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Abstract

Objectives: This study looked at how patients with tibial non-union fractures recovered after treatment with the llizarov
ring fixation method at a tertiary care hospital in Karachi, Pakistan. It also aimed to find factors that affect recovery, such
as age, health conditions, lifestyle, and vitamin levels.

Study Design and Setting: This was a descriptive cross-sectional study done at the Orthopedics Department of Jinnah
Postgraduate Medical Centre (JPMC), Karachi. It was carried out over six months and included 137 patients with tibial
non-union fractures treated by the Ilizarov method.

Methodology: Patients between 20 and 80 years with post-traumatic tibial non-unions were included. Information on age,
gender, health conditions, and lab results was collected. Data were analyzed with different statistical tests. Recovery was
rated as poor, fair, good, or excellent.

Results. The average age of patients was 41.5 years. Smoking (p = 0.013), diabetes (p = 0.014), and vitamin D deficiency
(p = 0.002) were strongly linked to poor recovery. Age and physical activity before surgery also affected recovery (p =
0.001). Diabetes and smoking were found to be independent predictors of poor outcomes. Patients with fracturesin the
middle part of the tibia (diaphyseal) had worse results (p = 0.020).

Conclusion: The study showed that smoking, diabetes, and vitamin D deficiency make recovery harder for tibial non-
union patients treated with the Ilizarov method. Managing these risk factors can improve healing. More research, with
larger studies and long-term follow-up, is needed to confirm these results.
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These fractures are common in rura areas, where people do not
have quick access to hospitals or advanced treatment.® Poor
nutrition, late treatment, and weak healthcare systems make the
problem worse.

Normally, bones heal with time. But in non-unions, the healing
process fails. Reasons include infections, poor blood supply, or
unstable fractures.* The tibiais a weight-bearing bone, so it is at
higher risk. Smoking, poor diet, and illnesses like diabetes also
slow healing. Patients with non-unions often suffer from pain,
deformity, and difficulty walking.® Severe cases may need surgery,

) . bone grafts, or external fixation devices.®
Madiha Muzammil i
Post-Graduate, Department of Orthopedics
Jinnah Postgraduate Medical Center
Email: dr.madihamuzammil @gmail.com

One treatment isthe Ilizarov ring fixation. It helps bones heal and
can correct deformities.” While many studies show success, reslts
are not always the same. Most research comes from developed
countries, where healthcare is better.? In countries like Pakistan,
outcomes may differ due to limited resources, cultural differences,
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and patient conditions.

In Asia, the Ilizarov method is becoming more popular. An Indian
study showed good results, but one from Bangladesh found more
problems, such as infections and device failures. This shows that
outcomes depend on healthcare quality and patient background.®

Worldwide, external fixation is well studied, but little is known
about how well it works in Pakistan. Global studies often ignore
differences in patient access to care, follow-up treatment, and
nutrition.’® Because of this, their results may not apply directly to
Pakistan. Local research is needed to understand how well the
Ilizarov method works here.

This study looks at patients with tibial non-unions treated with the
Ilizarov method at atertiary care hospital in Karachi. The goal is
to check how well patients recover and to identify the factors that
affect outcomes. These factors may include age, health conditions,
complications, and aftercare.

We believe that while the llizarov method is effective, the results
in Pakistan may differ. Issues like limited healthcare access, poor
nutrition, and weak post-surgery care may influence recovery.

The primary objective of the study is to evaluate the functional
outcomes of tibial non-union patients treated with the Ilizarov
method in Karachi. The secondary objectives of the study are to
show how patient background, health problems, and surgical
complications affect recovery.

This study aims to fill the gap in research from Pakistan. By
focusing on local patients, it can provide useful insightsto improve
treatment and care in low-resource settings.

METHODOLOGY:

A descriptive cross-sectional study was conducted at the Department
of Orthopedics, Jinnah Postgraduate Medical Centre (JPMC),
Karachi. The duration of the study was six months from 10" April
2025 to 10" September 2025, after approval of the synopsis form
by the College of Physicians and Surgeons Pakistan (CPSP). The
study aimed to evaluate the functional outcomes of tibial non-
union fractures treated with the Ilizarov ring fixation method. The
sample size was estimated to be 137 patients, calculated using the
WHO sample size calculator. A confidence level of 95% and a
margin of error of 8% were applied, with areported prevalence of
good functional outcome in 35.56% in previous studies.™

Non-probability consecutive sampling was used for participant
selection. All patients aged 20 to 80 years who presented with
post-traumatic aseptic non-union of tibial fractures were included
in the study. Both male and female patients were eligible. The
exclusion criteria included non-consenting individuals, patients
with ahistory of seropositive or seronegative arthritis, malnourished
patients, those with a history of osteoporosis, osteomalacia, or
malignancy, pregnant women (confirmed by dating scan), and
patients with chronic conditions such as congestive heart failure,
myocardial infarction, chronic liver disease, chronic obstructive
pulmonary disease (COPD), or stroke.

In this study, patients with tibial aseptic non-union fractures were
included if they had been experiencing the condition for more than

three months. The tibial fractures were classified according to the
Kulkarni classification, which is used to categorize the severity of
non-union fractures. This classification system has four types.
Typel fractures are those where the bone fragments are in apposition,
meaning they are aligned, and there may be mild infection, with
or without an implant. Type Il fractures also have fragmentsin
apposition, but they are accompanied by severe infection, with
either alarge or small wound. Type 11 fractures are more severe,
and they are divided into subtypes. Type Illa involves severe
infection with a gap, deformity, or shortening of the bone. Type
I11b represents a defect with loss of full circumference of the bone,
while Type lllcinvolves a defect that affects more than one-third
of the bone's cortex or is associated with an infected non-union
and deformity.

For this study, the Karlstrom and Olerud system was used to check
how well patients recovered after surgery. This system gives points
to patients based on how they are able to move, how much pain
they feel, and how well they function six weeks after surgery. The
recovery was divided into five groups. A score of 33 points meant
excellent recovery. Scores between 30 and 32 were counted as
good recovery. A score of 27 to 29 was satisfactory, while 24 to
26 was moderate. A score between 21 and 23 meant poor recovery.

Thetibia fractureswere aso grouped using Kulkarni’s classification.
By combining this system with the Karlstrom and Olerud criteria,
the study was able to clearly measure both the severity of the
fracture and the level of recovery. This helped in understanding
how the type of fracture was linked to the patient’s outcome after
treatment with the Ilizarov method.

Datawas collected through hospital recordsand clinical assessments.
Sociodemographic variables, including age and gender were
recorded. Clinical variables included history of comorbidities,
smoking status, and details about the fracture (e.g., type and
duration of non-union). The laboratory investigations included
measurements of hemoglobin levels, white blood cell count, and
vitamin D levels, with standard cutoff values defined by the
hospital’s clinical guidelines. For hemoglobin levels, a value of
<12 g/dL was considered low. For white blood cell count, athreshold
of =10,000/mm3 was used to indicate infection risk. Vitamin D
deficiency was defined as alevel <20 ng/mL.

The normality of continuous variables, including age, hemoglobin,
and white blood cell count, was assessed using the Shapiro-Wilk
test along with visual inspection of histograms and Q-Q plots. The
variables that were normally distributed were presented as means
+ standard deviation (SD), while non-normally distributed variables,
such as duration of non-union, were reported as medians with
interquartile range (IQR). Parametric tests, such as the independent
t-test, were applied to normally distributed data, whereas non-
parametric tests, such as the Mann-Whitney U test, were used for
data not following normal distribution.

Ethical approval was obtained from the Institutional Review Board
(IRB) of IPMC. Informed consent was obtained from all participants.
The confidentiality and anonymity of the participants were
maintained throughout the study. The study adhered to the ethical
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principles outlined in the Declaration of Helsinki.

The datawas analyzed using SPSSversion 26 (IBM Corp., Armonk,
NY). Simple statistics like averages, percentages, and frequencies
were used to describe the results. The chi-square test compared
group data, such as gender and smoking status. For numbers like
age or duration of non-union, the independent t-test or Mann-
Whitney U test was used, depending on the data type. Correlation
tests checked how different factors were related. A p-value less
than 0.05 was considered significant.

Percentages and frequencies were used for group data like gender,
smoking, and health conditions. Averages and standard deviations
(SD) were shown for data with a normal pattern, such as age and
hemoglobin levels. For data not following a normal pattern, like
the duration of non-union, the median and interquartile range (IQR)
were used.

The study examined how patients with tibial non-unions recovered
after treatment with the Ilizarov method. It also explored social,
medical, and biochemical factors that could affect healing. The
goal was to identify which factors helped improve recovery in
Pakistani patients.

RESULTS:

A total of 137 patientstook part in this study. There were 85 men
(62%) and 52 women (38%). The average age was 41.5 years,
with a standard deviation of 10.2. Most patients (68%) were
between 20 and 40 years old. About 24% were between 41 and 60
years, and 8% were older than 60 years.

The study also found that the use of the llizarov method was
associated with asignificant reduction in limb length discrepancy,
with 80% of patients reporting a discrepancy of less than 2 cm
post-surgery. However, 10% of patients reported limb length
discrepancies greater than 4 cm, which were statistically associated
with prolonged non-union duration (+2 = 4.62, p = 0.032).

The study revealed several significant findings regarding the
functional outcomes of tibial non-unions treated with the llizarov
ring fixation method. The analysis demonstrated that the mean
duration of non-union was 9.3 + 3.5 months, which correlated
significantly with functional outcomes. A longer duration of non-
union was strongly associated with poorer functional recovery, as
reflected by the negative correlation between duration of non-
union and functional outcomes (Spearman'srho = -0.57, p = 0.001).
Thisresult aligns with previous studies indicating that prolonged
non-union is a key factor in determining the final functional
outcome of tibial fractures.

Diabetes and smoking were found to be strong predictors of poor
recovery. Patients with diabetes (p = 0.014) and smokers (p =
0.042) had a harder time healing, as both conditions slowed bone
repair. This agrees with earlier studies showing that diabetes can
delay fracture healing and recovery. Another important finding
was that 58% of patients had low vitamin D levels. Those with
vitamin D deficiency had longer non-union times and poorer
recovery outcomes (p = 0.002).

The type and location of the fracture also mattered. Patients with

fractures in the middle of thetibia (diaphyseal fractures) recovered
worse compared to those with fractures near the ends of the bone
(p =0.027). Thisis likely because the middle part of the bone
carries more weight and faces more complications. Patients who
were more active before surgery recovered better, suggesting that
good physical fitness helps with healing (p = 0.001).

Further analysis confirmed that diabetes and smoking greatly
reduced the chances of good recovery. Stopping smoking and better
control of diabetes could improve outcomes. Low vitamin D was
aso astrong predictor of poor healing, which shows the importance
of good nutrition and supplements in recovery.

Most patients (80%) had limb length differences of lessthan 2 cm,
which is generally acceptable. However, 10% had differences of
more than 4 cm. These larger differences were linked to longer
non-union times, suggesting that early treatment may help prevent
major length problems.

This study gives helpful information about what affects recovery
in patients with tibial non-union treated by the llizarov method in
Pakistan. It showsthat controlling changeable risks—like smoking,
diabetes, and low vitamin D—can lead to better healing.

Table | shows how different factors, such as age, gender, fracture
type, smoking, and other health problems, were distributed among
the patients. The chi-square and Fisher’s exact tests were used to
compare these groups and see how they related to non-union
fractures. The Table 2 provides the distribution of tibial fractures
based on the Kulkarni classification system. Fractures are categorized
by type and the corresponding distribution in the sample. This
categorization helps in understanding the severity of non-unions
and their relation to functional outcomes in the study. The Table
3 summarizes the functional outcomes based on the Karlstrom and
Olerud criteria. The scores range from excellent to poor, and the
distribution of outcomesin the sampleis shown. Statistical analysis
was performed using chi-square tests to compare the proportions
of patients in each functional outcome category. The Table IV
presents the results of alogistic regression model analyzing the
predictors of functional outcomes in tibial non-union fractures
treated with Ilizarov fixation. Variables like smoking, diabetes,
and vitamin D deficiency were included in the model. The adjusted
odds ratios (OR) and 95% confidence intervals (Cl) indicate the
strength of association for each predictor. The Table V shows
correlation coefficients and subgroup analyses based on functional
outcomes. Pearson and Spearman correlation coefficients were
used to assess relationships between continuous variables such as
age, duration of non-union, and functional outcomes. Subgroup
analyses were performed to compare patients based on preoperative
physical activity levels.

These tables clearly show the factors that affect recovery in tibia
non-unions treated with the Ilizarov method. The statistical tests
make the results trustworthy. They show that smoking, diabetes,
vitamin D deficiency, and fracture type are linked to healing and
recovery. The study gives helpful information that can guide doctors
in treating patients in Pakistan.
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DISCUSSION

This study examined how patients with tibial non-unions recovered
after llizarov ring fixation. It found that long-lasting non-unions,
smoking, and diabetes were linked to poor recovery.”? Low vitamin
D levels were also common and connected to slower healing and
worse results. Age, smoking, and physical activity before surgery
also affected how well patients recovered.®®

The results match with other studies done in Pakistan and South
Asia. Earlier research has also shown that diabetes slows down
bone healing, and smoking increases the risk of delayed recovery.**
What stands out in this study is the very high number of patients
with vitamin D deficiency (58%). This may be due to diet, less
sun exposure, and lack of regular supplements.

Table 1. Demographic Stetistics of the Sample Population (n=137)

Variable n (%)
Agegroup at thetime of surgery

< 20years 4 (2.9%)
2040 years 93 (67.9%)
41-60 years 30 (21.9%)
> 60 years 10 (7.3%)
Gender

Mae 85 (61.9%)
Female 52 (38.0%)
Duration of non-union before surgery

< 6 months 42 (30.7%)
6-12 months 53 (38.7%)
> 12 months 42 (30.7%)
Previoustreatmentsfor tibial non-union

None 27 (19.7%)
Cast immobilization 58 (42.3%)
External fixation 36 (26.3%)
Surgical debridement 16 (11.7%)
Smoking status

Yes 33 (24.1%)
No 104 (75.9%)
History of diabetes

Yes 25 (18.2%)
No 112 (81.8%)
History of hypertension

Yes 23 (16.8%)
No 114 (83.2%)

*Chi-sguare test (Fisher’s exact where necessary)

Regional studies also show similar results.’® Diabetes is linked
with poor healing after surgery, while vitamin D deficiency has
shown mixed results in different groups.'® Research from India
showed that the llizarov method works, but other factorslike hedth
conditions and physical activity affect outcomes too.

International studies from the US and Europe also confirm that
smoking and diabetes make bone healing harder. Smoking reduces
blood supply to the bone, which delays healing. Thiswas seenin
our study t0o.*” Other studies from the UK showed that patients
who were more active before surgery had better recovery, just like
in our findings.

The high number of patients with low vitamin D is worrying.
Vitamin D isimportant for calcium absorption and bone strength.*®

Table 2. Tibial Non-Union Classification of the Sample Population
(n=137)

Non-Union Type n (%)
Typel (Fragmentsin apposition) 48 (35.0%)
Typell (Severeinfection) 42 (30.7%)
Typelll (Severeinfection, gap or deformity) | 47 (34.3%)
Type llla(Gap or deformity) 26 (19.0%)
Type ll1b (Defect with full circumference loss) | 14 (10.2%)
Type lllc (Defect >1/3 cortex) 7 (5.1%)

Table 3. Functional Outcome Scores of the Sample Population

(n=137)
Functional Outcome n (%)
Excellent (33 points) 16 (11.7%)
Good (30-32 points) 34 (24.8%)

Satisfactory (27-29 points) | 40 (29.2%)
M oder ate (24-26 points) | 25 (18.2%)
Poor (21-23 points) 22 (16.1%)

*Chi-square test (Fisher’s exact where necessary).

Table 4. Logistic Regression Model for Predictors of Functional
Outcome (n=137)

Adjusted OR
Variable (95% ClI) p-value
Smoking status (Yes) 2.3(1.1-4.9 0.027
Diabetes (Yes) 25(1.2-5.3) 0.015
Vitamin D deficiency (Yes) 2.1(1.04.3) 0.031
Age (years) 1.03(0.99-1.06) | 0.27
Preoperative physical activity | 1.8 (1.2-2.9) 0.005

* Adjusted Odds Ratios (OR) using logistic regression, adjusted
for age, smoking, and diabetes

Table 5. Correlation and Subgroup Analyses of the Sample Population (n=137)

Variable Test Statistic p-value
Duration of non-union and functional outcome Spearman’srho =-0.57| 0.001
Preoperative physical activity and functional outcome H=14.85 0.001

Age and functional outcome

Pearson’sr =-0.12 0.17

* Spearman correlation for continuous vs continuous variables, ANOVA for continuous vs categorical data

JBUMDC 2026;16(1):152-157

Page-155



Functional Outcome of Limb Operated with Ilizarov Ring Fixation Method in Patients Presenting with Tibial Aseptic Non-Unions Fractures

Without it, bones take longer to heal, or may not heal properly at
all. Improving vitamin D levels through diet or supplements could
help patients recover better.™

This study has strengths. It included a clear group of patients, a
proven treatment method, and a good sample size of 137 patients,
which makes the results stronger.**

Future research should include more hospitals and larger groups
of patients.?® Long-term studies are also needed to check how
patients recover over years, not just months. Research should also
test if vitamin D supplements can improve healing in patients who
are deficient.

Limitations of Study: The study was done in one hospital only, so
results may not apply to al parts of Pakistan. Patientsin rural areas
or smaller hospitals may have different challenges. Another limit
isthat not all factors, like nutrition and income, were measured.
These could also affect recovery. The study only looked at patients
at one point in time, so long-term outcomes were not assessed.

Disclosure: The authors have no conflicts of interest to declare.
CONCLUSION

This study showed that smoking, diabetes, long-lasting non-unions,
and vitamin D deficiency are key reasons for poor recovery in
tibial non-union patients treated with the I lizarov method in Pakistan.
These results highlight the importance of early treatment, quitting
smoking, managing diabetes, and improving nutrition, especialy
vitamin D intake.

The findings add to global research on the Ilizarov method, but
they are especially important for Pakistan. Access to healthcare
and follow-up careis not equal everywhere, so local factors must
be considered. More research across different regions is needed
to confirm these results.

By focusing on risk factors that can be changed like smoking and
vitamin D deficiency better outcomes can be achieved. Thisis
very important in Pakistan, where resources are limited. Improving
these factors may help patients heal faster and live with fewer
complications.
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