2026, Vol. 1, No. 2, pp. 46-57
https://doi.org/10.11648/j.ajot.20260102.12

American Journal of Orthopaedics and Traumatology @ SciencePG
|

Science Publishing Group

Research Article

Secondary Dynamization by llizarov External Ring Fixator
After Failure of Diaphyseal Nonunion with Intramedullary
Nailing Keeping Nail in Situ

Hamidul Islam® ®, Muhammad Anwar Hossen @, Akman Hossain, Shorfuddin @,
Sazzad Hossain @, Asif Rahman @, Nasir Uddin @, Faisal Haque

Department of Orthopedic Surgery, National Institute of Traumatology & Orthopaedic Rehabilitation (NITOR), Dhaka,
Bangladesh

Abstract

Background: Diaphyseal nonunion following failed intramedullary nailing is a challenging orthopedic condition. Secondary
dynamization using an llizarov external ring fixator while retaining the intramedullary nail may improve fracture healing and
functional recovery. Objective: To evaluate the clinical and radiological outcomes of secondary dynamization using an llizarov
external ring fixator after failure of diaphyseal nonunion with intramedullary nailing while keeping the nail in situ. Methods:
This prospective study was conducted at the Department of Orthopaedic Surgery, NITOR, Dhaka, Bangladesh, from June 2024
to May 2026. Thirty patients with diaphyseal nonunion following failed intramedullary nailing were treated with secondary
dynamization using an Ilizarov external ring fixator while retaining the intramedullary nail. Clinical, radiological, and functional
outcomes were analyzed using SPSS version 22.0. Results: The mean age of the participants was 35.7 9.2 years, and 80.0%
were male. Fracture union was achieved in 93.3% of patients, with a mean union time of 18.8 3.4 weeks. At final follow-up,
86.7% achieved full weight bearing, 80.0% regained full range of motion, and the mean VAS pain score improved from 7.4 +
1.2 to 1.9 +£0.8. Pin tract infection was the most common complication (23.3%), and infection was significantly associated with
persistent nonunion (p = 0.014). Conclusion: Secondary dynamization with an Ilizarov external ring fixator while retaining the
intramedullary nail is an effective and reliable treatment for diaphyseal nonunion, providing a high union rate and good functional
outcome.
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1. Introduction

Diaphyseal nonunion remains one of the most challenging  fracture fixation techniques have significantly improved union
complications in orthopedic trauma surgery, resulting in pro- rates, nonunion continues to occur in approximately 1-10% of
longed disability, repeated surgical interventions, increased long bone fractures depending on the fracture pattern, anatom-
healthcare costs, and reduced quality of life. Although modern ical location, degree of soft tissue injury, and patient-related

“Correspondence: Hamidul Islam (drhamidulO@gmail.com)

Received: 28 July 2026; Accepted: 6 August 2026; Published: 22 August 2026

@ Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/ajot
http://www.sciencepg.com/journal/562/archive/5620102
http://www.sciencepg.com/
https://orcid.org/0009-0000-8318-2599
https://orcid.org/0009-0009-7151-8062
https://orcid.org/0009-0004-5368-1724
https://orcid.org/0009-0001-0619-4809
https://orcid.org/0009-0004-6944-1098
https://orcid.org/0009-0002-0548-465X
https://orcid.org/0009-0008-9261-5016
http://www.sciencepg.com

American Journal of Orthopaedics and Traumatology

http://www.sciencepg.com/journal/ajot

risk factors such as smoking, diabetes mellitus, infection, and
osteoporosis [1, 2]. Tibial and femoral shaft fractures are par-
ticularly prone to delayed union and nonunion because of their
limited blood supply, extensive soft tissue damage in high-en-
ergy trauma, and the mechanical demands placed upon these
weight-bearing bones [3].

Intramedullary nailing (IMN) is considered the gold stand-
ard for the management of most diaphyseal fractures of the
femur and tibia because it provides stable fixation while pre-
serving the periosteal blood supply and allowing early mobi-
lization [4]. Despite these advantages, failure of fracture heal-
ing following IMN remains a recognized complication. Non-
union after intramedullary nailing may result from inadequate
mechanical stability, impaired biological healing potential, in-
fection, bone loss, or a combination of these factors [5]. Tra-
ditionally, management options include exchange reamed
nailing, augmentative plating with or without bone grafting,
nail dynamization, bone grafting, and external fixation. How-
ever, no single treatment modality is universally effective for
all types of nonunion, particularly in cases with multiple pre-
vious surgeries or compromised biology [6].

The concept of dynamization has been widely adopted to
stimulate fracture healing by converting a statically locked in-
tramedullary nail into a load-sharing construct through the re-
moval of one or more locking screws. Controlled axial micro-
motion enhances callus formation by increasing physiological
compression across the fracture site while maintaining align-
ment [7]. Although primary nail dynamization is effective in
selected delayed unions, its success decreases substantially in
established nonunion, especially when significant instability,
deformity, or biological deficiency exists [8]. Furthermore, re-
moval of locking screws alone may not provide sufficient
compression in long-standing nonunion or in fractures with
bone defects.

The llizarov external ring fixator has revolutionized the
treatment of complex nonunions through the principles of ten-
sion-stress, stable circular fixation, and controlled compres-
sion-distraction osteogenesis. Since its introduction by Gavriil
llizarov, the technique has demonstrated high union rates in
aseptic and infected nonunion, bone defects, deformity correc-
tion, and limb length discrepancy [9]. Circular external fixa-
tion offers multiplanar stability while permitting progressive
compression, correction of deformity, early weight bearing,
and preservation of local blood supply. Importantly, it facili-
tates biological stimulation of osteogenesis without extensive
surgical exposure, thereby minimizing additional soft tissue
trauma [10].

Secondary dynamization using an llizarov external ring fix-
ator while keeping the intramedullary nail in situ has emerged
as an attractive limb-salvage strategy in selected patients with
failed diaphyseal nonunion after IMN. This combined tech-
nique integrates the internal stability of the retained nail with
the adjustable compression provided by the circular fixator.
The intramedullary nail maintains alignment and rotational

47

stability, whereas the Ilizarov frame allows gradual axial com-
pression and controlled dynamization across the nonunion site.
Consequently, extensive implant removal, exchange nailing,
or repeated open surgery may be avoided, reducing operative
time, blood loss, and soft tissue disruption [11].

Several clinical studies have reported encouraging out-
comes using combined nail-1lizarov constructs, demonstrating
union rates exceeding 90% in difficult tibial and femoral non-
unions, including cases complicated by failed previous fixa-
tion, deformity, infection, and segmental bone loss [12, 13].
Retaining the intramedullary nail also decreases the duration
of external fixation compared with Ilizarov treatment alone
because the nail provides internal support after frame removal.
This approach improves patient comfort, facilitates rehabilita-
tion, and reduces complications associated with prolonged ex-
ternal fixation such as pin tract infection and joint stiffness
[14].

Despite these promising results, evidence regarding sec-
ondary dynamization with an Ilizarov external ring fixator af-
ter failed diaphyseal nonunion while retaining the original in-
tramedullary nail remains limited. Most published studies
consist of retrospective case series with heterogeneous patient
populations and varying surgical protocols. Therefore, further
evaluation is necessary to determine union rates, functional
outcomes, complications, time to union, and factors influenc-
ing treatment success. Such evidence may help establish this
combined technique as a reliable alternative to exchange nail-
ing or extensive revision surgery in carefully selected patients
with complex diaphyseal nonunion [15].

The present study was undertaken to evaluate the effective-
ness of secondary dynamization by llizarov external ring fix-
ator after failure of diaphyseal nonunion with intramedullary
nailing while keeping the nail in situ. The findings are ex-
pected to provide further evidence regarding the role of this
minimally invasive limb-salvage technique and its potential as
an alternative to exchange nailing or extensive reconstructive
procedures in the management of challenging diaphyseal non-
unions.

2. Objectives

The main objective was to evaluate the outcome of second-
ary dynamization using an llizarov external ring fixator with
the intramedullary nail retained in situ for the treatment of di-
aphyseal nonunion after failed intramedullary nailing.

3. Methodology & Materials

This prospective study was conducted in the Department of
Orthopaedic Surgery, National Institute of Traumatology and
Orthopaedic Rehabilitation (NITOR), Dhaka, Bangladesh,
over a period from June 2024 to May 2026 years. The study
included patients with diaphyseal nonunion following failed
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intramedullary nailing who were managed by secondary dy-
namization using an llizarov external ring fixator while keep-
ing the intramedullary nail in situ. Eligible patients were en-
rolled consecutively after obtaining informed written consent.
A total of 30 patients were included in the study through con-
secutive sampling.

3.1. Selection Criteria

3.1.1. Inclusion Criteria

1) Patients aged 18 years or above with established diaph-
yseal nonunion following intramedullary nailing.

2) Patients treated with secondary dynamization using an
Ilizarov external ring fixator while retaining the intrame-
dullary nail in situ.

3) Patients willing to participate and provide written in-
formed consent.

3.1.2. Exclusion Criteria

1) Patients with pathological fractures.

2) Patients with severe neurovascular injury requiring am-

putation.

3) Patients with incomplete clinical or radiological records.

4) Patients unwilling to participate or lost to follow-up be-

fore assessment of fracture union.

A structured case record form was used for data collection.
Baseline demographic variables included age, sex, smoking
status, and associated comorbidities. Injury-related variables
included mechanism of injury, involved bone (femur or tibia),
side of injury, AO fracture classification, duration of nonun-
ion, and number of previous surgical procedures. Operative
variables included the type of nonunion (hypertrophic, oligo-
trophic, or atrophic), presence of infection, duration of surgery,
duration of external fixation, and time to full weight bearing.
All patients underwent secondary dynamization using an
llizarov external ring fixator while the previously inserted in-
tramedullary nail was retained in situ. Standard postoperative
rehabilitation protocols were followed. Clinical evaluation
was performed during each follow-up visit and included as-
sessment of pain using the Visual Analogue Scale (VAS),
weight-bearing status, range of motion of adjacent joints, limb
alignment, limb length discrepancy, and overall functional re-
covery. Functional outcome at the final follow-up was graded
as excellent, good, fair, or poor according to the predeter-
mined functional assessment criteria used in the study. Radi-
ological assessment was carried out using standard anteropos-
terior and lateral radiographs obtained at regular follow-up in-
tervals. Fracture union was considered achieved when bridg-
ing callus was observed across at least three cortices, accom-
panied by painless full weight bearing and the absence of ab-
normal movement at the nonunion site. Time to union and du-
ration of external fixation were also recorded. The primary
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outcome measure was fracture union. Secondary outcome
measures included time to fracture union, duration of external
fixation, pain improvement, functional outcome, weight-bear-
ing ability, range of motion, limb alignment, limb length dis-
crepancy, and postoperative complications. Complications
evaluated included pin tract infection, wire loosening, implant
failure, delayed union, persistent nonunion, malalignment, re-
fracture, and joint stiffness.

3.2. Statistical Analysis

All collected data were checked for completeness and con-
sistency before analysis. Data were entered into a computer
and analyzed using Statistical Package for the Social Sciences
(SPSS) version 22.0. Continuous variables were expressed as
mean =*standard deviation (SD), while categorical variables
were presented as frequency and percentage. Descriptive sta-
tistics were used to summarize demographic characteristics
and treatment outcomes. Where appropriate, paired or inde-
pendent t-tests and Chi-square or Fisher's exact tests were
used for comparison. A p-value <0.05 was considered statisti-
cally significant. The findings were presented using tables,
charts, and graphical illustrations.

3.3. Quality Assurance

A standardized data collection form was used for data col-
lection. Clinical and radiological assessments were performed
using uniform criteria. Data were checked for completeness
and accuracy before analysis, and statistical analysis was con-
ducted under the supervision of the principal investigator.

3.4. Ethical Considerations

Ethical approval was obtained from the Institutional Re-
view Board (IRB)/Ethical Review Committee of NITOR.
Written informed consent was obtained from all participants.
Confidentiality was maintained throughout the study, and par-
ticipation was voluntary. All procedures were conducted in
accordance with the Declaration of Helsinki.

4. Result

Table 1 shows the demographic characteristics of the study
participants. The mean age was 35.7 9.2 years, with the
highest proportion (40.0%) aged 30-39 years. Most partici-
pants were male (80.0%). Half of the patients were smokers
(50.0%). Regarding comorbidities, 66.7% had no associated
comorbidity, while diabetes mellitus, hypertension, and both
diabetes with hypertension were present in 16.7%, 10.0%, and
6.6% of patients, respectively.
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Table 1. Demographic characteristics of the study participants Table 2. Injury and fracture characteristics of the study participants

(n=30). (n=30).

Variable Frequency (n)  Percentage (%) Variable Frequency (n) Percentage (%0)

Age (years) Mechanism of injury

18-29 8 26.7% Road traffic accident 18 60%

30-39 12 40% Fall from height 9 30%

40-49 7 23.3% Assault 2 6.7%

>50 3 10% Sports injury 1 3.3%

Mean £SD 35.7 9.2 Bone involved

Sex Tibia 19 63.3%

Male 24 80% Femur 11 36.7%

Female 6 20% Side involved

Smoking status Right 17 56.7%

Smoker 15 50% Left 13 43.3%

Non-smoker 15 50% AO Classification

Comorbidity Type A 11 36.7%

None 20 66.7% Type B 12 40%

Diabetes mellitus 5 16.7% Type C 7 23.3%

Hypertension 3 10% Duration of nonunion

Diabetes + Hypertension 2 6.6% 6-9 months 10 33.3%
10-12 months 12 40%
>12 months 8 26.7%

Mean +SD 10.4 +2.8 months

Previous surgeries

One 18 60%
Two 9 30%
>3 3 10%

Table 2 presents the injury and fracture characteristics of the
study participants. Road traffic accident was the most common
mechanism of injury (60.0%), followed by fall from height
(30.0%). The tibia was involved in 63.3% of cases, and the right
side was affected in 56.7%. According to the AO classification,
Type B fractures (40.0%) were the most frequent. The mean
duration of nonunion was 10.4 +2.8 months, and 60.0% of pa-
tients had undergone one previous surgical procedure.

/
AP NITOR Step : Femur AP NITOR
e Print Zoom ; 95.20%% \

Table 3. Operative characteristics (n=30).

Frequency Percentage

Figure 1. Preoperative anteroposterior (AP) and lateral radio- Variable ") (%)

graphs of a 26-year-old male patient showing diaphyseal nonunion

of the femur following failed intramedullary nailing. .
Type of nonunion
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Frequency Percentage

Variable " (%)
Hypertrophic 18 60%
Oligotrophic 8 26.7%
Atrophic 4 13.3%
Infection

Present 4 13.3%
Absent 26 86.7%
Operative variables

Operative time (minutes) 94.8 +15.6
External fixation duration (weeks) 18.9 +£3.8

Time to full weight bearing (weeks) 7.1 +1.8

Table 3 shows the operative characteristics of the study par-
ticipants. Hypertrophic nonunion was the most common type
(60.0%), while infection was present in 13.3% of patients. The
mean operative time was 94.8 £15.6 minutes, the mean dura-
tion of external fixation was 18.9 +3.8 weeks, and patients
achieved full weight bearing after a mean of 7.1 £1.8 weeks.

Step : Femur AP NITOR

fint Zoom : 100.00% Step : FemurtAR

Print Zoom : 99.76%

%

Figure 2. Intraoperative AP and lateral radiographs showing sec-
ondary dynamization with an llizarov external ring fixator while re-
taining the intramedullary nail in situ.
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01 : 10:58:03 TOI: 10:58:59

Figure 3. Postoperative AP and lateral radiographs demonstrating
successful fracture union at final follow-up.

Step : Femur AP NITOR

Step : Femur
Print Zoom : 100.00% LAg

PrintZoom : 88,64%¢

Table 4. Clinical and radiological outcome (Primary outcome).

. Frequency  Percentage
Variable ") (%)
Fracture union achieved 28 93.3%
Persistent nonunion 2 6.7%
Radiological union 28 93.3%
External fixator removed suc- 28 93.3%

cessfully

Table 4 presents the primary clinical and radiological out-
comes of the study. Fracture union was successfully achieved
in 93.3% of patients, while persistent nonunion occurred in
6.7%. Radiological union was observed in 93.3% of cases, and
the external fixator was successfully removed in the same pro-
portion of patients. The mean time to fracture union was 18.8
+3.4 weeks.

Table 5. Time to Fracture Union among Patients with Successful Un-
ion.

Time Frequency Percentage (%)
<16 weeks 8 28.6%
17-20 weeks 12 42.8%
>20 weeks 8 28.6%
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Table 5 shows the distribution of fracture union time among
patients who achieved union. The largest proportion (42.8%)
achieved union between 17 and 20 weeks, whereas 28.6%

achieved union within 16 weeks and another 28.6% required
more than 20 weeks. The mean union time was 18.8 +3.4

weeks.

Table 6. Functional outcome after treatment.

Variable
Full
Weight bearing Partial
Unable
Full
Range of motion Mild restriction

Moderate restriction

Normal
Limb alignment
Mild malalignment

None
Limb-length discrepancy <lcm
>1 cm
Pain score
Preoperative VAS

Final follow-up VAS

Table 6 presents the functional outcomes following treat-
ment. At final follow-up, 86.7% of patients achieved full
weight bearing and 80.0% regained full range of motion. Nor-
mal limb alignment was observed in 90.0% of patients, while
73.3% had no limb-length discrepancy. The mean pain score
(VAS) improved markedly from 7.4 +1.2 preoperatively to
1.9 0.8 at final follow-up.

= Excellent
= Good
Fair

Poor

Figure 4. Functional grading of the study participants.

Figure 4 illustrates the functional grading of the study par-
ticipants. Most patients had excellent (50.0%) or good (33.3%)
functional outcomes, while 13.3% had fair and 3.3% had poor

outcomes after treatment.
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Frequency (n)

Percentage (%0)

26 86.7%
3 10%

1 3.3%
24 80%

5 16.7%
1 3.3%
27 90%

3 10%
22 73.3%
6 20%

2 6.7%
7412

1.9+038

Table 7. Complications following treatment (n=30).

Complication Frequency (n) Percentage (%)
None 16 53.3%

Pin tract infection 7 23.3%

Wire loosening 2 6.7%

Joint stiffness 2 6.7%

Delayed union 1 3.3%

Implant failure 1 3.3%

Persistent nonunion 1 3.3%

Table 7 shows the postoperative complications observed
among the study participants. More than half of the patients
(53.3%) experienced no complications. The most common
complication was pin tract infection (23.3%), followed by
wire loosening and joint stiffness (6.7% each). Delayed union,
implant failure, and persistent nonunion were each observed
in 3.3% of patients.
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Table 8. Association between type of nonunion and fracture union.

Type of nonunion Union Nonunion
Hypertrophic 18 0
Oligotrophic 7 1
Atrophic 3 1
Total 28 2

Table 8 presents the association between the type of honunion
and fracture union. Fracture union was achieved in all patients
with hypertrophic nonunion, whereas nonunion occurred in one

Total P-value
18
8
0.143
4
30

patient each with oligotrophic and atrophic nonunion. However,
the association between the type of nonunion and fracture union
was not statistically significant (x> = 4.82, p = 0.143).

Table 9. Association between infection and fracture union.

Infection Union Nonunion
Present 2 2
Absent 26 0
Total 28 2

Table 9 shows the association between infection and frac-
ture union. Persistent nonunion occurred only among patients
with infection, whereas all patients without infection achieved
successful fracture union. This association was statistically
significant (Fisher's Exact Test, p = 0.014), indicating that in-
fection was significantly associated with poorer fracture heal-

ing.

5. Discussion

The present prospective study evaluated the effectiveness
of secondary dynamization using an Ilizarov external ring fix-
ator while retaining the intramedullary nail in situ for the man-
agement of diaphyseal nonunion following failed intramedul-
lary nailing. A total of 30 patients were included. The study
assessed demographic characteristics, injury profile, operative
variables, fracture union, functional outcome, and postopera-
tive complications. The mean age of the study participants was
35.7 £9.2 years, with the majority of patients (40.0%) belong-
ing to the 30-39 years age group. This finding indicates that
diaphyseal nonunion predominantly affects young and mid-
dle-aged adults, who represent the economically productive
population and are more frequently exposed to high-energy
trauma. Similar findings were reported by Menon et al. (2002),
who investigated augmentative llizarov external fixation after
failed intramedullary nailing and found that most patients
were young adults with a mean age of approximately 31 years
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Total P-value
4

26 0.014
30

[16]. Their study also demonstrated that this treatment modal-
ity was effective in restoring union in active individuals with
resistant diaphyseal nonunion. A comparable age distribution
was also described by Rozbruch and colleagues and by subse-
quent studies evaluating llizarov techniques for complex long-
bone nonunion, which reported that these injuries are primar-
ily encountered in adults between the third and fifth decades
of life because of their greater involvement in road traffic ac-
cidents and occupational injuries [17]. The present study
demonstrated a marked male predominance (80.0%), whereas
females accounted for only 20.0% of the study population.
This observation is consistent with the epidemiological pat-
tern of long-bone fractures worldwide, where males sustain
significantly more high-energy trauma than females. Menon
et al. likewise reported that most patients requiring augment-
ative Ilizarov fixation after failed intramedullary nailing were
male [16]. Similar male predominance has also been reported
in studies evaluating infected tibial nonunion treated by the
Ilizarov method [18]. Smoking is a well-recognized biological
risk factor for delayed fracture healing because nicotine
causes peripheral vasoconstriction, impairs osteoblast activity,
and reduces callus formation. In the present study, 50.0% of
the patients were smokers. Although the current study did not
specifically evaluate the independent effect of smoking on
fracture union, previous orthopedic literature has consistently
demonstrated that smoking adversely affects fracture healing
and increases the risk of delayed union and nonunion. There-
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fore, smoking cessation should be emphasized before and af-
ter reconstructive procedures for long-bone nonunion.
Regarding associated medical conditions, 66.7% of patients
had no significant comorbidity, while diabetes mellitus and
hypertension were present in a smaller proportion of partici-
pants. Diabetes is recognized as an important factor contrib-
uting to impaired fracture healing through reduced angiogen-
esis, delayed osteogenesis, and an increased susceptibility to
infection. Consequently, careful optimization of glycaemic
control before definitive reconstructive surgery is recom-

mended to improve the likelihood of successful fracture union.

Similar observations have been reported by Maini et al., who
found that systemic comorbidities, particularly diabetes and
infection, adversely affected the management of long-bone
nonunion treated with the Ilizarov technique [19]. Likewise,
Ding et al. demonstrated in a systematic review and meta-
analysis that patients with diabetes had more than twice the
risk of impaired fracture healing, including delayed union and
nonunion, compared with non-diabetic patients [20]. Overall,
the demographic profile of the present study closely resembles
that reported in previous investigations of Ilizarov-assisted
treatment of diaphyseal nonunion, suggesting that young adult
males with high-energy traumatic injuries remain the popula-
tion most frequently requiring secondary reconstructive pro-
cedures after failure of intramedullary nailing. In the present
study, road traffic accident (RTA) was the predominant mech-
anism of injury, accounting for 60.0% of all cases, followed
by falls from height (30.0%). This finding is consistent with
the epidemiology of diaphyseal fractures reported worldwide,
where high-energy trauma remains the leading cause of long-
bone fractures and subsequent nonunion. Menon et al. re-
ported that most patients requiring augmentative Ilizarov ex-
ternal fixation after failed intramedullary nailing sustained in-
juries following high-energy trauma, particularly road traffic
accidents [16]. The authors emphasized that severe soft tissue
injury and extensive bone damage associated with these inju-
ries increase the risk of delayed union and nonunion. The tibia
was the most commonly affected bone in the present series
(63.3%), whereas femoral involvement constituted 36.7%.
This observation agrees with Gulabi et al., who reported that
tibial shaft nonunion is encountered more frequently because
of the subcutaneous location of the tibia, its relatively poor
soft-tissue envelope, and its vulnerability to open injuries and
infection [11]. Their study demonstrated favorable outcomes
using an llizarov external fixator combined with an intrame-
dullary nail for tibial nonunion with bone loss.

The right lower limb was involved in 56.7% of patients,
which is comparable to previous orthopedic series where no
significant difference between right- and left-sided injuries
has been demonstrated. The predominance of right-sided in-
juries may simply reflect the dominance of the right lower ex-
tremity during daily activities and driving, although side in-
volvement has not been shown to influence fracture healing
significantly. According to the AO fracture classification,
Type B fractures (40.0%) were the most frequent, followed by
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Type A (36.7%) and Type C (23.3%). Increasing fracture
complexity is known to influence the biological and mechan-
ical environment required for fracture healing. More complex
fracture configurations generally require prolonged healing
time and are associated with a higher incidence of delayed un-
ion and nonunion because of greater periosteal disruption,
comminution, and reduced cortical contact. Recent studies
have demonstrated that fracture comminution, higher
AO/OTA fracture types, residual fracture gap, and inadequate
cortical contact are significant predictors of nonunion follow-
ing intramedullary nailing [21]. The mean duration of nonun-
ion before secondary dynamization in the present study was
10.4 +=2.8 months, indicating that most patients had estab-
lished nonunion before undergoing definitive reconstruction.
Menon et al. described patients referred after multiple failed
procedures with longstanding diaphyseal nonunion requiring
salvage using the llizarov external fixator while retaining the
intramedullary nail. Patients had undergone an average of 2.4
previous operations before referral, emphasizing the complex-
ity of this patient population. Similarly, 60.0% of patients in
the present study had undergone only one previous operation
before llizarov dynamization, while 30.0% had undergone
two procedures. Brinker and O'Connor reported that patients
with femoral nonunion treated by Ilizarov compression over
an intramedullary nail had undergone multiple previous ex-
change nailings before successful union was achieved, high-
lighting the role of retained intramedullary fixation combined
with external compression in resistant nonunion [22].
Hypertrophic nonunion represented 60.0% of all cases in
the present study, whereas oligotrophic and atrophic nonunion
accounted for 26.7% and 13.3%, respectively. Hypertrophic
nonunion is generally characterized by adequate biological ac-
tivity but insufficient mechanical stability. Therefore, restor-
ing compression and stability through secondary dynamiza-
tion using an llizarov external ring fixator while retaining the
intramedullary nail is biologically rational. Similar observa-
tions were reported by Rouse et al. (2024), who concluded that
hypertrophic nonunion is predominantly a mechanical prob-
lem with preserved biological healing potential and responds
favorably to compression-based stabilization techniques such
as circular external fixation and distraction osteogenesis [23].
Only 13.3% of patients had evidence of infection before de-
finitive treatment. Infection remains one of the most important
adverse prognostic factors affecting fracture healing because
it compromises both biological activity and implant stability.
Previous reports have consistently shown lower union rates
and prolonged treatment duration in infected nonunion com-
pared with aseptic nonunion [19]. Nevertheless, the Ilizarov
method remains one of the most effective treatment strategies
because it provides stable fixation while permitting simulta-
neous management of infection and mechanical instability.
The mean operative time in the present study was 94.8 +15.6
minutes, the mean duration of external fixation was 18.9 +3.8
weeks, and patients achieved full weight bearing after a mean
of 7.1 +=1.8 weeks. These findings indicate that retention of
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the intramedullary nail provides additional stability, allowing
earlier mobilization and reducing the duration of external fix-
ation compared with conventional llizarov fixation alone.
Similar advantages have been reported by Gulabi et al., who
observed shortened external fixation time and excellent func-
tional recovery when combining an intramedullary nail with
an llizarov frame [11]. The primary objective of the present
study was to evaluate fracture union following secondary dy-
namization using an llizarov external ring fixator while retain-
ing the intramedullary nail. Fracture union was achieved in 28
of 30 patients (93.3%), while persistent nonunion occurred in
only 6.7%. These findings demonstrate a high success rate for
this technique and support its use as an effective salvage pro-
cedure following failed intramedullary nailing. The union rate
observed in the present study is comparable with the findings
of Menon et al., who reported successful bone union in all pa-
tients treated with augmentative llizarov external fixation
while retaining the intramedullary nail [16]. They concluded
that the technique provides excellent stability, allows progres-
sive compression at the nonunion site, relieves pain, and re-
stores function without removal of the existing implant. Like-
wise, Brinker and O'Connor demonstrated complete fracture
union in patients with resistant femoral nonunion treated using
Ilizarov compression over a retained intramedullary nail after
failed exchange nailing [22]. They reported substantial pain
reduction, improved ambulatory function, and successful
healing without additional major reconstructive procedures.
The mean time to fracture union in the present study was 18.8
=+3.4 weeks, with most patients achieving union between 17
and 20 weeks. This duration is comparable to previously pub-
lished series evaluating combined internal and external fixa-
tion techniques for resistant diaphyseal nonunion. Retention
of the intramedullary nail reduces rotational instability while
the Ilizarov frame permits controlled compression and early
functional loading, thereby accelerating biological healing
and shortening rehabilitation. Similarly, Menon et al. reported
successful union in all patients treated with augmentative
llizarov external fixation while retaining the intramedullary
nail, emphasizing the synergistic effect of internal stability
and external compression [16]. Functional recovery is an im-
portant indicator of successful treatment in patients with di-
aphyseal nonunion. In the present study, 86.7% of patients
achieved full weight bearing, 80.0% regained full range of
motion, and 90.0% demonstrated normal limb alignment at the
final follow-up. Furthermore, 73.3% of patients had no meas-
urable limb-length discrepancy, indicating satisfactory resto-
ration of limb function following secondary dynamization
with an llizarov external ring fixator while retaining the in-
tramedullary nail. The mean Visual Analogue Scale (VAS)
pain score improved remarkably from 7.4 £1.2 before surgery
to 1.9 +£0.8 at the final follow-up, demonstrating substantial
pain relief after treatment. This finding is comparable with the
study by Brinker and O'Connor, who treated aseptic femoral
nonunion using llizarov compression over a retained intrame-
dullary nail after failed exchange nailing [22]. They reported
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that all patients became full weight bearing, ambulatory func-
tion improved considerably, and the average pain score de-
creased from 8/10 preoperatively to 1/10 postoperatively,
closely resembling the pain improvement observed in the pre-
sent study. The favorable functional recovery observed in the
present study is also consistent with the findings of Menon et
al., who reported significant pain reduction, restoration of
limb function, and high patient satisfaction after augmentative
llizarov external fixation while retaining the intramedullary
nail [16]. Their study demonstrated that preservation of the
existing intramedullary nail provides additional rotational sta-
bility, allowing early mobilization and progressive weight
bearing without compromising fracture healing. Similarly,
Gulabi et al. evaluated Ilizarov fixation combined with in-
tramedullary nailing for tibial nonunion with bone loss and re-
ported excellent functional outcomes according to the Paley
functional criteria in most patients [11]. They concluded that
combining internal and external fixation reduced external fix-
ation time while permitting early rehabilitation and satisfac-
tory restoration of lower-limb function. Complications remain
an important concern following reconstruction of resistant
long-bone nonunion. In the present study, 53.3% of patients
experienced no postoperative complications. The most com-
mon complication was pin tract infection (23.3%), followed
by wire loosening (6.7%), joint stiffness (6.7%), implant fail-
ure (3.3%), delayed union (3.3%), and persistent nonunion
(3.3%).

Pin tract infection was the most frequent complication in
the present series. This finding is consistent with previous
studies by Maini et al., Yin et al. (systematic review), which
reported superficial pin-site infection as the most common
complication associated with Ilizarov external fixation. In
these studies, most pin tract infections were successfully man-
aged with local pin-site care and oral antibiotics without re-
moval of the external fixator or interruption of treatment [15,
19]. Gulabi et al. similarly reported pin-site infection as the
most frequent complication during treatment with combined
llizarov fixation and intramedullary nailing, although all in-
fections resolved with conservative management [11]. Brinker
and O'Connor also reported that minor pin-site irritation oc-
curred in all patients treated with llizarov compression over
an intramedullary nail; however, no patient developed deep
infection or required further reconstructive surgery [22]. Their
findings support the safety of retaining the intramedullary nail
when meticulous pin placement and postoperative care are
maintained. The relatively low incidence of implant failure
and persistent nonunion observed in the present study suggests
that the combination of retained intramedullary fixation with
external compression provides adequate mechanical stability
throughout the healing process. This observation agrees with
Menon et al., who achieved successful fracture union without
implant-related failure in their series and concluded that aug-
mentative Ilizarov fixation is an effective salvage procedure
for resistant diaphyseal nonunion after failed intramedullary
nailing [16].
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The present study demonstrated that all patients with hyper-
trophic nonunion achieved successful fracture union, whereas
persistent nonunion occurred only among patients with oligo-
trophic and atrophic nonunion. Although this trend suggests
better healing in hypertrophic nonunion, the association was
not statistically significant (p = 0.143).

Hypertrophic nonunion is characterized by abundant bio-
logical activity with inadequate mechanical stability. Conse-
quently, compression-based techniques such as secondary dy-
namization with an llizarov frame are particularly effective
because they restore stability without compromising the bio-
logical healing potential. Similarly, GGnez-Barrena et al. em-
phasized that hypertrophic nonunion is primarily a mechanical
problem and that successful treatment requires restoration of
stability, whereas atrophic nonunion often requires biological
augmentation in addition to stable fixation [24]. Infection sig-
nificantly influenced fracture healing in the present study. Per-
sistent nonunion occurred only among patients with infection,
whereas all patients without infection achieved successful
fracture union. This association was statistically significant
(Fisher's Exact Test, p = 0.014), indicating that infection re-
mains an important predictor of poor fracture healing. This
finding is supported by numerous studies demonstrating that
infection adversely affects osteogenesis through persistent in-
flammation, impaired vascularity, bone destruction, and insta-
bility. Brinker and O'Connor reported that eradication of in-
fection is essential before definitive reconstruction because
persistent infection substantially reduces the likelihood of suc-
cessful fracture union [22]. Likewise, Gulabi et al. empha-
sized that careful debridement, stable fixation, and biological
reconstruction are essential for achieving satisfactory union in
infected or complex tibial nonunion [11]. Their study demon-
strated that combining an intramedullary nail with an llizarov
frame provides sufficient stability to facilitate fracture healing
while minimizing prolonged external fixation.

Overall, the findings of the present study are consistent with
the available literature and suggest that secondary dynamiza-
tion using an llizarov external ring fixator while retaining the
intramedullary nail is an effective salvage technique for re-
sistant diaphyseal nonunion. The procedure achieved a high
fracture union rate, satisfactory functional recovery, accepta-
ble complication rates, and significant pain reduction, partic-
ularly among patients without infection and those with biolog-
ically active hypertrophic nonunion.

6. Limitations of the Study

The present study has several limitations. First, the sample
size was relatively small (n=30), which may limit the general-
izability of the findings. Second, this was a single-center study
conducted at a tertiary referral hospital; therefore, the results
may not be representative of the broader population. Third, the
absence of a control or comparison group limited the ability
to compare the effectiveness of secondary dynamization using
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the llizarov external ring fixator with other treatment modali-
ties. Finally, the follow-up period was limited to the assess-
ment of fracture union and early functional outcomes, and
long-term outcomes could not be evaluated.

7. Conclusion

The findings of this study suggest that secondary dynami-
zation using an llizarov external ring fixator while retaining
the intramedullary nail in situ is an effective treatment option
for diaphyseal nonunion following failed intramedullary nail-
ing. The procedure achieved a high fracture union rate, satis-
factory functional recovery, early restoration of weight-bear-
ing ability, and significant pain reduction, with an acceptable
rate of postoperative complications. Patients with hyper-
trophic nonunion demonstrated favorable healing outcomes,
whereas the presence of infection was significantly associated
with persistent nonunion. The retained intramedullary nail
provided additional mechanical stability, while the Ilizarov
external ring fixator allowed controlled compression and bio-
logical stimulation of fracture healing. Overall, this technique
appears to be a reliable limb-salvage procedure for appropri-
ately selected patients with diaphyseal nonunion after failed
intramedullary nailing. Further multicenter studies with larger
sample sizes and longer follow-up are recommended to vali-
date these findings and establish the long-term effectiveness
of this treatment approach.
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