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Abstract
Background & Objectives: The tibia is the second longest bone of the body, located at medial side of
the leg. Among all the fractures in the body, tibia is the single largest bone that is commonly involved in
injuries. Owing to the increase in vehicular accidents and industrial mishaps, high velocity trauma
produces tibial fractures in increasing numbers. By its location and by being subcutaneous in most of its
length tibia fractures tend to be open very commonly. Due to its precarious blood supply and scanty soft
tissue coverage orthopedic surgeons around the world have been fighting infections and union problems.
Extra-articular proximal tibial fractures account for 5–11% of all tibial shaft fractures. This study was
performed to analyze nailing for proximal tibia extra-articular fractures.
Methods: In this study we studied results of expert tibia nail for extra articular proximal 1/3rd tibia
fractures. For this we have taken a sample size of 20 patients. The study period was from February 2017
and to September 2018. Patients were evaluated clinically and radiologically according to modified
KLEMM and Borner scoring at the interval of 6 weeks, 3 months, 6 months, 1 year and at yearly
intervals. The patients were followed up in the outpatient department. Patient follow up was for a
minimum of 6 months to a maximum of 24 months (2 years).
Results: There were 10 male and 10 female patients. The male to female ratio of our study population
was 1.2:1 having slight male predominance. In our study, patients were in the age group of 20-80 years
with the mean age being 38 years. 10 patients out of 20 belonged to 21-40 year age group. Both right and
left side were equally involved. Road traffic accident (75%) was most common mechanism of injury.
According to Modified KLEMM and Borner Scoring System 75% patients had excellent results and rest
25% had good results in nailing.
Conclusion: From this study, after counting the score with the KLEMM and Borner classification and
counting the average and SD value of all sample size and after getting the p value, it has been concluded
that expert nailing is better for extra articular proximal tibia fracture with good results and better
functional outcome.
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Introduction
Rising incidence of high velocity trauma due to motor vehicle accidents usually results in
fractures of long bones. The tibia is the most commonly fractured long bone in the body. Due
to its location, structural anatomy and sparse antero-medial soft tissue coverage the tibia is
exposed to frequent injuries. Open fractures are also common in tibia than any other long bone
in the body. Numerous treatment options exist for treating tibial fractures and good results
have been reported with both conservative and surgical methods. To reduce the complications
associated with conservative treatment, tendency towards operative management of tibial
fractures is in vogue. Various operative methods like open reduction and plating,
intramedullary nailing and external fixation [4-6], have their own indications, advantages and
disadvantages.
When the aim is stable fixation with early restoration of function without use of plaster,
intramedullary nailing, for internal fixation of diaphyseal and metaphyseal fractures of the
tibia, offers an attractive treatment option. Interlocking nail has widened the range of
indications for medullary osteosynthesis of tibial shaft fractures to include almost every type
of fracture.
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The major advancement in intramedullary nailing of proximal
tibial fractures was the introduction of modern implants like
the Expert Tibial Nail. In these new implants the interlocking
bolts can be introduced just below the tibia plateau, enabling
the surgeon to treat very proximal tibial fractures with
intramedullary nailing.
The Expert Tibial Nail System (ETNS) an intramedullary
nailing system is indicated for fractures in the tibial shaft as
well as for metaphyseal and certain intraarticular fractures of
the tibial head and the pilon fracture. In addition to the
standard static and dynamic locking options, the ETNS
features multi directional locking options in the distal and
proximal part of the nail. End cap blocks the most proximal
screw creating an angular stable construct.

Primary & pre-operative management
Patients satisfying the selection criteria were identified after
emergency management as per ATLS protocol in the casualty.
History taking, general examination and local examination
were conducted in the trauma care centre. Once stabilized,
relevant X-rays were asked for. Fractures were classified
according to AO classification.
Necessary investigations for surgical fitness were conducted.
Closed fractures with edema were splinted and regular calf
girth charting was done with oral proteolytic enzymes,
intravenous antibiotics and limb elevation. Surgery was done
after swelling subsided. The closed fractures were operated as
soon as the fitness for anesthesia was obtained. Open fractures
were dressed daily after primary thorough debridement. Once
the wounds healed surgery was planned.

Nail over plate
Nailing is minimally invasive technique compared to plating
so wound related complications like infection, pain, postoperative care is minimized.
Nailing is:
 Cosmetically better
 Less hospital stay
 Option to dynamize
 Less soft tissue injury
 No periosteal stripping

Surgery: All surgeries were done under image control on
plain table in supine position.
Anesthesia: Spinal/ EA/ Spinal + EA/ GA
Postoperative regime: The patient was immobilized with an
above knee posterior slab and care was taken to prevent
dependent edema of limb. Intravenous antibiotics were given
for first 3 days followed by oral antibiotics in closed fractures.
However in open fractures intravenous antibiotics were given
till trauma wound showed signs of healing. A post-operative
X-ray was advised when the patient could be shifted
comfortably, usually after 48 hours of surgery. Depending on
the post-operative fracture stability and pain tolerance of the
patient, quadriceps strengthening exercises, knee and ankle
mobilization exercises and non-weight bearing-crutch
walking were started. After suture removal between 10-15th
day, the patient was discharged with either partial or nonweight bearing-crutch walking depending upon the stability of
the fixation.

Objectives of study
 To observe the results of expert tibia nailing technique in
extra articular upper 1/3rd proximal tibia fractures
 To observe the final range of movement of knee and
ankle joints, weight bearing, union.
 To measure the union time for the fracture treated by this
method.
 To measure the rate of complication.
Methodology
Study design
In this study we compared the outcome and various other
aspects of treating the patients of extra articular proximal
1/3rd tibia fractures with expert tibia nail. For this we have
taken a sample size of 20 patients.
The patients in the study were included based on the
following selection criteria:

Data collection, follow-up & evaluation
Data related to demographics, mechanism of injury, details of
trauma, hospitalization detail, operation description, postoperative rehabilitation, complications, clinical and functional
outcome were collected during the period of hospital stay and
follow up visits in the OPD clinic. Follow up was conducted
regularly at the interval of 6 weeks, 3 months, 6 months, 1
year and at yearly intervals. The patients were followed up in
the outpatient department. Patient follow up was for a
minimum of 6 months to a maximum of 24 months (2 years).

Inclusion criteria
 The patient with injuries associated with fractures of the
tibia.
 Age limit: 18 years onwards
 Both male and female
 skeletally mature patients with:
1. Diaphyseal fractures of proximal one third of tibia
2. Extra articular metaphyseal fractures of proximal tibia
(simple, wedge or complex)
3. Segmental fractures of tibia or combination of these one
of which fracture lies in the proximal one third of tibia.

Modified KLEMM and borner scoring system
Rom Knee &
Muscle
ankle
atrophy
Excellent
4
3
Good
3
2
Fair
2
1
Poor
1
0
Excellent: 15 – 19
Fair: 5 - 9
Good: 10 – 14
Poor: 0 – 5
Final score

Exclusion criteria
 Patients with pathological fractures.
 Patients with fractures within 5 cm of articular surface of
the tibia were excluded
 Patients with intraarticular Extension of fractures
 Skeletally immature patients
 Grade IIIC open fractures

Alignment Pain Union
4
3
2
1

4
3
2
1

4
3
2
1

At the time of follow up a thorough clinical evaluation was
done for progress of union, healing of trauma wound and joint
stiffness. Once the fracture had shown early signs of union,
partial weight bearing was started on the injured limb. On
follow up the patients were evaluated clinically and
radiologically according to modified KLEMM and Borner
scoring.
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Statistical analysis: Descriptive statistical methods and
expression of results in terms of mean, chi-square test and
others using Microsoft excel software with significant p value
<0.05 were used for computation of data.
Results
We took 20 patients for study. There were 10 male and 10
female patients. The male to female ratio of our study
population was 1.2:1 having slight male predominance. In our
study, patients were in the age group of 20-80 years with the
mean age being 38 years. 10 patients out of 20 in nailing
belonged to 21-40 year age group. Both right and left side
were equally involved. Road traffic accident (75%) was most
common mechanism of injury. Mean injury surgery interval
was 36 hours. The average hospital stay for expert tibia
nailing was 12 days. In the present study, the average time
duration of surgery from positioning to final dressing was 139
minutes.
Anterior knee pain was the most common immediate
complication in 25% of the patients in this study. All these
patients also developed mild restriction of range of motion at
knee joint. 15% patients of nailing developed superficial
wound infection which healed with regular dressing. 30%
patients of plating patients developed superficial wound
infection in which 20% healed with regular dressing and 10%
patients needed debridement under anesthesia. 5% patient had
non-union of the fracture in nailing and 10% patients had nonunion of the fracture in plating.
According to Modified KLEMM and Borner Scoring System
75% patients had excellent results and rest 25% had good
results in nailing. In plating, 35% had excellent results, 55%
had good results and 10% had fair results.
Taking into consideration modified KLEMM and borner
scoring system and calculating the score at 6 week, 3 months
and 6 months with p value being significant at 0.005 covering
95% of the cases and controls the following results were
obtained.
Nailing
Follow up Period
SD mean
Average

1.5 months
2.62
5.65

3 months
2.34
9.65

6 months
1.82
15.55

P- Value
p value

0.1184

0.4997

0.00004479

At 1.5 months the p value was 0.118 which is higher than
0.05 so the study is insignificant. At 3 months the p value was
0.4997 which is more than 0.05 so study was insignificant.
But at 6 months the p value was 0.00004479 which was much
less than 0.05 so the study was significant at 6 months which
shows nailing has more advantages over plating.
Discussion
In recent years, the indications for use of the intramedullary
nail system were expanded to include the treatment of a wide

spectrum of tibial fractures. This new, multidirectional locked
intramedullary system involves multiple locking options in
different planes at the proximal ends. The system has an
angular stability locking system that enhances the axial and
lateral stability of the fracture fragments. Because of this
modified design, the new system has advantages over the
traditional tibial intramedullary nail in dealing with both
proximal tibial fractures. A biomechanical study showed that
the addition of two proximal oblique screws significantly
enhanced the stability of the intramedullary fixation construct
compared with the original approach to fixation as in
proximal tibia the medullary cavity is broad causing much
instability which involved the use of two transverse screws
fixation. In terms of varus – valgus and flexion – extension,
the appendage of oblique screws increased the angular
stability. In addition, there are 3 advanced distal locking
options in this new tibial intramedullary nail. The set-up
involved antero posterior locking option placed very distally,
which allowed for optimized bone purchase and prevented
damage to the soft tissue. These design modifications ensure
that angular stability is retained and angle-stable locking
reflects a potential to maintain fixation stability of distal tibia
fractures. All of these design modifications allow for better
fixation of metaphyseal tibial segments through multiple
interlocking holes in close proximity to either end of the nail.
The use of multidirectional interlocking screws ensures that
alignment can be maintained and that stability can be
preserved despite a short proximal segment. Non-unions are
important issues in the clinical treatment of tibial fractures.
A Prospective Cohort study with one and half year follow up
duration was taken up at a Tertiary Care Hospital and
Research institute in Surat in which the cases were defined as
adults having extra articular proximal one third tibia fracture
(open / close) and treated with close reduction and expert tibia
nailing. The aim of the study was to study the outcome of the
above mentioned modality of treatment.
The study lasted for one year and eight months starting from
February 2017 to September 2018. Total 20 cases were taken
for the examination during this period. As compared Ramesh
chand meena et al. study of Intramedullary nailing versus
proximal plating in the management of closed extra-articular
proximal tibial fracture: a randomized controlled trial took 53
patients divided into cases and controls which is comaparable
to our sample size of our study. Another study Ding-Chuan
Zhu et al. studied Comparison of closed reduction and expert
tibial nailing with open reduction and plate and screw fixation
in the treatment of two segmental tibial fractures with sample
size of 53 cases divided into cases and controls which is also
comparable to our study sample size.
These cases and controls were followed up in a prospective
manner and all findings and examination were noted at 1.5
months, 3 months and 6 months. They were evaluated on the
bases of KLEMM and Borner scoring system along with other
intra op and post op findings which could provide a useful
data of comparison of both treatment modalities.

Table 1: Different Comparative study of Nailing and Plating for proximal tibia fractures
Year

Study author

1995

[85]

Lang et al.

Total/nailing/plating
50/25/25

2003

Bhandari et al. [87]

24/12/12

2015

Ramesh Chand
meena et al. [90]

44/22/22

Study Topic
Comparison of closed reduction and expert tibial nailing with open reduction and
plate and screw fixation in the treatment of two segmental tibial fractures
Intramedullary expert nailing versus proximal plating in the management of closed
extra-articular shaft tibial fracture
Intramedullary expert nailing versus proximal plating in the management of closed
extra-articular proximal tibial fracture: a randomized controlled trial
~ 17 ~
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2009

Lindvall et al. [88]

39/20/19

1997

Beuhler et al. [89]

56/28/28

1995

Wiss et al. [86]

42/24/18

Intramedullary expert tibia nailing VS percutaneous Locked Plating of ExtraArticular Proximal Tibial Fractures
Intramedullary expert nailing versus proximal plating in the management of closed
lower 1/3rd tibial fractures.
Unstable fractures of the tibia treated with a reamed intramedullary interlocking nail.

The selection of cases was done by random method so that
any kind of selection bias could be avoided. Both cases and
controls were given appropriate and equal pre op, intra op and
post op due care.
In the present study, early weight bearing exercise was started
considering fracture pattern, bone and soft tissue condition.
As nail being a weight sharing implant, it also helps in
preventing regional osteoporosis. Initially partial weightbearing exercise (sole contact or up to 15kg) is started. Once
it was tolerated by patient, gradually load was increased on
fractured limb. In plating group, weight bearing was delayed
until signs of radiological and clinical union appeared. Early
weight bearing promoted callus formation and prevented
osteoporosis. Weight bearing exercise is essential for building
and maintaining healthy bones. In the present study, when
patients begin weight-bearing activities, fracture pattern,
fracture localization, the condition of the soft tissue and the
quality of the bone should be taken into account. The increase
in load is determined according to the fracture pattern and
localization, the condition of the soft tissue, bone quality as
well as the absence or presence of load-induced pain. The
concept of dynamization helped in the case of nailing in
preventing non-union.
A greater number of days in the hospital impose higher
healthcare costs and economic burdens to society. In the
present study, patients in group A had a significantly shorter
length of hospital stay, which would result in reduced
healthcare costs. Patients in both groups have achieved
satisfactory functional results. Notably, anterior knee pain
after nailing the tibia should not be ignored. The occurrence
of anterior knee pain is frequently associated with tibial
intramedullary nailing with an incidence reported to be
between 12% and 25% of cases. In the present study, 10%
patients experienced some degree of chronic knee pain. Screw
impingement was a major complaint in follow up cases of
nailing.
Wiss et al. [86] in their series documented proximal screw
backout in 3% of cases. In present study, implant failure was
due to screw back out, in which rate is much lower in nailing
as compared to plating in proximal tibia fractures. The
average intra-op blood loss was 125 ml in expert tibia nail.
There are total 15% in expert tibia nail that got infected. One
out of 20 i.e. 5% in nailing went into non-union. These rates
are comparable to below mentioned studies. The lower rates
of non-union in nailing can be attributed to less periosteal
damage and dynamic nature of nail.

modified KLEMM and Borner classification, there was no
significant difference noted in the outcome between cases and
controls whereas at 6 months the p value being significantly
lower, the null hypothesis was rejected and alternate
hypothesis of expert tibia nail leading to better outcome than
proximal tibia plating in upper one third extra articular tibia
fractures was accepted.
Strengths of study
 Randomization minimizing selection bias
 Tertiary care hospital with utmost and equal care to both
study groups
 Similar way of implant insertion
Drawbacks of study
 Less sample size due to study time limitation.
 Poor patient compliance in some cases like hygiene,
timely follow up and disobeying strict non weight
bearing for certain months
 Infection and co morbidities and other associated
fractures may hamper results
Recommendations
On the basis of the observation and the conclusions of the
study,
 Expert tibia nail being a comparatively newer modality of
treatment compared to plating and it needs to be studied
further with comparison group
Conclusion
From this study, After counting the score with the Klemm and
Borner classification and counting the average and SD value
of all sample size and after getting the p value, it has been
concluded that Multidirectional locked nailing may be
considered a better surgical option as it offers advantages in
terms of range of motion, blood loss, mean operating time,
hospital stay, full weight-bearing time and union time,
infection rate. There is no significant difference in patient’s
recovery at 1.5 and 3 months but it is proved that functional
outcome is better with nailing at 6 months. Nailing helps in
early recovery of patient’s functions with less non-union.
References
1. Harsha Kumar K. A study of the management of open
fractures of tibia by undreamed inter locking nail. Journal
of evolution of medical and dental sciences. 2015;
4(71):12428-12446.
2. Nicoll EA. Closed and open management of tibial
fractures. Clin orthop relat res. 1974; 105:144-53.
3. Sisk DT. External fixation: historic review, advantages,
disadvantages, complications and indications. Clinical
orthopaedics and related research. 1983; 183:180:55-22.
4. Brown PW, Urban JG. Early weight bearing treatment of
open fractures of the tibia. An end result study of 63
cases. J. bone and joint surg. 1969; 51-A:59-75.
5. Puno RM, Teynor JT. Nagano, Junji An Gustilo, R.B
critical analysis of results of treatment of 201 tibial shaft
fractures. Clin. Orthop. 1986; 212:113-121.
6. Bach AW, Hansen ST. Jr. Plates Vs external fixators in

Table 2: Comparison of Infection and Union rate of Different
Studies with our study
References
Bhandari et al. [87] nailing
Lindvall et al. [88] nailing
Beuhler et al. [89] nailing
In Present study

Infection%
2.5
28
0
15

Union rate%
96.5
77
92.9
95

The non-union rate is higher in plating cases than the expert
tibia nail cases.
After the completion of 6 months follow up of all 40 patients,
the data was analyzed which showed that according to
~ 18 ~

International Journal of Orthopaedics Sciences

7.

8.

9.

10.

11.

12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

severe open Ribial fractures. A randomized trial clinorthop. 1989; 241:89-94.
Ruedi T, Webb JK, Algower M. Experience with
dynamic compression plate (Dcp) In 418 recent fractures
of the tibial shaft. Injury. 1976; 7:252-257.
Smith JEM. Results of early and delayed internsal
fixation for tibial shaft fractures. A review of 470
fractures. J bone and joint surg. 1974; 56-B(3):469-477.
Klemm KW, Borner. Martin interlocking nailing of
complex fractures of the femur and tibia. Clin. Orthop
1986; 21:89-100.
Holbrook JL, Swiontkowski MF, Sanders. Roy treatment
of open fractures of the tibia shaft: ender nailing vs
external fixation. A randomized, prospective comparison.
J. bone and joint surg. 1989; 71-A:1231-1238.
Fredrick M, Marek MD. Treatment of fractures of shaft
tibia by interamedullary fixation with lottes’ nail. The
American journal of surgery. 1956; 91(2):204-210.
Wiss DA. Flexible medullary nailing of acute tibial shaft
fractures. Clin orthop. 1986; 212:122-132,
Rhinelander Fw. Tibial blood supply in relation to
fracture healing. Clin Orthop. 1974; 105:34-81.
Leuning M, Hertel R. Thermal necrosis after tibial
reaming for intramedullary nail fixation. J bone joint surg
(Br). 1996; 8-B:584-7.
Bone LB, Johnson KD. Treatment of tibial fractures by
reaming and intramedullary nailing. J bone and joint
surgery. 1986; 68-A:877-887.
Xue D, Zheng Q, Li H Qian S, Zhang B, Pan Z. Reamed
and undreamed intramedullary nailing for the treatment
of open and close tibial fractures: a subgroup analysis of
randomized trials. Int orthop. 2010; 340(8):1307-13.
Cordero J, Munuera L, Folgueria MD. Influence of metal
implants on infection: an experimental studies in rabbits.
J Bone Joint Surg Br. 1994; 76:717-20.
Stig Brorson management of fractures of the humerus in
ancient Egypt, Greece and Rome: an historic revire. Clin
Orthop relat res. 2009; 467(7):1907-1914.
Asif Ilya Tibial. Shaft Fractures Saqib Rehman Jesse B;
M D Jupiter In: Contemporary surgical management of
fractures and complications 1st edition Jaypee Brothers
medical pub. 2014, 242-52.
Daunton C, Kothari S, Smith L, Steele D. A history of
materials and practices for wound management. Wound
pract res. 2012; 20:1748-6.
Michel Worboys Joseph Lister and the Performance of
Antiseptic Surgery. Notes Rec R Soc Lond. 2013;
67(3):199-209. Published Online 2013.
Bong Methew R, Koval Kenneth J, Egol A. The history
of intramedullary nailing. Bulletin of the NYU hospital
for joint diseases. 2006; 64(3, 4):94-97
Hey Groves E. Ununited fractures with special reference
to gunshot injuries and the use of bone grafting. Brit J
Surg. 1931; 6:203-247.
Smith-Peterson MN Intracapsular fractures of the neck of
the femur. Treatment by internal fixation. Arch Surg.
1931; 23:715-759
Rush LV, Rush HL. Technique for longitudinal pin
fixation of certain fractures of the ulna and of the femur.
J Bone Joint Search. 1939; 21:619-626
Kuntscher G. Die Marknalung Von Knochenbruchen.
Langenbecks. Arch Klin Chir. 1940; 200:443-455
Gakuu LN. Comprehensive global evolution of
intramedullary nailing of diaphyseal fractures. East
African Orthopaedic Journal. 2009; 3:36-39.

28. Westerborn A. Marrow Nailing of Recent Fractures and
Pseudoarthritis: Report of 28 Cases. Acta Chir Scand.
1944; 90:89.
29. Soeur R. Intramedullary Pinning of Diaphyseal Fractures.
J Bone Joint Surg. 1946; 28:309.
30. Street DM, Hansen HC, Brewer BJ. The Medullary Nail.
Presentation of a New T, Hansen HC, Brewer BJ. The
Medullary Nail. Presentation of a New Type and Report
of 4 Cases. Arch Surg. 1947; 35:423.
31. Lottes JO. Blind nailing technique for insertion of the
triflange medullary nail: report of three hundred nailing
for fractures of the shaft of the tibia. J am med assoc.
1954; 105:53-66.
32. Lottes JO. Medullary nailing of the tibia with the
triflange nail. Clin Orthop Relat Res. 1974; 105:53-66.
33. Fischer AW, Maatz R. Weitere Erfahrungen Mit Der
Marknagelung Nach Kuntscher. Arch Klin Chir. 1942;
203:531.
34. Modny MT, Bambara J. The Perforated Crutiate
Intramedullary Nail: Preliminary Report of Its Use in
Geriatric Patients. J Am Geriatr Soc. 1953; 1:579-588.
35. Modny MT, Lewert AH. Transfixion Intramedullary
Nail. Orthop Rev. 1986; 15:83-88.
36. D’aubigne RM, Maurer P, Zucman J, Masse Y. Blind
Intermedullary Nailing for Tibial Fractures. Clin Orthop
Relat Res. 1974; 105:267-275.
37. Grosse A, Kempf I, Lafforgue D. Treatment of
Fragments, Loss of Bony Substance and Pseudoarthrosis
of Femur and Tibia Using Screw Fixation (40 Cases).
38. Kempf I, Grosse A, Beck G. Closed Locked
Intramedullary Nailing. Its Application to Comminuted
Fractures of The Femur. J Bone Joint Surg Am. 1985;
67(5):709-720
39. Klemm K, Schellamann WD. Dynamic and Static locking
of the inteamedullary nail. Montasschr unfallheigked
versicher versorg verkehsrmed.
40. Rhinelander SW. Fractures of Lower Extremity - Tibia
and Fibula Editors Robert Bucholz W, James Heckman
D. Charles Court – Brown. Rockwood and Green
Fractures in Adults. 6th Edition. Lippincott Williams and
Wilkins, 1.
41. Robert Bucholz W. Rockwood and green’s fractures in
adults. Editors James Heckman D Charles court brown 6th
edition. Lippincott Williams and Wilkins.
42. Bone LB, Johnson KD. Treatment of tibial fractures by
reaming and intramedullary nailing. J bone joint surg Am
1986; 68 877-287
43. Cohn BT, Bilfield L. fatigue fracture of a tibial
interlocking nail. Orthopaedics. 1986; 9(9):1215-1218
44. Olerud, Swen Karlstrom. Goran the spectrum of
intramedullary nailing of the tibia. Clinical orthopaedics
and related research. 1986; 212:101-112
45. Hooper GJ, Keddell RG, Penny ID. Conservative
Management or Closed Nailing for Tibia Shaft Fractures.
A Randomised Prospective Trial. J Bone Joint Surg.
1991; 73B:83-85
46. Whittle AP, Taylor CJ. Treatment of open fractures of the
tibial shaft with the use of interlocking nailing without
reaming. J Bone Joint Surg (Am). 1992; 74:1162-1171
47. Henley MB, Chapman JR. Comparison of Undreamed
Tibia Nails and External Fixator in the Treatment of
Grade 2 and Grade 3 Open Tibia Fractures. J Orthop
Trauma. 1994; 19:143-144
48. Schemitsch EH, Kowalski MJ, Swiontkowski MF et al.
Cortical Blood Flow in Reamed and Undreamed Locked
~ 19 ~

International Journal of Orthopaedics Sciences

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

Berlin Heidelburg Springer – Verlag, 1984, 10-11
66. Rojczyk M. Anwendungsmoglichkeiten Von Epigard Bei
Offenen Frakturen. In Weller S, Weiss K, hopf kh
moglichkeiten der temporaren wunddeckung. godecke ag,
abt meditechnika, freiberg 1985, 79-88.
67. Rigmor Taxhammar. Christopher Colton Ao/Asif
Instruments And Implants: A Technical Manual Ed 2
Berlin Hiedelberg New York Springer 1994, 310-320
68. Gustilo, Ramon, Mendoza, Rex M, Williams, David.
Problems in the Management of Type 3(Severe) Open
Fractures: A New Classification of Type 3 Open
Fractures. Journal of Trauma-Injury Infection and Critical
Care. 1984; 24(8):65-78
69. Cui Z, Yu B, Xu C, Li X, Song J. Undreamed
Intramedullary Nailing Versus External Fixation For
Type 3A And 3B Open Fractures Of Tibial Shaft: A
Subgroup Analysis Of Randomized Trials. J Nov
Physiotherapy. 2013; 3:144-152
70. Muharrem Inam, Mehmet Halici, Irfan Ayan, Mehmet
Tuncel, Sinan Karaoglu. Treatment of type 3a open
fractures of tibial shaft with lilzarov external fixator vs un
reamed tbial naling. arch orthop trauma surg 2007;
127:617-623.
71. Rhinelander FW. Effects of Medullary Nailing on the
Normal Blood Supply of Diaphyseal Cortex. AAOS
Instructional Course Lectures. St Louis C.V Mosby Co
Instr Course Lect. 1973; 22:161-183.
72. Klein MP, Rahn BA, Frigg R, Kessler S, Perren SM.
Reaming Versus Non-Reaming In Medullary Nailing.
Interference with Cortical Circulation of the Canine
Tibia. Arch Orthop Trauma Surg. 1990; 109:314-6.
73. Kesseler SB, Hallfeldt KK, Perren SM, Schweiberer L.
The Effects of Reaming and Intramedullary Nailing On
Fracture Healing. Cln Orthop 1986; 212:18-25.
74. Sergeant ID, Lovell M, Casserley H, Green AD. The AO
Un Reamed Tibial Nail: A 14 Month Follow Up of the
1992 TT Experience. Injury. 1994; 25:423-5.
75. Hoaglund FT, States Jd. Factors Influencing the Rate of
Healing In the Tibial Shaft Fractures. Surg Gynecol
Obstet 1967; 124:71-8.
76. Behrens F, Comfort TH, Searls K, Denis F, Young JT.
Unilateral External Fixations for Severe Open Tibial
Fractures. Preliminary Report of a Prospective Study.
Clin Orthop. 1983; 178:111-20.
77. Green SA. Complications of external skeletal fixation.
Clin orthop 1983; 180:109-16.
78. Melcher GA, Claudi B, Schlegel U, Perren SM, Printzen
G, Munzinger J. Influence of Type of Medullary Nail on
The Development of Local Infection. An Experimental
Study and Slotted Nails in Rabbits. J Bone Joint Surg Br
994; 76:955-9.
79. Cordero J, Munuera L, Folgueira MD. Influence of Metal
Implants on Infecton. An Experimental Study in Rabbits.
J Bonr Joint Surg Br 1994; 76:717-20.
80. Gustilo RB, Anderson JT. Prevention of Infection in the
Treatment of One Thousand and Twenty-Five Open
Fractures of Long Bones; Retrospective and Prospective
Analysis. J Bone Joint Surg Am. 1976; 58:453-8.
81. Jermo A, Toivanen K, Olli Vaisto Bm, Pekka Kannus,
Kyosti Latvala, Seppo E Honkonen et al. Anterior Knee
Pain After Intramedullary Nailing of Fractures of The
Tibial Shaft A Prospective Randomized Study
Comparing Two Different Nail-Insertion Techniques.
The journal of bone and joint surgery. 2002; 84A(4):580-85.

Intramedullary Nailing: A Fractured Tibia Model in
Sheep. J Orthop Trauma. 1994; 8(5):373-82
Giannoudis PV, Furlong AJ, Macdonald da, smith rm.
reamed against undreamed nailing of the femoral
diaphysis; a retrospective study of healing time. Leeds
UK injury Journal. 1997; 28(1):15-18
Keating JF, Blachut PA, O’Brien PJ, CM. Court-brown
reamed nailing of gustilo grade-3b tibia fractures. J bone
joint surg (Br) 2000; 82-B:1113-1116
Brumback RJ, Ellison TS, Poka A, Bathon GH, Burgess
AR. Intramedullary Nailing of Femoral Shaft Fractures.
Part 3: Long- Term Effects of Static Interlocking
Fixation. J Bone Joint Surg Am. 1992; 74(1):106-112
Krettek C, Rudolf J, Schandelmaier I, Guy IB.
Kiinemann and H. Tscherne un Reamed Intramedullary
Nailing of Femur Shaft Fractures. Operative Technique
and Early Clinical Experience with The Standard
Locking Option Injury: International Journal of The Care
of Te Injured. 1996; 27(4):233-254.
Gregory Paul, Sanders Roy. The treatment of closed,
unstable tibial shaft fractures with un reamed interlocking
nails. Clinical orthopaedics and related research. 1995;
31:48-55.
Bhandari M, Gordon H, Guyatt Swiontkowski MF,
Sheimitch EH. Treatment of Open Fractures of the Shaft
of the Tibia. J Bone Joint Surg (Br) 2001; 83:62-68.
Dr. Gopinath P. Reamed or un Reamed Nailing in Open
Fractures of The Tibia – Current Concept. J
Orthopaedics. 2005; 2(3)El:38-42.
Jain V Aggrawal, Mehtani A, Jain P, Gerg V, Dhaon BK.
Primary Un Reamed Intramedullary Nailing In Open
Fractures Of Tibia. Indian J Orthop 2005; 39:30-32.
Vaisto O, Toivanen J, Kannus P, Jarvinen M. Anterior
knee pain after intramedullary nailing of the fractures of
the tibial shaft. An eight year follow up of a prospective
randomized study comparing two different nail-insertion
techniques. J trauma, 2008.
Vishwanath Yaligod, Girish H Rudrappa Srinivas
Nagendra, Umesh M Shivanna. Minimizing the
Complications of Intramedullary Nailing for Distal Third
Tibial Shaft and Metaphyseal Fractures J Orthop. 2014;
11(1):10-18.
Guanshu Yu, Lin Yambin, Wang Yu, Zhinqing Xu.
Reamed or Un Reamed Intrmedullary Chandra Cp, Rao
Kcs, Reddy AK. A study on internal fixation of
compound fractures of tibia using interlocking nail
without reaming. J evolution med dent sci. 2016; 5:27972800.
Hilton TL, Kruger N, Wiese KR, Martin CW, Maqungo
S. Gunshot Tibia Fractures Treated with Intramedullary
Nailing. A Single Center Retrospective Review. SA
Orthop J. 2017; 16(1):32-38.
Henry Gray. The Tibia Warren H Lewis. Anatomy of the
human body. 20th Ed. Philadelphia: lea and febiger. 1918,
1219-1247.
Dr. Arun Pal Singh. Tibia Anatomy and Attachments.
Boneandspine. Com
Patrick J Kelly, George E Nelson, Lowell F a Peterson,
Arther H Bulbulian. The Blood Supply of Tibia. Mayo
Clinic and the Mayo Foundation, Graduate School,
University of Minnesota, Rochester, Minnesota.
Williams, Peter and Warwick Roger Osteology of Tibia.
Henry Grey In: Gray’s Anatomy 36th Ed. Great Britain
Churchill Livingstone 1980, 397-404
Tscherne H et al. Fractures with Soft Tissue Injuries
~ 20 ~

International Journal of Orthopaedics Sciences

82. Ayed A, AI Shahrani, Jaya Shankar Tedla, Irshad
Ahmad. Effectiveness of Illizarov Frame Fixation on
Functional Outcome in Aseptic Tibial Non-union Cases
At Abha, Kingdom Of Saudi Arabia: An Experimental
Study. Journal of Taibah University Medical Sciences
20125; 10(2):216-221. Depuy synthes. Officiall website.
83. Lang GJ, Cohen BE, Bosse MJ, Kellam JF. Proximal
third tibia shaft fractures should they be nailed? Clin
Orthop 1995; 315:64-74.
84. Wiss DA, Stetson WB. Unstable Fractures of the Tibia
treated with a Reamed Intramedullary Interlocking nail.
Clin Orthp. 1995; 315:56-63.
85. Bhandari M, Audige L, Ellis T. Operative treatment of
extraarticular proximal tibial fractures. J Orthop
Trauma. 2003; 17(8):591-595. Doi: 10.1097/00005131200309000-00013.
86. Lindvall E, Sanders R, Dipasquale T, Herscovici D,
Haidukewych G, Sagi C. Intramedullary nailing versus
percutaneous locked plating of extra-articular proximal
tibial fractures: comparison of 56 cases. J Orthop
Trauma. 2009; 23:485-492.
Doi: 10.1097/BOT.0b013e3181b013d2.
87. Beuhler KC, Green J, Woll TS, Duwelius PJ. A technique
for intramedullary nailing of proximal third tibia
fractures. J Orthop Trauma. 1997; 11(3):218-223. Doi:
10.1097/00005131-199704000-00014.
88. Meena RC, Meena UK, Gupta GL, Gahlot N, Gaba S.
Intramedullary nailing versus proximal plating in the
management of closed extra-articular proximal tibial
fracture: a randomized controlled trial. Journal of
Orthopaedics and Traumatology. 2015; 16(3):203.
89. Zhu DC, Liu L, Gao F, Li Q, Zhang B. Comparison of
closed reduction and expert tibial nailing with open
reduction and plate and screw fixation in the treatment of
two segmental tibial fractures. Chinese Journal of
Traumatology. 2015; 18(4):219-22.

~ 21 ~

