
Introduction
Tibial gap nonunions have been treated with a variety of
surgical methods including plate osteosynthesis with bone
graft,1-3 intramedullary nailing,4-7 and external fixation.8-10

The complexity of a tibial gap nonunion can be variable and
depends on several factors. The ''personality of a fracture'' is
a term and concept introduced by Schatzker11 and its use
underscores the complexity of a particular problem and
helps organize a treatment approach. We have found it
helpful to apply this concept to gap nonunion. The
personality of a tibial gap nonunion is determined by a
number of factors including bone loss; radiographic
appearance and stiffness as they relate to the nonunion
biology; deformity; leg-length discrepancy (LLD); presence
or history of infection; soft-tissue envelope; retained
hardware; and patient factors including diabetes, smoking,
and neuropathy. Although the use of internal fixation is
effective in the treatment of selected tibial gap nonunions,

these techniques have their limitations. The Ilizarov method
has gained many advocates for the treatment of tibial gap
nonunions over the last 2 decades, particularly hypertrophic
gap nonunions,12 and gap nonunions associated with bone
loss,13-16 infection17,18 and a poor soft-tissue envelope.13, 19

The classic Ilizarov frame has been used to correct all
deformity,20-23 including lengthening and bone
transport.13,15,19 However, deformity correction with
components of angulation, translation, and rotation requires
a staged correction and frame modifications.24 The purpose
of this study was to review the results of our experience with
a consecutive series of complex tibial gap nonunion defects.

Materials and Methods
This prospective study was conducted in the Department
of Orthopedic Surgery at Allied Hospital, Faisalabad,
Punjab, Pakistan. The patients were selected and treated
between years of 2013 to 2014. Patients having aseptic
tibial gap nonunion with no signs of clinical, radiological
and biomechanical evidence of infection were included in
the study. Patients with history of other injuries, those
aged above 50 or under 14,(SD 34.93±10.87) and those
suffering from rheumatoid arthritis, diabetic mellitus, and
fracture in the other limb were all excluded from the
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Abstract
Objectives: The Objective of the study is to evaluate the effect of Ilizarov frame fixation on functional outcome in
aseptic tibial gap non-union cases
Methods: In this clinical study, 15 cases of post-traumatic aseptic tibial gap non-union were selected in department
of orthopedics, Allied Hospital Faisalabad, Punjab Pakistan, during years 2013-2014. After blood analysis and clinical
assessment, the aseptic gap nonunion cases underwent ilizarov frame fixation for their problem. They were taught
about care of ilizarov fixator and pin tract. They were called on regular basis and pre and post-surgery functional
outcome was measured by modified functional evaluation system by Karlstrom-Olerud.
Results: Out of the 15 patients, 12 (80%) with road traffic accident, 2 (13.3 %) with gunshot injury and 1(6.66%) with
fall from height; 9(60%) were treated by compression technique (fig.1,2,7,8,11), 4(2.66%) with compression-
distraction (fig.3,10) and 2 (13.3 %) were treated using distraction-compression technique (bone transport)
(fig.4,5,6). Mean gap was 6.33cm (range 2-12cm). Duration of tibial gap union was average 10.60 months (minimum
8 months, maximum 15 months) and union was achieved in all the cases in mean time of 25.20 weeks (minimum 13
weeks, maximum 57 weeks). Patients remained in ilizarov fixator frame for average 6.80 months (range minimum 4,
maximum 13 months). Pin tract infection and pain were common Complications. The functional outcome was
measured by modified functional evaluation system by Karlstrom-Olerud 5 showed good, 4 satisfactory, 4 moderate
and 2 poor results.
Conclusion: The Ilizarov technique is an effective method in treating the aseptic tibial gap non-union. Patient's
motivation and co-operation played an important role in good to excellent outcomes.
Keywords: Aseptic, Functional, Ilizarov, Gap Nonunion, Tibial. (JPMA 65: S-179 (Suppl. 3); 2015)



study. After fulfilling the inclusion and exclusion criteria,
15 Patients, aged between 14 and 50 were enrolled as
study subjects based on clinical findings along with
erythrocyte sedimentation rate, C-reactive protein levels
and tissue culture reports. The patient's pre-operative X-
rays and functional assessment were done using modified
functional evaluation system by Karlstrom-Olerud.25,26

Final scoring system for Modified Functional
Evaluation System by Karlstrom-Olerud

� Excellent 33 Points

� Good 32-30 Points

� Satisfactory 29-27 Points

� Moderate 26-24 Points

� Poor 23-21 Points

After anesthesia patients underwent standard method of
Ilizarov frame application. After a latent period of 10-14
days, the lengthening was started. 1) Compression
technique was used when there is hypertrophic gap
nonunion with no shortening or shortening less than four
centimeters. The compression of the fracture was done by
moving the rings together and compressing the fracture
site and maintaining the ring until radiological evidence of
union is seen. 2) Compression and distraction technique
was used when the hypertrophic gap nonunion showed
bone shortening of more than four centimeters. In this
method, we have compressed the both ends of the
fracture for 10-14 days and then distracted the
compressed site slowly at the rate of 0.25 mm every six
hours or 1 mm per day. 3) Distraction-compression is used
in cases of oligotrophic or atrophic gap nonunion with
bone shortening of more than four centimeters. In this
method, the patient will be kept on a circular frame and
corticotomy is usually done in the metaphysis to ensure
good regeneration. The aim is to mobilize the middle

segment, and lengthening will be done through the
corticotomy site. Both ends of the fracture segment
approximation are called docking. The frame would
remain in this position until there is a radiological evidence
of bone union. All patients were operated on by the same
orthopedic surgeon using the hybrid Ilizarov fixator
technique. Immediately after surgery, X-rays and clinical
assessment were done. Physical Therapy was started as
soon as the patient was comfortable, and gentle active
assistive exercises and active exercises were done for ankle
and knee within the pain free ranges. Weight bearing on
affected leg was progressively increased from toe
touching to full foot touching in the first week. After the
first week walking was initiated with partial to full weight
bearing as per patient tolerance. Isometric quadriceps
exercise and gentle knee mobilization were started up to
the available range within the first week. In the first few
days after surgery, patients were on oral analgesics.
Prophylactic antibiotics (3rd generation cephalosporin)
and wound care (pin tract and corticotomy site) were
strictly followed to prevent any further problems. Patients
were educated and properly trained on how to wash
fixator and pins and were discharged from the hospital
ward when they started walking with partial weight
bearing and were able to go to the toilet independently
They were then followed up in the outpatient department,
first on a weekly basis and then twice a month. The fixators
were removed by admitting the patients for day care
surgery. After the removal of the fixators, patients received
physical therapy and were dispensed above or below the
knee braces to use for the duration of 4 weeks. The
patients were allowed to walk with full weight bearing,
and after 5 weeks of regular physical therapy, functional
scoring with modified functional evaluation system by
Karlstrom-Olerud was performed again.

Results
15 patients aged between 14 and 50 participated in this
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Table-1: Modified Functional Evaluation System by Karlstrom-Olerud.

Sr No Measurement 3 Points 2 Points 1 Point

1 Pain No Little Severe
2 Difficulty in walking No Moderate Severe Limp
3 Difficulty in stairs No Supported Unable
4 Difficulty in previous sports No Some sports Unable
5 Limitation at work No Moderate Unable
6 Status of skin Normal Various colors Ulcer/Fistula
7 Deformity No Little, up to 7o Remarkable,>7o
8 Muscle atrophy <1cm 1-2 cm >2cm
9 Shorter lower extremity <1cm 1-2 cm >2cm
10 Loss of motion at knee joint <10o 10-20o >20o
11 Loss of motion at Subtalar motion <10o 10-20o >20o



study. They all suffered from an average duration of gap
nonunion of 10.60 months, and the average nonunion
gap was 5.33 cm and average duration in the frame was
6.80 months. Out of these 15 patients, nine were treated
with compression, (bone shortening was less than 4cm
that was covered by shoes) four with compression and
distraction and two with distraction-compression. All the
patients included in this study had a union of their gap

non-united fractures even though two patients had
shown poor outcome on the functional scale. The
duration of time the patients remain in the frame
indicates the healing time of the patients because they
were kept in the ring until complete union was seen radio
graphically. The minimum duration of frame on the
patients was 6 months and maximum was 15 months. Out
of the 15 patients, 13 patients showed moderate to good
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Table-2:

Sr no Characteristics 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 average SD

1 Cause of injury RTA RTA RTA RTA GS RTA RTA RTA FFH RTA RTA RTA GS RTA RTA
2 Duration of non-union in months 8 11 14 9 14 9 10 9 8 15 10 9 10 9 14 10.60 ±2.4
3 Average bone gap in cm 2 2 7 3 10 3 9 3 3 12 8 2 2 3 11 5.33 ±3.72
4 Technique used C C CD C CD C CD C C CBT CD C C C CBT
5 Duration of frame in months 4 5 6.5 5 8 5.5 8.5 5 4.5 13 8.5 5 5.5 6 12 6.80 ±2.71
6 Time of union in weeks 13 18 22 17 30 19 32 17 15 57 31 18 18 22 49 25.20 ±12.77

RTA- road traffic accident, C-compression, CD-compression-distraction, CBT-compression-bone transport.

Table-3: Patient characteristics.

Sr No. Characteristics Description

1 Cause of injury 12 Road traffic accident, 2 gun shoot injury, 1 fall from height,
2 Duration of non-union Minimum 8 months, maximum 15 months, average 10.60 months
3 Average bone gap Minimum 2 cm, maximum 12 cm, average 5.33 cm
4 Technique used 9 Compression, 4 compression-distraction, 2 compression+bone transport
5 Duration of frame Minimum 4 months, maximum 13 months, average 6.80 months
6 Time of union in weeks Minimum 13weeks, maximum 57, weeks, average 25.20 weeks

Figure-1: Patient of RTA with gap non union of tibia,
treated with ilizarov fixator, compression applied.

Figure-2: Gap non union due to RTA, treated by
compression by ilizarov fixator.

Figure-3: Ilizarov fixator on tibia with gap non union due
to RTA, compression-distraction done.
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Figure-4: Gap non union tibia treated by compression-
bone transport by ilizarov fixator.

Figure-5: Follow up picture, bone transport being done
and callus visible.

Figure-6: 12 weeks post OP case after ilizarov fixator, CBT
done, callus visible.

Figure-8: Gap non union of Rt tibia due to RTA treated by
ilizarov fixator.

Figure-7: Gap non union distal third tibia due to RTA,
compression provided b ilizarov fixator.

Figure-9: Tibial gap non union due to FAI, compression
provided by ilizarov fixator.



functional recovery on modified functional evaluation
system by Karlstrom-Olerud.

Discussion
Long standing gap non-union is difficult to treat and is a
challenging problem for the orthopedicians. It, usually,
leads to residual deformity, persistent infection, and
contracture in the affected limb. Different methods have
been employed to treat this situation e.g., radical
debridement, local flaps, muscle flaps, bone grafting,
tibiofibular synostosis, cancellous allograft, fibrin mixed
with antibiotics, micro-vascular flaps and vascularized
bone transplants.27 All have improved results, but none
has been able to solve this clinical situation fully. The
Ilizarov ring fixator gives an option of compression,
distraction and bone transport, and is effective in the
treatment of gap non-union of the tibia where other types
of treatment have failed. Weight bearing and the
functioning of the joints while on the treatment is an
advantage that cannot be matched by any other
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Figure-10: Gap non union right tibia due to fall from height, CD provided by ilizarov
fixator.

Figure-11: Gap non union due to FAI, treated by ilizarov fixator, compression provided.

Figure-12: Percentage of results



technique.28 The Ilizarov apparatus is axially elastic and as
the weight bearing forces are directly applied to the bone
ends, maintaining the weight bearing function of the
extremity actually becomes one of the prerequisites for
the success of the method. The cyclic axial telescoping
mobility, not rigidity, at the non-union or fracture site is an
important requirement for the formation of a reparative
callus. Ilizarov experimentally showed that when gradual
distraction tension stress is applied to the corticotomy
site, the vascularity of the entire limb is increased, which
in turn enhances the ability of the bone ends to unite.29 In
a study performed by Tranquilli Leali et al.30 in Italy on 20
patients with gap non-union of the tibia, the result was
union in all the cases; mean time of union being 4.5
months. In another study Marsh et al.31 showed gap union
in 40 out of 46 non-union cases treated with Ilizarov
method, with a high level of patient satisfaction. Menon
et al.32 also concluded in their study that there is a role of
Ilizarov ring fixator with nail retention in resistant long
bone diaphyseal non-union and that this method could
achieve high union rates where other methods failed.
Several modifications have been undertaken to increase
the efficacy of treatment with Ilizarov method and
patient's acceptability, e.g., Rozbruch et al.33 used a taylor
spatial frame in two cases of hypertrophic gap non-union
of the tibia with deformity for which distraction was
utilized, yielding noticeable results. The duration of frame
application is a disadvantage but when all other
treatment modalities have failed, this technique is
probably the only alternative and the only hope for many
suffering patients, though the patient's compliance is
important for a successful outcome.

Conclusion
We conclude that in patients with aseptic tibial nonunion,
the Ilizarov technique is a safe and effective technique to
improve their functional capacity and to promote
complete union.

Recommendations
According to this study, we have seen good healing of gap
nonunion in aseptic tibial nonunion by using Ilizarov
fixation along with improvements in the daily activities.
We highly recommend Ilizarov fixation procedure in
aseptic tibial gap nonunion cases to increase chances of
boney union leading to improve functional capacity of
the patients.

References
1. Chin KR, Nagarkatti DG, Miranda MA, Santoro VM, Baumgaertner

MR, Jupiter JB. Salvage of distal tibia metaphyseal nonunions with
the 90 degrees cannulated blade plate. Clin Orthop Relat Res
2003; 409: 241-9.

2. Helfet DL, Jupiter JB, Gasser S. Indirect reduction and tension-

band plating of tibial non-union with deformity. J Bone Joint Surg
Am 1992; 74: 1286-97.

3. Rosen H. Compression treatment of long bone pseudarthroses.
Clin Orthop Relat Res 1979; 138: 154-66.

4. Court-Brown CM, Keating JF, Christie J, McQueen MM. Exchange
intramedullary nailing. Its use in aseptic tibial nonunion. J Bone
Joint Surg Br 1995; 77: 407-11.

5. Moed BR, Watson JT. Intramedullary nailing of aseptic tibial
nonunions without the use of the fracture table. J Orthop Trauma
1995; 9: 128-34.

6. Richmond J, Colleran K, Borens O, Kloen P, Helfet DL. Nonunions of
the distal tibia treated by reamed intramedullary nailing. J Orthop
Trauma 2004; 18: 603-10.

7. Templeman D, Thomas M, Varecka T, Kyle R. Exchange reamed
intramedullary nailing for delayed union and nonunion of the
tibia. Clin Orthop Relat Res 1995; 315: 169-75.

8. Catagni MA, Guerreschi F, Holman JA, Cattaneo R. Distraction
osteogenesis in the treatment of stiff hypertrophic nonunions using
the Ilizarov apparatus. Clin Orthop Relat Res 1994; 301: 159-63.

9. Cattaneo R, Catagni M, Johnson EE. The treatment of infected
nonunions and segmental defects of the tibia by the methods of
Ilizarov. Clin Orthop Relat Res 1992; 280: 143-52.

10. Feldman DS, Shin SS, Madan S, Koval KJ. Correction of tibial
malunion and nonunion with six-axis analysis deformity
correction using the Taylor Spatial Frame. J Orthop Trauma 2003;
178: 549-54.

11. Schatzker J. Osteosynthesis in trauma. Int Orthop 1996; 20: 244-52.
12. Saleh M, Royston S. Management of nonunion of fractures by

distraction with correction of angulation and shortening. J Bone
Joint Surg Br 1996; 78: 105-9.

13. Paley D, Maar DC. Ilizarov bone transport treatment for tibial
defects. J Orthop Trauma 2000; 14: 76-85.

14. Pugh K, Rozbruch SR. Nonunions and malunions. In:
Baumgaertner MR, Tornetta P, eds. Orthopaedic Knowledge
Update: Trauma 3. Rosemont, IL: American Academy of
Orthopaedic Surgeons; 2005; pp 115-30.

15. Song HR, Cho SH, Koo KH, Jeong ST, Park YJ, Ko JH. Tibial bone
defects treated by internal bone transport using the Ilizarov
method. Int Orthop 1998; 22: 293-7.

16. Paley D, Catagni MA, Argnani F, Villa A, Benedetti GB, Cattaneo R.
Ilizarov treatment of tibial nonunions with bone loss. Clin Orthop
Relat Res 1989; 241: 146-65.

17. Dendrinos GK, Kontos S, Lyritsis E. Use of the Ilizarov technique for
treatment of non-union of the tibia associated with infection. J
Bone Joint Surg Am 1995; 77: 835-46.

18. Marsh DR, Shah S, Elliott J, Kurdy N. The Ilizarov method in
nonunion, malunion and infection of fractures. J Bone Joint Surg
Br 1997; 79: 273-9.

19. Rozbruch SR, Weitzman AM, Watson JT, Freudigman P, Katz HV,
Ilizarov S. Simultaneous treatment of tibial bone and soft-tissue
defects with the Ilizarov method. J Orthop Trauma 2006; 20: 197-205.

20. Paley D. Principles of Deformity Correction. Rev ed. Berlin:
Springer- Verlag; 2005.

21. Paley D, Herzenberg JE, Tetsworth K, McKie J, Bhave A. Deformity
planning for frontal and sagittal plane corrective osteotomies.
Orthop Clin North Am 1994; 25: 425-65.

22. Rozbruch SR, Blyakher A, Haas SB, Hotchkiss R. Correction of
large bilateral tibia vara with the Ilizarov method. J Knee Surg
2003; 16: 34-7.

23. Shtarker H, Volpin G, Stolero J, Kaushansky A, Samchukov M.
Correction of combined angular and rotational deformities by the
Ilizarov method. Clin Orthop Relat Res 2002; 402: 184-95.

24. Fragomen AT, Ilizarov S, Blyakher A, Rozbruch SR. Proximal tibial
osteotomy for medial compartment osteoarthritis of the knee
using the Taylor Spatial Frame. Tech Knee Surg 2005; 4: 175-83.

J Pak Med Assoc (Suppl. 3)

S-184 29th Pak Orthocon 2015



25. Akhtar A, Shami A, Sarfraz M. Functional outcome of tibial
nonunion treatment by Ilizarov fixator. Ann Pak Inst Med Sci 2012;
8: 188-91.

26. Menadue C, Raymond J, Kilbreath SL, Refshauge KM, Adams R.
Reliability of two goniometric methods of measuring active
inversion and eversion range of motion at the ankle. BMC
Musculoskeletal Disorders 2006; 7: 60. doi:10.1186/1471-
2474-7-60.

27. Dell P, Sheppard TC. Vascularised bone graft in the treatment of
infected forearm nonunions. J Hand Surg 1984; 9: 653-8.

28. Ilizarov GA, Lediaev VI, Degtiarev VE. [Operative and bloodless
methods of repairing defects of the long tubular bones in
osteomyelitis.] Vestn Khir Im I I Grek 1973; 110: 55-9.

29. Ilizarov GA. The tension-stress effect on the genesis and growth of
tissues. Part I. The influence of stability of fixation and soft-tissue

preservation. Clin Orthop Relat Res 1989; 238: 249-81.
30. Tranquilli Leali P, Merolli A, Perrone V, Caruso L, Giannotta L. The

effectiveness of the circular external fixator in the treatment of
post-traumatic of the tibia nonunion. Chir Organi Mov 2000; 85:
235-42.

31. Marsh DR, Shah S, Elliott J, Kurdy N. The Ilizarov method in
nonunion, malunion and infection of fractures. J Bone Joint Surg
Br 1997; 79: 273-9.

32. Menon DK, Dougall TW, Pool RD, Simonis RB. Augmentative
Ilizarov external fixation after failure of diaphyseal union with
intramedullary nailing. J Orthop Trauma 2002; 16: 491-7.

33. Rozbruch SR, Helfet DL, Blyakher A. Distraction of hypertrophic
nonunion of tibia with deformity using Ilizarov/Taylor Spatial
Frame. Report of two cases. Arch Orthop Trauma Surg 2002; 122:
295-8.

Vol. 65, No.11 (Suppl. 3), November 2015

29th Pak Orthocon 2015 S-185


