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Abstract Original Research Article

Background: Chronic osteomyelitis of the tibia often results in limb shortening, leading to gait impairment, functional
limitation, and decreased quality of life. The Ilizarov technique, utilizing distraction osteogenesis, allows simultaneous
limb lengthening and infection management. Corticotomy can be performed primarily or secondarily, but comparative
data on functional outcomes are limited. Objective: To compare the efficacy, safety, and functional outcomes of primary
versus secondary corticotomy of the proximal tibia in patients with limb shortening due to chronic osteomyelitis.
Methods: This comparative study included 58 patients treated from 2020 to 2024 at a tertiary care hospital in Khulna,
Bangladesh, divided equally into primary (n=28) and secondary (n=28) corticotomy groups. Patients underwent
preoperative infection control, debridement, and Ilizarov external fixation. In the primary group, corticotomy was
performed immediately after debridement; in the secondary group, corticotomy was delayed until infection control and
soft tissue stabilization. Limb lengthening, bone union, complications, and functional outcomes were assessed, with
ASAMI criteria used for functional evaluation. Results: The majority of patients were male (primary: 89%, secondary:
93%), with motor vehicle accidents being the most common cause of injury. Average limb lengthening was 4.4 cm in
both groups. Union was achieved in 24 patients (86%) in the primary group and 26 patients (93%) in the secondary
group. Median recovery time was shorter in the primary group (18 months vs. 24 months), with more surgical
interventions (5 vs. 3). Functional outcomes were superior in the secondary group, with an overall good-to-excellent
ASAMI rate of 90% compared to 72% in the primary group. Complications were comparable, tibial shortening, pin tract
infection, non-union more common in primary group Below knee amputation occured only in primary group (1 case).
Conclusion: Both primary and secondary corticotomy are effective for limb lengthening in chronic tibial osteomyelitis.
However, secondary corticotomy yields superior functional outcomes, supporting delayed corticotomy after infection
control and soft tissue stabilization for optimal patient recovery.
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INTRODUCTION biomechanical imbalances affecting the hip, knee, and

kle joints [1-3].
Chronic osteomyelitis of the tibia is a persistent ankle joints [1-3]

and challenging orthopedic condition, often resulting
from trauma, infection, or inadequate treatment of acute
osteomyelitis. One of the major long-term sequelae of
chronic tibial osteomyelitis is limb shortening, which can
significantly impair gait, function, and overall quality of
life. Limb length discrepancy, if left untreated, can lead
to compensatory deformities, chronic pain, and

The Ilizarov technique, a method of distraction
osteogenesis, has revolutionized the management of limb
length discrepancies caused by various etiologies,
including chronic osteomyelitis. This technique involves
gradual distraction of bone segments after performing a
corticotomy, allowing for simultaneous bone
regeneration and soft tissue adaptation. It provides the
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dual advantage of correcting limb length while managing
infection through stable fixation, thus minimizing the
need for extensive bone grafting [4-5].

Corticotomy, a controlled surgical fracture of
bone, is a critical step in the Ilizarov method. It can be
performed primarily at the initial stage of external
fixation (primary corticotomy) or later, after initial
infection control and stabilization (secondary
corticotomy). The choice between primary and
secondary corticotomy can influence the duration of
treatment, consolidation rate, risk of infection
recurrence, and overall functional outcome [6].

Primary corticotomy is often considered when
the infected segment is debrided, and limb lengthening
can commence immediately under the same Ilizarov
frame. This approach may reduce total treatment time but
carries a risk of compromising bone healing if infection
is not fully controlled. Secondary corticotomy, on the
other hand, is performed after ensuring infection
eradication and soft tissue stabilization [7-8]. Though it
may lengthen the overall treatment period, it can provide
a safer environment for bone regeneration and reduce the
chances of recurrent infection.

Despite the clinical significance of these
approaches, there is limited literature directly comparing
the outcomes of primary versus secondary corticotomy
in chronic osteomyelitis- related limb shortening.
Parameters such as duration of distraction, consolidation
index, complication rates, and functional recovery
remain areas of active investigation. Understanding these
differences is essential for guiding surgical decision-
making and optimizing patient outcomes.

OBJECTIVE

Therefore, this study aims to compare the
efficacy, safety, and functional results of primary and
secondary corticotomy of the proximal tibia in patients
with limb shortening due to chronic osteomyelitis, using
the Ilizarov technique.

METHODOLOGY

This comparative study was conducted at a
tertiary care hospital in Khulna, Bangladesh, from 2020
to 2024, and included 58 patients with limb shortening
due to chronic osteomyelitis of the proximal tibia.
Patients were divided into two groups: 28 in the primary
corticotomy group and 28 in the secondary corticotomy
group. The majority of participants were male. Ethical
approval was obtained from the hospital’s ethical
committee.

Inclusion criteria comprised adult patients with
tibial shortening resulting from chronic osteomyelitis
who were suitable for treatment with the Ilizarov
technique. Patients with uncontrolled systemic infection,
severe comorbidities affecting bone healing, prior failed

limb lengthening procedures, or active vascular
compromise were excluded. Demographic data, duration
of infection, degree of limb shortening, and prior
interventions were recorded.

All patients underwent thorough preoperative
evaluation, including laboratory tests (complete blood
count, ESR, CRP) and imaging (X-ray and CT scan for
some cases) to assess the extent of osteomyelitic
involvement, bone quality, and deformities. Infection
control was prioritized through meticulous debridement
of necrotic bone and soft tissue under sterile conditions.
Appropriate intravenous antibiotics were administered
preoperatively and continued postoperatively according
to culture and sensitivity results.

In the primary corticotomy group, corticotomy
of the proximal tibia was performed immediately after
debridement, and the Ilizarov external fixator was
applied during the same surgical session. In the
secondary corticotomy group, corticotomy was delayed
until clinical and laboratory parameters indicated
infection control, typically 4-8 weeks after initial
debridement. Gradual distraction was initiated at a rate
of 1 mm/day, divided into four increments of 0.25 mm,
with radiographic monitoring to assess bone regenerate
formation and alignment.

Postoperative management included early
mobilization of the knee and ankle joints, weight bearing
as tolerated, and regular pin-site care to prevent
infection. Follow-up visits were scheduled to monitor
progress of limb lengthening, callus formation, fixator
stability, and alignment. Bone union and consolidation
were defined clinically by absence of pain or abnormal
motion and radiologically by bridging callus formation.
Functional outcomes were evaluated using ASAMI
criteria, and complications—including infection
recurrence, non- union, malalignment, or need for
additional interventions—were recorded systematically.

Data were analyzed to compare treatment
efficacy, duration of external fixation, consolidation
index, functional outcomes, and complication rates
between the two groups. A p-value <0.05 was considered
statistically significant.

RESULTS

The study population predominantly consisted
of male patients, with 25 males (89%) in the primary
corticotomy group and 26 males (93%) in the secondary
corticotomy group. The mean age of patients was similar
between the groups, at 30.2 + 12.1 years in the primary
group and 32 + 11.5 years in the secondary group. The
most common cause of injury in both groups was motor
vehicle accidents, accounting for 23 patients (82%) in the
primary group and 25 patients (89%) in the secondary
group. Falls and other causes were less frequent,
comprising 14% and 11% of injuries, respectively, in
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both groups. These findings indicate that the
demographic characteristics and mechanisms of injury
were comparable between the two groups.

Table 1: Demographic Characteristics and Cause of Injury

Parameter Primary Corticotomy (n=28) | Secondary Corticotomy (n=28)
Male, n (%) 25 (89%) 26 (93%)
Age, mean = SD (years) | 30.2+12.1 320+11.5

Cause of Injury, n (%) MVA: 23 (82%)
Fall: 4 (14%)

Other: 1 (15%)

MVA: 25 (89%)
Fall: 3 (11%)
Other: 0 (00%)

The average limb lengthening achieved was 4.4
cm in both the primary and secondary corticotomy
groups. Bone defects were observed in 6 patients in the
primary corticotomy group and 2 patients in the
secondary corticotomy group. Tibial shortening was
noted in 4 patients in the primary group and 2 patients in

the secondary corticotomy group. These findings
indicate that although both groups achieved similar limb
lengthening outcomes, primary corticotomy was
associated with a higher frequency of bone defects and
tibial shortening compared with secondary corticotomy.

Table 2: Limb Lengthening and Bone Defects

Parameter Primary Corticotomy (n=28) | Secondary Corticotomy (n=28)
Average limb lengthening (cm) | 4.4 4.4

Bone defect, n 6 2

Tibial shortening, n 4 2

Bone union was achieved in 24 patients (86%)
in the primary corticotomy group, while 26 (93%)
patients in the secondary corticotomy group achieved
union. The median time to recovery was shorter in the
primary corticotomy group at 18 months compared to 24
months in the secondary corticotomy group. The median
number of surgical interventions was also lower in the
secondery group (3 operations) than in the primary group

(5 operations). Chronic osteomyelitis recurred in 3
patients in the primary corticotomy group, and one
patient in this group required below-knee amputation. 1
cases of recurrence no amputation occurred in the
secondary corticotomy group. Overall, both groups
demonstrated high union rates, though secondary
corticotomy required a longer recovery period and less
surgical interventions.

Table 3: Union and Recovery Outcomes

Parameter Primary Corticotomy (n=28) | Secondary Corticotomy (n=28)
Union achieved, n (%) 24 (86%) 26 (93%)

Median time to recovery (in months) 18 24

Median number of operations 5 3

Chronic osteomyelitis recurrence, n 3 1

Below-knee amputation, n 1 0

Functional outcomes assessed using ASAMI
scoring demonstrated that in the secondary corticotomy
group, 15 patients (54%) achieved excellent results and
10 patients (36%) had good results, with 1 patient (4%)
fair and no poor outcomes, yielding an overall good-to-
excellent rate of 90%. In contrast, the primary
corticotomy group showed 12 patients (43%) with
excellent results, 8 patients (29%) with good results, and

4 patients (14%) with fair results, resulting in a
significantly lower overall good-to-excellent rate of
72%. These findings indicate that secondary corticotomy
was associated with superior functional outcomes
compared to primary corticotomy in patients undergoing
limb lengthening for tibial shortening due to chronic
osteomyelitis.

Table 4: Functional Outcome (ASAMI Scoring)

ASAMI Functional Result Primary Corticotomy (n=28) | Secondary Corticotomy (n=28)
Excellent 12 (43%) 15 (54%)

Good 8(29%) 10 (36%)

Fair 4 (14%) 1 (4%)

Poor 0 (0%) 0 (0%)

Overall Good + Excellent (%) | 72% 90%
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In terms of complications, pin tract infections
were the most common complication, occurring in 12
patients (43%) in the primary corticotomy group.
Stiffness around the knee or ankle was observed in 6
patients in the primary group and 5 patients in the
secondary group, while minor angular deformities
occurred in 3 and 2 patients, respectively. Nonunion was
reported in 4 patients in the primary corticotomy group
and in 2 patient in the secondary corticotomy group.
Similarly, chronic osteomyelitis recurrence was noted in

3 patients in the primary group and 1 patient in the
secondary group. Tibial shortening occurred in 4 patients
in the primary corticotomy group and 2 patients in the
secondary corticotomy group. Below-knee amputation
was required in no patients in the secondary corticotomy
group, whereas 1 below knee amputation occurred in the
primary group. Overall, both groups demonstrated
manageable complications, although certain
complications such as nonunion and tibial shortening
were more frequent in the secondary corticotomy group.

Table 5: Complications

Complication Primary Corticotomy (n=28) | Secondary Corticotomy (n=28)
Pin tract infection, n 12 (43%) 10 (36%)

Stiffness (knee/ankle), n 6 5

Minor angulation, n 3 2

Nonunion, n 4 2

Chronic osteomyelitis recurrence, n 3 1

Tibial shortening, n 4 2

Below-knee amputation, n 1 0

DISCUSSION

In this study, we compared primary and
secondary corticotomy of the proximal tibia using the
[lizarov technique for limb lengthening in patients with
tibial shortening due to chronic osteomyelitis. The study
population was predominantly male, which is consistent
with previous reports indicating a higher incidence of
high-energy trauma among males [10]. Motor vehicle
accidents were the most common cause of injury in both
groups, reflecting global trends where road traffic
accidents represent a major cause of severe tibial trauma
and subsequent osteomyelitis [11]. The similar
demographic characteristics between the two groups
suggest that the cohorts were well matched, minimizing
potential confounding factors.

Both the primary and secondary corticotomy
groups achieved a comparable mean limb lengthening of
approximately 4.4 cm. However, bone defects and
residual tibial shortening were slightly more frequent in
the primary corticotomy group. These findings may
reflect the complexity of managing infection and bone
loss during the early stages of treatment. Previous studies
have demonstrated that distraction osteogenesis using the
Ilizarov technique can effectively achieve tibial
lengthening of 3—6 cm regardless of corticotomy timing,
although additional procedures may sometimes be
required when bone defects are present [12].

Bone union rates were high in both groups,
reaching approximately 86% in the primary corticotomy
group and over 93% in the secondary corticotomy group.
Despite the higher union rate in the secondary group, the
median recovery period was longer compared with the
primary corticotomy group. This prolonged recovery
may be related to the delayed surgical approach and the
need to address infection control before performing
corticotomy. Similar findings have been reported in

previous studies where delayed osteotomy in infected
tibial cases resulted in longer consolidation periods [10].
Recurrence of chronic osteomyelitis and major
complications such as below-knee amputation were
uncommon in this study, although amputation occurred
only in the primary corticotomy group.

Functional outcomes assessed using the
ASAMI scoring system demonstrated better results in the
secondary corticotomy group. A higher proportion of
patients in this group achieved excellent or good
functional outcomes compared with those who
underwent primary corticotomy. These findings suggest
that delaying corticotomy until adequate infection
control and soft-tissue stabilization may contribute to
improved functional recovery. Previous research has
similarly indicated that functional outcomes depend not
only on the degree of limb lengthening but also on the
timing of osteotomy and the condition of surrounding
soft tissues [8].

The overall complication profile was
comparable between the two groups. Pin tract infection
was the most common complication observed, followed
by joint stiffness and minor angular deformities. These
complications are frequently reported in studies
involving the Ilizarov technique but are usually
manageable with appropriate local care and antibiotic
therapy [7-11]. Nonunion and recurrence of
osteomyelitis occurred in a small number of patients in
both groups, highlighting the importance of careful
follow-up and early intervention in complex cases of
infected tibial shortening.

Overall, the findings of this study suggest that
both primary and secondary corticotomy using the
Ilizarov technique are effective treatment options for
tibial shortening associated with chronic osteomyelitis.
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However, secondary corticotomy may provide better
functional outcomes and slightly higher union rates,
although it may require a longer recovery period.

CONCLUSION

In conclusion, both primary and secondary
corticotomy using the Ilizarov technique are effective for
correcting limb  shortening in chronic tibial
osteomyelitis, achieving comparable limb lengthening
and high union rates. Primary corticotomy offers the
advantage of shorter recovery time, whereas secondary
corticotomy, performed after infection control and soft
tissue stabilization, is associated with superior functional
outcomes and a higher rate of good-to- excellent ASAMI
scores, despite a slightly longer treatment period and
more complex surgical course.

REFERENCES

1. Gustilo RB, Mendoza RM, Williams DN. Problems
in the management of type III (severe) open
fractures: a new classification of type III open
fractures. J Trauma 1984; 24: 742-746.

2. Stalekar H, Fuckar Z, Ekl D, Susti¢ A, Loncarek K,
Ledi¢c D. Primary vs secondary wound
reconstruction in Gustilo type III open tibial shaft
fractures: follow-up study of 35 cases. Croat Med J
2003; 44: 746-755.

3. Sidkamp NP, Haas NP, Sinnig M, Sottmann G,
Tscherne H. Incidence of pseudarthroses in open
fractures: analysis of 948 open fractures. Aktuelle
Traumatol 1993; 23: 59-67.

4. Azcona LA, Gutierrez GE, Fernandez CJ, Natera
OM, RuizSpeare O, Ali J. Attrition of advanced

10.

11.

12.

trauma life support (ATLS) skills among ATLS
instructors and providers in Mexico. J Am Coll Surg
2002; 195: 372-377.

Bhandari M, Guyatt GH, Swiontkowski MF,
Schemitsch EH. Treatment of open fractures of the
shaft of the tibia: A systematic overview and meta-
analysis. J Bone Joint Surg Br 2001; 83: 62—68.
Dunbar RP, Gardner MIJ. Initial management of
open fractures. In: Bucholz RW, Court- Brown CM,
Heckman JD, Tornetta III P. Rockwood and Green's
fractures in adults. 7th ed. Philadelphia; Lippincott
Williams & Wilikins; 2010: 283-300.

Watson JT. Principles of external fixation. In:
Bucholz RW, Court-Brown CM, Heckman JD,
Tornetta III P. Rockwood and Green's fractures in
adults. 7th ed. Philadelphia; Lippincott Williams &
Wilikins; 2010: 206 —240.

Gopal S, Majumder S, Batchelor AG, Knight SL, De
Boer P, Smith RM. Fix and flap: the radical
orthopaedic and plastic treatment of severe open
fractures of the tibia. ] Bone Joint Surg Br 2000; 82:
959-966.

Johner R, Wruhs O. Classification of tibial shaft
fractures and correlation with results after rigid
internal fi xation. Clin Orthop 1983; 178: 7-25.
Nicoll EA. Closed and open management of tibial
fractures. Clin Orthop 1974; 105: 144—153.

Cierny G III, Byrd HS, Jones RE. Primary versus
delayed softtissue coverage for severe open tibial
shaft fractures. Clin Orthop 1983; 178: 54-63.
Shtarker H, David R, Stolero J, Grimberg B,
Soundry M. Treatment of open tibial fractures with
primary suture and Ilizarov fi xation. Clin Orthop
1997; 335: 268-274.

| © 2026 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India 432




