increased [3-8]
Similarly, development of percutaneous application Materials& Methods

technique of proximal tibial LCP has allowed sungeo The study was prospective randomized comparative

A , study. Cases satisfying the inclusion criteria dthdiin
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a period of 6 months, evaluated radio logically and
clinically with Tegner Lysholm knee scale [17] ati
outcomes were used for comparison. For the purpbse
present study, extraarticular proximal tibia wasircsl

as a region extending from the knee joint distdlly
times the medial to lateral joint width. This cdated
roughly to proximal 30% of the entire tibia [18]

Figure 1: Area showing proximal tibia

Patients included in the study were skeletally meatu

(age group 18-80 years) having closed Proximal one

third tibia extra-articular fracture, giving conseto
participate in the study with at least 6 month&ofelup.
Patients with intra-articular fracture, compound
fracture, pathological fracture or refracture, fuae
with vascular complications and contra lateral or
ipsilateral lower extremity injury that would
compromise function of knee, were excluded from the
study. After approval by institutional ethics committee
and informed consent, all patients were randomiztx
two treatment groups. Randomization was
accomplished by random table number by computer.
One group was treated by intramedullary nail while
other group was treated by proximal tibial L.C.P.

80 patients with proximal tibia fracture reportirg
Gandhi Medical College and Associated Hamidia

Hospital, Bhopal between December 2011 & December

2013 were treated with either intramedullary nail o
proximal tibial LCP fixation. In 4 patients intratiular
extension of fracture was found intra operatively,
whereas 14 patients had follow up of less than 12
months, these were excluded from the study. Firtally
present study comprised of 62 cases of proximaa tib
fracture.

Detailed clinical history of patient was taken and
clinical and radiological examination was done and
specially evaluated for skin condition, any effus&nd
haemarthrosis. In acute injury, proper pain managgm
and splintage was given. The fracture was classifie
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according to AO classification [19]. The estimated
blood loss, average operation time, intraoperative
complications were recorded.

All surgical procedures were performed by the skill
senior surgeons. All fixations were done under
tourniquet. The patient was positioned supine am th
operation table. Temporary anatomical reduction was
achieved by closed manipulation before nailing. An
incision by splitting patellar tendon extending rfro
lower pole of patella to tibial tuberocity was ustd
open the joint. The high nail entry point was taken
line with the shaft of tibia. Antero-posterior oredio-
lateral blocking screws were also used only in few
cases. In all the cases proximal tibia nail waslusehe
surgical wound closure was done in layers.

i

D

Figure 2: After injury (A), immediate postop (B), After

| year followup (C, D)

With similar preparation all PTLCP reduction and
length were achieved by linear manual traction pr b
application of femoral distracters. In some casgsno
reduction and internal fixation with PTLCP was done
while in few of cases were performed by minimally
invasive technique Reduction re-evaluated, undagen
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intensifier. When satisfactorseductiot was achieved, physiotherapy protocolwith full normal activity
plate was fixed with appropriate siserews Muscle, allowed after thequadricep power became 80% of the
fascia and skin closed in layers ovatrain contralateral side andradiologica union became

appreciable. All thepatient: followed similar protocol
for weight bearing anchobilization

Radiological evaluations used for study purpose
were-

Union- Bridging corticalbone on at least two cortices
combined with ability tdea full weight [16].

Nonunion - Failure oprogressiv radiological healing
over a four month period 2].

Malunion - Any angulamalreductiol > 5° or greater in
any plane [16]

Both the immediatgostoperativ and final follow up
radiographs werecompare for the accuracy of the
reduction and final alignmen measurement were
performed for frontal(valgus and varus) and sagittal
plane (flexion and extension deformities. The
measurement technique wascording to Freedman and
Johnson[20].The frontal plane normal value was
considered 0 degrewherea 8 degree was subtracted
from sagittal measuremetd allow for the posterior tilt
of tibia. The averages werecorded and comparisons
were then made withiranc between the IMN and
PTLCP groups.

All data were entered inte pro forma. The statistical
analysis was performed tan independent statistician
using the StatisticaPackag for the Social Sciences

D
Figure 3: After injury (A), immediate postop (B), Afte (SPSS version 22.08PSS Chicago, IL, USA). The

I year follow up (C,D) chosen level ofsignificanct was p < 0.05. The two

groups were comparedvith respect to age, sex,
operating time, hospitastay infection rate, fracture

union time, angulation ofhe fracture, and the knee
range of motion. Theparameter were compared

between the groups. pairec-sample t test was used for
the interval data (ageperatin( time, length of hospital

stay, fracture union timgyostoperativ angulation, and

functions of the knee).

Standard protocol for postoperatiamntibiotic check
dressing, physiotherapy and sutumemoval was
followed.. Follow up visits werglanne( at 2 weeks,
then monthly up to 12 months. Avery follow up,
patients were assessed clinically pain swelling, knee
range of motion, quadriceps strengthnctionally by
Tegner Lysholm Score [17Radiologica assessment
was done pre-operatively, immedigtestoperative and
at every follow-up. All the patient had similar

Results

Age incidence ranged from 19 to y@ar¢ with. The combined average age was 38.61sy€arer all M: F ratio in the
study was 9.33. Young male are mdmeolvec in outside, productive, high energgtivities so male more commonly
suffer from this fracture. In both throup both limbs were almost equally affected.batt the groups, RTA fallowed
by fall from height was the two mosbmmor modes of trauma. Majority of fractures werfetype A33 (41.93%, 13/31),
significant communition was preseint these types of fractures. Most of the casebatl the groups were operated
within ten days of injury.
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In most of the cases 96.77% (60/62) operative isne 2 hours. One case in each group required iin@me 2 hour.
According to this data, PTLCP fixation takes mdmeet than intramedullary fixation. There was no heblood loss in
any of the case, because all the fixations are dmaker tourniquet. Less blood loss occurred dunmigamedullary
nailing as compared to locking plate fixation. 8ther observations have been described in followaig.

Table 1: Data Description

Research Article

Parameters Group 1 Group 2 P value
Age(Average) 36.02 years 40.8 years 0.834
Sex
Male 30 26 0.964
Female 2 4
Side of limb affection-
Right 44% 53% 0.867
Left 56% 47%
Mode of trauma
Road traffic accident 24 26 0.307
Fall from hight 6 4
Assault 2 0
Other 0 0
Fracture type — extraarticular
41A2 8 6 0.563
41A3 24 24
Injury operation interval 7.4 days 7.06 days 0.805
(in days)
Average operative time 61.25 72.8 0.084
(in minnuts)
Open reduction None 47%
Blood loss (average) 50-100ml 100-150ml
Infection 2 5 0.036
Non union 4 2 0.037
D|sr|putlon of m_alunlon 4 5 0.041
anterior angulation
Posterior angulation 0

. 0
Valgus malunion 0 0
Varus malunion 2 0
Duration of hospital stay (Days) 11.3 19.1 0.043
Union time (Weeks) 16.2 18.1 0.762
Tegner lyshlom’s knee score 85 84 0.857

(Average)

Discussion

Proximal tibia extraarticular fractures often ocaumpeople belonging to young active age grouppriesent study, the
overall mean age was 38.61 years (range 19 to d&)yeSchultz M. et al [14] has shown mean age2ofehrs in their
study. While Cole, et al [9] have shown mean agéofears in their study90.3% of the patients in present study were
male and only 9.7% were females. Thus results efemt study were well similar with results of pomd studies

[9,14,18] .
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In present study, road traffic accident was foumdé the major cause of this fracture. In 80.6%hefcases, mode of
trauma was road traffic accident and in 16% ofdases, mode of trauma was fall from height whi2%3of the cases
had history of assault by hard and blunt objectidte previous studies have also shown similaritistion of mode of
injury [9,18] . Lindval E. et al [18] and Vidhyadh8&. et al [22] have also shown high prevalencél@3 in their study.
Most common type of fracture observed in presamdystvas 41A3. 77.41%. (48/62) patients in study 4343 type of
fracture while rest 22.59% (14/62) patients had 2type of fracture. 41A3 fractures represent sigaift communition
which requires a large amount force to occur.

In present study the average injury operation delay 7.23 days. In study of Cole et al [9] and iteel al [24] average
injury operation interval was around 7 days. Wislagh V.K. et a [24] Shown only 29 hour, as averaj&y operation

delay. Poor soft tissue condition, associated nadioesses, associated injuries, feasibility mplant and many other
factors were responsible for this delay in fixationpresent study. There is no significant datailakte in literatures

about the duration of surgery for both the treatnmodality. In present study, most of the fixatiomsre done within 2
hours. Proximal one third extraarticular fracturite fixed under tourniquet so no significant blolm$s occurred

intraoperatively. Probably because of this reasawst of the similar studies had not taken this petar for evaluation
Malunion of >8 in proximal tibial fractures, after fixation is Welocumented [7,18].

Table 2: Malunion ratein studieswith imn

Extra-articular proximal | Malunion .
Study tibia fractures (>5° degree) No. of cases malunion
16-apex ant.
Lange et al.[25] 32 23 13 valgus (6 with both plane)
Tornetta et al.[26] 30 7 4 apex ant.
3 coronal
Nork et al.[16] 30-33 3 1 varus
. 8 apex anterior
Lindvall et al.[18] 22 o 2 valgus (I with both plane)
Present study 16 3 2 apex anterior
1 varus
Table 3: Mal union ratein studieswith PTLCP
Extraarticular : 0 .
Study . - Malunion >5 No. of cases malunion
proximal tibia fracture
Cole et al.[9] 28 08 | valgus .
6 apex ant | apex posterior
Ricci et al.[13] 18 5 2 valgus 2 apex ant., 1 apex post
Lindvall et al.[18] 34 7 5 apex anterior with 1 varus, 2 apex
post.
Vidhyadhar S. etal.[22] | 45 7 4 apex anterior,
3 valgus
Present study 15 2 1 apex anterior
| varus

In present the pooled rate of malunion was greadter intra-medullary nailing (6/32; 18.75%) thdtea plating (4/30,
13.2%). There are some anatomical peculiaritieghef proximal one third tibia that are responsibbe the axial
deviations with intra medullary nailing. The proxhtibia is triangular. The antero-posterior width the tibia is
narrower on the medial side this encourage the ligataent in coronal plane. Anterior curvature mbdsament is
encouraged by a tibial plateau that is directedgumsly between 3° and 7° and also by the pulhef patellar ligament
inserted on to the tibial tuberosity [18]. Secodaral-alignment which is common after plating isapromoted by a
dorsally displaced axis of loading. Medial tiltimj the proximal fragment is created by a mediatigated axis of
loading. To avoid this complication in nailing ofoximal one third tibia shaft fracture, some spiec#dditional
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techniques can be used. These include, adjustagrbximal starting point [7], nailing in semiextid position [5],

using an adjuvant plate [8,28] and placing bloclsngew [6] before nailing. Both Ricci et al [13]jcaKrettak et al [28]

supported the clinical effectiveness of blockingege In Present study, in 18.75% (6/32) patient&adup |, blocking

screw was used. Only mediolateral blocking screwsewised in these patients while antero- postetamking screws

were not used in any of the cases. Number of aaisB@N fixation in which blocking screw is used fara very small

pool so its effectiveness cannot be proved stedikyi by present study. Other additional techniqiredude use of
transfixation pin distracter [28], percutaneousrga [17], temporary pinning for fracture manipwat{17] and use of a
nail with a more proximally placed Herzog curve][28 present study proximal tibial nail which hasnore proximally

placed Herzog curve, was used. To avoid these lcatipns in PTLCP fixation Oh C.W. et al [31] aded double

plating in highly unstable fracture. Bolhofner ¢{22] suggested use of composite fixation (latqriate with medial

external fixator) in patient with extraarticularopimal tibia fracture with varying degree of opameclosed soft tissue
injury. In present study only interfragmentary sesevere used as additional technique in 4/30 piatiehGroup II.

Many of the previously published reports on PTLGReéhdocumented similar malunion rates to recemtiesuon IMN

as a treatment modality of proximal one third eadtigular tibia fractures. But in present studyeraf mal union was
higher in Group | treated with IMN as compared e Group |l treated with PTLCP. 18.75% (6/32) cadegelop

malunion in Group | while only 13.2% (4/30) in Gmil develop malunion in followup. In treatment mfoximal one
third extra articular tibia fracture similar resulof high rate of malunion 36% (16/22) in casesitad by IMN as
compare to 15% (5/34) in cases treated by PTLCRistny comparative study of Lindvall et al.[18] Thstudy reported
that malunion is more prevalent in the sagittalnpldhan the coronal plane for both implants. Thigidings are
consistent with the present study findings. Higlion rates for both the modalities of fixation (IM&PTLCP) were
reported by various studies [7,8,10,11-15,22,26,28]

Table 4: Comparison of nonunion ratein various studies

Rate of Non-Union

Study
IMN Plate

Bhandari et al.[33]

3.51% (7/199)

1.35% (1/74)

Lindvall et al.[18]

23% (5/22)

6% (2/34)

Present study

12.5%(4/32)

6.6%(2/30)

In present study union rates for IMN of proximdial fractures was 87.5%% and 93.4% reported facGH. High
union rates were consistent with previously pulglshreports. Distraction, lack of cortical contaspft tissue
interposition, poor vascular supply, persistentiggade infection or excessive mal alignment afftheture site may be
the causative factors for nonunion after fixationpiatients treated with IMN, while soft tissue npigsition, persistent
deep high grade infection seems to be respongibladnunion in patients treated with PTLCP. Ovepalbled rate of
nonunion was low, with significant difference beemeintramedullary nailing (4/32) 12.5% and plat{2¢30) 6.6. Over
all mean union time was 17.15 weeks. Mean unior timGroup 1 was 16.2 weeks (range 14-24 weeksewhéan
union time in Group Il is 18.1 weeks (range 16-28els). Similar results were shown by various otsieidies
[22,23,28,34]. In various studies, infection ratasge from 0-8% for IMN and 0-6 % for PLP. Pressmidy found the
overall infection rate 11.29% (7/62). 6.25% (2/8a¥es in Group | developed infection in post opexgieriod while in
16.6% (5/30) of the cases developed infection.na case, of Group Il implant removal was done dugetrsistence of
infection and nonunion. In present study, the padotgte of infections after intramedullary nailingasv6.25% (2/32)
while after plating was (5/30) 16.6%. In other $tsd following results were reported for infections

Table 5: Comparison of infection rate in various studies

Study IMN Group PTLCP Group
Bhandari et al. [33] 2.5% 14%
Lindvallet al. [18] 28% 24%

Oh C W. etal. [31] - 0%

Present study 6.25% 16.6%
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Over all higher rate of infection in PTLCP groupynige attributable to large incision, soft tissuendge, shortcomings
in addressing these soft tissue injuries, additionanorbidities, or a lower threshold to returrthie operating room for
irrigation and debridement. In the view of vari@aiggeons when proximal fragment of the fracture slawt, it was
found difficult to achieve and maintain reductioartcularly with IMN. Various techniques like blaclg screw
placement, temporary pinning had to be used whesetkinds of fractures were dealt with IMN for stctory fracture
reduction. However in plating technique, placenanmultiple cancellous screws in various directi@amshe proximal
fragment helped in maintaining this short fragmienteduced position. Contrary to this scenario whtes proximal
fragment was longer, a longer plate had to be fedeto address the fracture as a consequence chwihe patients
developed symptoms like pain and irritation duéntpingment of soft tissue by hardware as well asdme previous
studies patient reported with breakage of platelaasening of screws which can be attributed toptlage, being a load
bearing device rather than a load sharing one.l&imdmplaints were encountered less often witlingasystem as was
supported by a study on primary stability of vasdarms of osteosynthesis in the treatment of fr&st of the proximal
tibia by Lindvall E. et al [18]. In various studie$ extra articular proximal tibia fractures treatsith IMN, full weight
bearing has ranged from 8-16 weeks depending upifracture location, fracture pattern and surgemference [18,
16]. Studies often state “weight bearing advancedoterated” but this does not accurately defineenviull weight
bearing actually occurred and therefore can't lmelue determine if either technique allow for earfull weight bearing
without implant failures. Unfortunately presentdsticould not document the benefit of either of titeatment modality
in this parameter.

Most of the patients 61.2% (19/31) of both the goahow good result on evaluating patient clinjcatid functionally
with Tegner Lysholm knee scale [17]. In Group 1,98 (20/32) and 60%, (18/30) in Group Il gave goesults in
follow-up. 12.5% patient of Group | show excelleasults whereas 13.3% (4/30) in Group |l show dgoglresults.
12.5% of the patients in Group | show fair resabscompared to 19.8% (6/30) cases which showedefsuits in Group
II. While 12.5 % of the cases in Group | showed p@sult as compare to 6.6% of cases with poortseesuGroup Il.
As per present knowledge none of the similar coatpar study used Lysohlm score to evaluate funatiamd clinical
outcome of the patient. In a study on intra medylfaxation of proximal tibia fracture by Vidhyadh&. et al.[22],
Lower Extremity Functional Score was used and ay&sxore of 96 (range 89-100% SD=3.4%) was foundhshow
excellent results in most of the cases. Singh \é#al.[24] in their study used Klemm and Bornerrsgp system and
shown excellent results in 73% of the patients. [&/Kim J.W. et al [34] used knee society score finohd excellent
results after fixation, in 76.7% of the patientshaproximal tibia fracture. It seems that presenty have shown results
inferior to these studies, however it is diffictdt compare the results as in different studiesebffit scores were used.
Average score in group | was 85 while in group #sw84 and the difference was insignificant statidlty. Functional
recovery of knee was found to be comparable witlh bloe implant. The present study had certain &tiohs such as:
Short sample size and multiple surgeons.

Conclusions

This prospective randomized comparative study Soft tissue damage. High grade of surgical skilis a
concludes that in treatment of proximal tibia extra  required to deal these fractures as fixation okipnal
articular fracture useof PTLCP and IMN gives one third extraarticular tibia fracture is techtiigca
comparable results. Use of PTLCP is associated with ~demanding surgery regardless of the implant.
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in functional outcome between IMN and PTLCP. To
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