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Distal third tibia fractures treated with interlocking intramedullary nail
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ABSTRACT
The management of extraarticular fracture of the distal tibia remains controversial. Surgeons are not very keen 
on using intramedullary interlocking nail for these fractures because of diffi cult nail fi xation, wider medullary 
canal in the distal tibia and late angulation .The advent of newer nails with locking holes in the distal parts has 
made nailing possible even in cases of distal tibia fractures. Between January 2012 to June 2014, 17 skeletally 
mature patients with mean age of 35.8 years with distal third tibia fractures within 11 cm from the tibial plafond 
were treated with intramedullary interlocking nail. The radiological and functional outcome was evaluated with 
a follow up of at least one year. All fractures united within the study period with a mean time of union 21.76 
weeks. On the fi nal follow up, 4 patients had a mean angulation of 2.75 degrees in coronal plane, 6 patients 
had an  angulation of 3.5 degrees (2-8 degrees) on the saggittal plane and no rotational malalignment. None 
of the patients developed angulation outside the acceptable range. The average Olerud and Molander score at 
fi nal follow up was 91.76 ranging from 85 to 100 with 12 (70.6%) of the patients having good outcome and 
5(29.4%) of them having an excellent outcome. Intramedullary interlocking nailing with two distal locking 
bolts in case of distal third tibia fracture leads to good to excellent functional outcome and good rate of union.
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interference with the normal physiology of bone healing, 
wound dehiscence, infection, hardware prominence and 
delayed healing.12-18 

In contrast, intramedullary interlocking can be done with 
closed technique alleviating the drawbacks of plating 
technique. Intramedullary interlocking nail has been seen 
to be an acceptable and effective method of treatment of 
tibial shaft fractures.13, 19-24 With the newer design nails 
with locking holes nearer the distal end of the nail, the 
indication of nailing can be extended even to the distal 
third tibia fractures and fractures with intrarticular 
extension into the ankle.19, 21

Minimally invasive percutaneous plate osteosynthesis 
is a newer technique which is associated with minimal 
soft tissue dissection leading to less disruption of fracture 
hematoma and preservation of periosteal blood supply 
with promising results and less wound complications.14, 25 
However, despite using locking plate, one study revealed 
that 48% of the patients required implant removal either 
for irritation by hardware and skin impingement or 
infection.26

Intramedullary interlocking nailing is not considered 
a good option by some surgeons in the management 
of distal third tibia fractures because of diffi cult nail 
fi xation, wider medullary canal in the distal tibia and 
late angulation.3, 12, 27-31 The advent of newer nails with 
locking holes in the more distal part of the nail have 

INTRODUCTION
Fractures of the distal third of tibial shaft occurs 
commonly as a consequence of road traffi c accident, fall 
from height, sports and direct injury.1 The management of  
extraarticular fracture of the distal tibia and intraarticular 
with minimal involvement of the ankle joint remains 
controversial.2,3Various modalities of treatment have 
been reported till date with advantages and disadvantages 
of each modality. Conservative management, closed 
reduction and interlocking nailing, open reduction 
and plating, minimally invasive percutaneous plate 
osteosyntheis and external fi xation are the some of the 
modalities available for the treatment of these fractures.

Non operative treatment is suitable for minimally 
displaced fractures while more displaced fractures are 
managed with operative techniques.4-6 Conservative 
management of these fractures are associated with 
increased stiffness and decreased quality of life due to 
prolonged immobilization, loss of reduction and high 
rate of secondary procedures.7-9

External fi xators are associated with complications like 
need of secondary operation, prolonged healing time and 
pin tract infection.10, 11Patients managed with both plate 
and nail can be mobilized early. Advocates of plating 
suggest better alignment with this technique. However, 
plating is associated with wide soft tissue dissection and 
disruption of the fracture hematoma which can lead to 
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made nailing possible even in distal tibial fractures. 
There are  few studies that show good results of nailing 
in terms of late angulation and rate of union.13, 19, 20, 21, 28, 

32 The aim of this study is to evaluate the radiological 
and functional outcome of distal third tibial fractures 
treated with closed intramedullary interlocking nail in 
skeletally mature patients.

MATERIALS AND METHODS
This study was conducted in the Department of Orthopaedic 
surgery in Kathmandu Medical College Teaching Hospital. 
Between January 2012 to June 2014, 17 skeletally mature 
patients with distal third tibia fractures were treated with 
intramedullary interlocking nail. Informed consent was taken 
from all the patients. Patients with polytrauma, comminuted 
tibial pilon fracture, fractures too distal in which two distal 
interlocking bolts could not be fi xed, pathological fractures, 
compound fractures of Gustilo grade II and above and the 
patients who could not be followed up for at least a year were 
excluded from the study. There were 9(52.9%) male and 
8(47.1%) female patients from 18 to 56 years with a mean 
age of 35.8 years.  Nine (52.9%) patients had fracture of 
the right tibia while 8 (47.1%) had fractures of the left tibia. 
Twelve (70.6%) patients has sustained injury in road traffi c 
accident and 5 (29.4%) had injury by fall from height. One 
(5.88%) patient had compound fracture (Gustilo I) and the 
rest of the fractures were closed. Eight (47.1%) fractures 
were oblique, 4 (23.5%) were transverse, 3 (17.6%) were 
spiral and 2 (11.8%) were comminuted. None of the fractures 
were intraarticular. 

One (5.9%) patient had diabetes mellitus type 2 and 3(17.6%) 
had hypertension which were under control. No patient had 
peripheral vascular disease. Seven (41.2%) patients were 
smoker and 6 (35.3%) were consuming alcohol on regular 
basis which could impede the quality of bone.

All patients were treated with closed reduction and internal 
fi xation with intramedullary interlocking nail. Nailing was 
done by transpatellar approach. All nails were inserted after 
reaming. Two proximal locking and 2 distal locking bolts 
were inserted in all patients. All but one patient had fi bula 
fracture. The fi bula fractures were at least 5 cm above the 
syndesmosis. Patients were evaluated for syndesmotic 
injury preoperatively and none had syndesmotic injury.  
In patients who had no fi bula fracture, oblique osteotomy 
of fi bula was done during the surgery so that the fracture 
impaction could be possible. Postoperatively third 
generation cephalosporin was given intravenously for 48 
hours which was converted to oral form and continued 
for a total of 7 days. Partial weight bearing was started as 
soon as the patient was comfortable (1-14 post operative 
days). Full weight bearing was advised after radiological 
evidence of union. Radiographic assessment was done by 
standard anteroposterior and lateral views of x ray taken 

at 3 weeks, 6 weeks, 12 weeks, 3 months, 6 months and 
1 year after surgery.  The alignments immediately after 
the surgery and at the last follow up were compared for 
the malalignment. Malunion was defi ned as angulation 
of more than 5 degrees in coronal plane, 10 degrees on 
saggittal plane and 10 degrees of rotation.33 Non union 
was defi ned as no radiological sign of healing at 6 month. 
Union was defi ned as presence of solid callus on three out 
of four cortices judged on the anteroposterior and lateral 
radiograph or obliteration of fracture line and possible 
painless weight bearing. Patients were followed up for an 
average of 1.46 years (1-2 years). Functional assessment 
was done by the Olerud and Molander Ankle Score at last 
follow up (Table 1).34 

Table 1. The Olerud and Molander ankle score
Pain Score

None 25
Walking on uneven surface 20
Walking on even surface 10
Walking indoors 5
Constant and severe 0
Stiffness
None 10
Stiffness 0
Swelling
None 10
Evenings 5
Constant 0
Stair climbing
No problems 10
Impaired 5
Impossible 0
Running
Possible 5
Impossible 0
Jumping
Possible 5
Impossible 0
Squatting
No problems 5
Impossible 0
Supports
None 10
Tape, wrapping 5
Stick or crutch 0
Work, activities of daily living
Same as preinjury 20
Reduced 15
Change of job 10
Severely impaired 0
Total 100
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RESULTS
The average distance of the fracture from tibial plafond 
was 8.08 cm ranging from 6.2 to 11 cm.

Average duration of delay in surgery was 9.8 days (2-
35 days). Eleven patients (64.7 %) had delay in surgery 
because of poor soft tissue condition like massive 
swelling, fracture blisters and abrasions. One patient had 
to wait for 35 days before surgery since she was managed 
conservatively but later decided to operate because of 
an unacceptable angulation. Eleven (64.70%)  patients 
had one distal locking bolt in anteroposterior and one in 
mediolateral direction and the rest 6 (35.29%) had both 
distal locking bolts in mediolateral direction.

In immediate post operative period, 3 patients had 
angulation in coronal plane (all varus), 1 patient had 
angulation in saggittal plane (recurvatum) and none 
had rotational malalignment. At the last follow up, 4 
patients had angulation in coronal plane (all varus) with 
an average of 0.65 degrees (maximum 4 degrees) and 6 
patients had angulation in saggittal (all recurvatum) of an 
average of of 1.23 degrees (maximum 8 degrees). None 
of the patients had rotational malalignment or angulation 
more than 5 degrees in coronal plane and more than 10 
degrees in saggittal plane. A weak negative correlation(ρ 
= -0.293,  p= 0.253 ) was found between the distance of 
fracture from the mortise and angulation at last follow up 
suggesting tendency towards high chance of angulation or 
higher chance of unstable fi xation in the fractures near the 
ankle joint than in fractures farther from the joint (fi g 1). 

Fig. 1 : Correlation of the angulation at last follow up with 
distance of fracture from the ankle joint

Among patients having at least some angulation on the 
last follow up, the mean angulation was 1.16 

degrees when both the distal locking screws were in 
mediolateral direction and 1.5 degrees in cases 

where distal locking were in mediolateral and 
anteroposterior direction.. However the difference in 
mean was not signifi cant Mean distance of fracture from 
the ankle mortise was 9.7 cm among patients having 
both distal locking bolts in mediolateral direction and 
7.2 cm in patients having one distal locking bolt in 

anteroposterior and one in mediolateral direction (p = 
0.00).   All patient developed union within study period 
of two and half years. 

Fig. 2. Preoperative and Post operative radiographs 
showing varus angulation

The average time of union was 21.76 weeks ranging 
from 12 to 36 weeks. Six (35.3%) patients required at 
least one form of secondary procedure for union. Out of 
6 patients, 5 required dynamization of proximal bolts to 
aid union. One of the patients developed infective non 
union at 6 month and the infection was not controlled 
by repeated debridement and intravenous antibiotics. 
Exchange nailing was done at 25 weeks and the fracture 
ultimately united at 36 weeks. 

The average Olerud and Molander score at fi nal follow 
up was 91.76 ranging from 85 to 100. Five (29.4%) of 
the patients had excellent outcome while 12 (70.6%) of 
the patients had good outcome. The mean angulation at 
last follow up in patients having excellent outcome was 
1.2 degrees and in patients having good outcome was 
1.5 degree without statistically signifi cant difference 
(p= 0.815) suggesting that angulation within acceptable 
limit does not have signifi cant effect on the functional 
outcome (fi g 4). 

Fig. 3 Pre and post operative radiograph showing 
locking in two planes
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Fig. 4. Mean angulation in different functional 
outcome groups

One patient had numbness around the scar on the knee. 
Four patients had implant removal after 1 and half years 
as a routine procedure. At the last follow up, the average 
range of motion of knee and ankle were 94.3% and 93.4% 
on the contralateral side, respectively. At the last follow 
up 7(41.2%) of the patients had mild swelling at the knee, 
leg or ankle which was not found to be associated with 
any limitation of the activities or deep vein thrombosis.

DISCUSSION
Distal third tibia fractures are common injuries and 
comprise of around 10-13 % of all tibial fractures.19, 

35 Nailing can be done by closed technique and this 
avoids all complications related to open reduction 
and placement of prominent hardware. We evaluated 
the outcome of these fractures managed with closed 
interlocking nailing.

In our series we found that intramedullary interlocking 
(IMIL) nailing in case of distal third tibia fracture leads 
to good to excellent functional outcome and good rate 
of union with acceptable angulation.

Ehlinger M et al analyzed 51 patients with distal tibia fi bula 
fractures treated with anterograde intramedullary interlocking 
nailing.24 Mean Olerud and Molander score was 83.2. 
Similarly mean Olerud and Molander score in the series of 
Ibrahimi A E et al was 87.9.13 In our series, the mean score 
was 91.76 which was consistent with the other studies.

A high union rate of 96 to 100 percent has been reported 
in multiple series.13, 19-21, 24, 32 In our series as well all 
patient united within the study period. Nork et al in their 
series of 36 patients reported the average union time to 
be 23 weeks.20 Other studies by Fan et al, Megas et al, 
Ehlinger et al and El Ibrahami et al, however, noted 
much shorter union time 17, 16, 15.7, 17.5 respectively.13, 

19, 21, 24 Mean union time in our series (21.7 weeks) was 
slightly longer than noticed in many literatures. As we 
had a relatively smaller sample size we believe that a 
few outliers may have infl uenced the results. 

The results of angulation are varied in  literature. 

Fan et al and Mosheiff R et al found no unacceptable 
angulation whereas proportion of angulation as high as 
22% of malunion has been reported by Megas et al.19, 21, 

32 Elingher found an angulation of more than 10 degrees 
in 1.9% of the patients.24 Ibrahimi A E et al evaluated 33 
patients managed with intramedullary nailing of distal 
tibia fractures and found 12.1% patients with malunion.13

In our series, 8 patients had at least some angulation in one 
plane, however, none had unacceptable angulation. We 
found that the mean angulation at last follow up was slightly 
more in patients where the distal locking bolts were applied 
one on the coronal plane and other on the saggittal plane 
than in patients where both the locking bolts were applied 
on coronal plane. However, the result was not statistically 
signifi cant. The mean distance was signifi cantly shorter 
in patients where distal locking was done in two planes. 
This suggests the tendency of surgeons towards fi xing the 
distal locking bolts in two planes in fractures nearer to the 
ankle joint. Also, there were more patients who had distal 
locking bolts in two planes. The defi nite conclusion about 
the effect of patterns of locking could be deduced, had the 
pattern of locking been randomized. 

Elingher reported two cases (3.92%) of deep infection.24 
Ibrahimi A E noted one patient with anterior knee pain and 
discomfort on kneeling.13 We also found one case (5.88%) 
of infective non union. However the complications 
described in literatures like pseudoarthrosis, anterior 
knee pain, implant failure and iatrogenic fractures were 
not found in our study.20, 24, 32 Malalignment or loss of 
reduction has been reported to occur after IMIL due to 
improper reduction, poor nail fi xation, loose fi xation and 
nail propagation into the ankle joint.19, 36 However our 
study failed to demonstrate any of these complications.

Elingher reported 11.76% of patients requiring at least 
a form of secondary procedure for union out of which 
dynamization was the most commonly deployed. In 
our series 35.29 percent of the patient required at least 
a form of secondary procedure for union most of which 
were dynamization (29.4%). This might be because 
in our study all patients whose progress of union was 
considered inadequate by 12 weeks postoperatively were 
taken in for dynamizaiton. 

The limitation of our study was the small sample size as 
a result of which the data could have been highly affected 
even by a single outlier and the effect of the pattern of 
distal locking on the outcome could have been better 
delineated had the locking pattern been randomized. 

In our small series of 17 patients, we found that IMIL nail 
is in fact a good option in cases of displaced fractures 
of distal third tibia, once thought to be contraindicated 
for nailing. The interlocking holes on different planes in 
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interlocking nails continue to widen the scope of nailing 
in distal tibia fractures. A large sized study needs to be 
conducted to confi rm these early benefi ts that are being 
observed with intramedullary interlocking nails in distal 
third tibial shaft fractures.

REFERENCES
1. Li B, Yang Y, Jiang LS. Plate fi xation versus intramedullary 

nailing for displaced extra-articular distal tibia fractures: a 
system review. Eur J Orthop Surg Traumatol 2013;1362-3

2. Li Y, Liu L, Tang X, Pei F, Wang G, Fang Y, Zhang H, 
Crook N. Comparison of low, multidirectional locked nailing 
and plating in the treatment of distal tibial metadiaphyseal 
fractures. Int Orthop 2012; 36:1457–62

3. Larsen LB, Madsen JE, Hoiness PR, Ovre S. Should 
insertionof intramedullary nails for tibial fractures bewith 
orwithout reaming? A prospective, randomized study with 
3.8 years’ follow-up. J Orthop Trauma 2004;18:144–9

4. Bedi A, Le TT, Karunakar MA. Surgical treatment of 
nonarticular distal tibia fractures. J Am Acad Orthop Surg 
2006;14(7):406–16

5. Gao H, Zhang CQ, Luo CF, Zhou ZB, Zeng BF. Fractures 
of the distal tibia treated with polyaxial locking plating. Clin 
Orthop Relat Res 2009;467(3):831–7

6. Vallier HA, Cureton BA, Patterson BM. Factors infl uencing 
functional outcomes after distal tibia shaft fractures. J Orthop 
Trauma 2012;26(3):178–83

7. OthmanM, Strzelczyk P. Results of conservative treatment of 
“pilon” fractures. Ortop Traumatol Rehabil 2003;5:787–94

8. Perren SM. Evolution of the internal fi xation of long bone 
fractures. The scientifi c basis of biological internal fi xation: 
choosing a new balance between stability and biology. J Bone 
Joint Surg (Br) 2002;84:1093–110

9. Bonar SK, Marsh JL. Unilateral external fi xation for severe 
pilon fractures. Foot Ankle. 1993;14:57–64

10. Emami A, Mjoberg B, Karlstrom G, Larsson S. Treatment of 
closed tibial shaft fractures with unilateral external fi xation. 
Injury 1995;26:299–303

11. Helland P, Boe A, Molster AO, Solheim E, Hordvik M. Open 
tibial fractures treated with the Ex-fi -re external fi xation 
system. Clin Orthop Relat Res 1996;326:209–20

12. Obremskey WT, Medina M. Comparison of intramedullary 
nailing of distal third tibial shaft fractures: before and after 
traumatologists. Orthopedics 2004;27:1180–4

13. Ibrahimi AE, Shimi M, Daoudi A, Loudyi D, et al. 
Intramedullary nailing in the management of distal tibial 
fractures. Currernt Orthopaedic Practice 2009;20(3):300-325

14. Teeny SM, Wiss DA. Open reduction and internal fi xation of 
tibial plafond fractures. Variables contributing to poor results 
and complications. Clin Orthop 1993;292:108–17

15. Im GI, Tae SK. Distal metaphyseal fractures of tibia: 
a prospective randomized trial of closed reduction and 
intramedullary nail versus open reduction and plate and 
screws fi xation. J Trauma 2005;59:1219–23

16. Janssen KW, Biert J, van Kampen A. Treatment of distal tibial 
fractures: plate versus nail: a retrospective outcome analysis 
of matched pairs of patients. Int Orthop 2007;31:709–14

17. Borg T, Larsson S, Lindsjo U. Percutaneous plating of distal 
tibial fractures. Preliminary results in 21 patients. Injury 
2004;35:608–14

18. Frigg R. Locking Compression Plate (LCP). An osteosynthesis 
plate based on the Dynamic Compression Plate and the Point 
Contact Fixator (PC-Fix). Injury 2001;32(Suppl 2):63–6

19. Fan CY, Chiang CC, Chuang TY, Chiu FY, Chen TH. 
Interlocking nails for displaced metaphyseal fractures of the 
distal tibia. Injury 2005;36:669—74

20. Nork SE, Schwartz AK, Agel J, Holt SK, Schrik JL, et al. 
Intramedullary nailing of distal metaphyseal tibial fractures. 
J Bone Joint Surg (Am) 2005;87:1213-21

21. Megas P, Zouboulis P, Papadopoulos AX, Karageorgos A, 
Lambiris E. Distal tibial fractures and non-unions treated 
with shortened intramedullary nail International Orthopaedics 
(SICOT) 2003;27:348–51

22. Gorczyca JT, McKale J, Pugh K, Pienkowski D. Modifi ed 
tibial nails for treating distal tibia fractures. J Orthop Trauma 
2002;16:18—22

23. Dogra AS, Ruiz AL, Thompson NS, Nolan PC. Dia-
metaphyseal distal tibial fractures-treatment with a 
shortened intramedullary nail: a review of 15 cases. Injury 
2000;31:799—804

24. Ehlinger M, Adama P, Gabrion A, Jeunet L, Dujardind F, et 
al. Distal quarter leg fractures fi xation: The intramedullary 
nailing alone option. Orthopaedics & Traumatology: Surgery 
& Research 2010; 96: 674—82

25. Farouk O, Krettek C, Miclau T, Schandelmaier P, Guy P, 
Tscherne H. Minimally invasive plate osteosynthesis and 
vascularity: preliminary results of a cadaver injection study. 
Injury 1997;28(Suppl 1):A7–A12

26. Lau TW, Leung F, Chan CF, Chow SP. Wound complication 
of minimally invasive plate osteosynthesis in distal tibia 
fractures. Int Orthop 2008;32:697–703

27. Konrath G, Moed BR, Watson JT, et al. Intramedullary 
nailing of unstable diaphyseal fractures of the tibia with distal 
intraarticular involvement. J Orthop Trauma 1997;11:200–5

28. Robinson CM, McLauchlan GJ, McLean IP, et al. Distal 
metaphyseal fractures of the tibia with minimal involvement 
of the ankle. Classification and treatment by locked 
intramedullary nailing. J Bone Joint Surg 1995;77(B):781–7

29. Tyllianakis M, Megas P, Giannikas D, et al. Interlocking 
intramedullary nailing in distal tibial fractures. Orthopedics. 
2000;23:805–8

30. Court-Brown CM, Gustilo T, Shaw AD. Knee pain after 
intramedullary tibial nailing: its incidence, etiology, and 
outcome. J Orthop Trauma 1997;11:103–5

31. Salem KH. Unreamed intramedullary nailing in distal tibial 
fractures. Int Orthop 2013;37:2009–15

32. Mosheiff R, Safran O, Segal D, et al. The unreamed tibial 
nail in the treatment of distal metaphyseal fractures. Injury. 
1999;30:83–90

33. Trafton  PG. Closed  unstable  fractures  of  the  tibia. Clin  
Orthop  Relat  Res 1988; 230-58

34. Olerud C, Molander H. A scoring scale for symptom 
evaluation after ankle fracture. Arch Orthop Trauma Surg 
1984;103:190–4

35. Court-Brown CM, Caesar B. Epidemiology of adult fractures: 
a review. Injury 2006;37:691—7

36. Li Y, Jiang X, Guo Q, Zhu L, Ye T, Chen A. Treatment of 
distal tibial shaft fractures by three different surgical methods: 
a randomized, prospective study. International Orthopaedics 
(SICOT) 2014;38:1261–67




