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Objective: To determine clinical outcomes based on the AKSS (American Knee
Society Score) in patients with complex tibial plateau fractures treated using
Ilizarov external fixation.

Methodology: This descriptive case series study was conducted at the
Department of Orthopaedics, Pakistan Institute of Medical Sciences (PIMS),
Islamabad, from November 2020 to November 2021. The study included patients
aged 20 to 55 of both genders with Schatzker type V or VI tibial plateau fractures
who underwent llizarov external fixation and surgery within one week of the
injury. Informed consent was obtained from all patients before undergoing
Ilizarov external fixation. Pin tract infections were monitored weekly, and
radiological assessments were performed monthly. The decision to remove the
fixator was based on evidence of bone healing from two different angles, along
with a successful stress test after removing the rods between the first two rings.
After the fixator was removed, patients wore a removable brace for 3 to 5 weeks
to protect their limbs during weight-bearing. Six weeks after external fixation,
patients were assessed for pain levels, knee and ankle range of motion, limb
alignment, and functional status according to the AKSS. Data were collected and
analyzed using SPSS version 20.

Results: The mean age of the patients was 32.4+8.7 years. Out of all the patients,
66.5% were male, and 33.5% were female. The AKSS score averaged 82.5+11.2,
the mean duration of surgery was 41.5+9.3, and the mean range of motion (ROM)
was 22.1+4.8. Clinical outcomes were classified as excellent in 47 (27.2%)
patients, good in 57 (32.9%), while 48 (27.8%) and 21 (12.1%) had fair and poor
clinical outcomes, respectively.

Conclusion: The llizarov external fixation technique appears to be a reasonably
effective method for treating complex tibial plateau fractures.
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I ntrod uction typically the result of high-energy mechanisms. These
fractures can be associated with damage to nearby
Complex plateau fractures of the knee pose significant  structures such as blood vessels, ligaments, nerves, and

challenges, often requiring

intricate
strategies. They account for just 1% of all fractures and are

management  syrrounding compartments.! The estimated annual

occurrence rate for these fractures is 10.3 per 100,000
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people, with an average age of 52.6 years for those
experiencing tibial fractures.? The occurrence pattern of
these fractures shows two distinct peaks: men under 50
years of age tend to experience such injuries through high-
energy mechanisms, while women over 70 years of age are
more prone to tibial plateau fractures resulting from falls.
In general, men are at a higher risk of sustaining these
severe fractures compared to women.>* Tibial plateau
fractures can manifest as lateral, medial, or bicondylar
injuries. Among these, lateral tibial plateau fractures are
the most frequent and often result from a blow to the lateral
aspect of the knee. In contrast, medial plateau injuries
typically necessitate greater force and are usually
associated with high-energy mechanisms, such as axial
loading from falls from a height, impact in motor vehicle
collisions, and other forms of direct trauma.4 When it
comes to high-energy mechanisms like these, bicondylar
fractures tend to be more prevalent compared to isolated
medial plateau fractures. On the other hand, tibial plateau
fractures resulting from low-energy mechanisms are more
frequently seen in elderly individuals or other populations
with osteoporotic conditions.**

Plain radiographs should encompass anterior-posterior,
lateral, and intercondylar  notch  perspectives.
Nevertheless, identifying tibial plateau fractures on these
images can be challenging, as they have a sensitivity rate
of 85%.4 These injuries are linked to substantial morbidity
and often necessitate surgical intervention. As a result, in
cases where there is a strong suspicion of such fractures
despite negative findings on plain radiographs, the use of
CT or MRI is advisable. Schatzker Classification system
is used for visualization of tibial plateau.®

Management of these fractures includes both operative and
non-operative approaches. Non-operative management
may involve long leg casts and traction mobilization.
Operative treatment consists of open reduction with
internal fixation (ORIF), which is recommended for tibial
fractures displaying substantial articular misalignment,
condylar widening, ligament instability, or "Schatzker 1V
to VI injuries".” In cases where the injury is too fragmented
for internal fixation, an external fixation approach with
partial open or percutaneous fixation of the articular
segment may be considered. In situations involving
significant soft tissue damage or when the patient has
sustained other critical injuries demanding immediate
attention, the implementation of ORIF may be postponed,
and temporary spanning external fixation may be
employed as an interim measure.”8

The use of the Ilizarov external fixation method is an
appealing treatment choice with several advantages. These
advantages include achieving closed or minimally
invasive fracture reduction with a reduced risk of wound
complications, facilitating early joint motion, enabling
functional loading and early weight-bearing, and the
potential to enhance alignment and reduction while
utilizing the fixator. Additionally, if a knee replacement
becomes necessary in the future due to arthritis, it is
technically simpler with this method as it doesn't require
extensive incisions, poses fewer challenges with soft tissue
coverage, and doesn't involve the introduction of
substantial internal hardware.*®

The incidence and severity of complications were greater
with open reduction and internal fixation for complex
tibial plateau fractures, according to a multi-center,
prospective, randomized trial comparing internal fixation
versus llizarov external fixation. On the other hand,
Ilizarov external fixation leads to a shorter hospitalization
period and a slightly faster return to normal function.®°
Subramanyam et al. reported mean AKSS scores of
83.9+7.1 SD with minimal internal fixation and
80.3+10.55 with external fixation [10]. Al-Shahrani et al.
reported that 33.3% of patients showed good clinical
outcomes using AKSS, while 16% showed poor clinical
outcomes after Ilizarov external fixation for complex tibial
plateau fractures.™

The area near the proximal tibia and the junction between
the metaphysis and diaphysis is a crucial weight-bearing
zone. An injury in this vicinity can either be limited to the
tibia itself or be associated with substantial soft tissue
damage.!? While llizarov external fixation for managing
tibial plateau fractures is internationally recognized as an
effective treatment, local data on its effectiveness is
limited. However, the present study aims to enhance our
understanding of the best treatment options, with a focus
on the local context.

Methodology

From November 2020 to November 2021, a one-year
study period was allocated for this descriptive case series
investigation, which took place at the Department of
Orthopaedics, Pakistan Institute of Medical Sciences
(PIMS), Islamabad, Pakistan. The study included patients
aged 20-55 of both genders who had Schatzker type V or
VI tibial plateau fractures. These patients were treated with
llizarov external fixation and underwent surgery within
one week of their injury. They were followed up for at least
three months after the removal of the external fixator.
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Patients with medical conditions or surgical interventions
that could significantly impact knee function and confound
the assessment of llizarov treatment outcomes, as well as
patients with neurovascular injuries, a history of similar
surgeries or fractures, severe cognitive impairment,
communication barriers that hinder accurate AKSS
reporting, or those unwilling or unable to participate in the
AKSS assessment process were excluded.

The hospital's ethics committee granted ethical
permission, and the qualified patients provided signed
informed consent. Closed and open tibial plateau fractures
of Schatzker type V or VI were selected using non-
probability consecutive sampling. Upon admission, their
distal neurovascular status was assessed, and initial wound
cleaning and, when possible, wound closure were
performed for open fractures. Antibiotics were
administered according to the open fracture protocol.
Patients received limb elevation, splinting, and measures
to reduce swelling. X-rays were taken for all patients, and
CT scans were conducted when deemed necessary for
specific cases. Surgical stabilization was performed for all
patients as soon as their skin condition improved and they
were deemed suitable for anesthesia. All patients
underwent surgery under spinal anesthesia. Indirect
reduction was achieved using either calcaneal traction on
a fracture table or a femoral distractor on a radiolucent
table, with continuous radiological monitoring of the
knee's desired degree of flexion. Open reduction was
performed through minor incisions when necessary, and
clamps were applied. In cases where condylar depression
persisted, the joint line was raised by creating a
metaphyseal opening and using cortico-cancellous bone
graft obtained from the iliac crest on the same side of the
body. In specific instances, 7 mm cannulated cancellous
screws (CCS) were used to preserve the alignment of
fracture fragments.

Following this, the Ilizarov apparatus was set up, with the
initial ring positioned near the tibia's joint area, the second
ring just under the fracture location, and the third ring in
the area above the ankle joint. Tensioned olive wires were
utilized to maintain the alignment of the fractured area,
while non-olive wires were applied to stabilize the other
segments. In a few cases, 5 mm Schanz screws were
employed in the diaphyseal segments based on the
surgeon's discretion. Patients with extensive fragmentation
of the joint or ligament instability had their knees
stabilized with a sole lower femoral ring for a duration of
16 weeks. Patients received weekly clinical follow-ups to
monitor pin tract infections, while axial alignment and

radiological assessments were conducted every four
weeks. The decision to remove the fixator was made after
observing evidence of bone bridging from two different
angles and conducting a successful stress test following the
removal of rods between the initial two rings. After the
fixator was removed, a removable brace was used to
safeguard the limbs during weight-bearing for a period of
3 to 5 weeks, contingent on the results of the stress test.

Clinical progress was assessed using the American Knee
Society Scores (AKSS) six weeks’ post-treatment. The
AKSS comprises three components: pain (with a
maximum score of 50 points), knee stability (up to 25
points), and range of motion (with a maximum of 25
points). This results in a total score of 100 points, with
deductions made for factors such as flexion contracture,
extensor lag, and misalignment. The outcome, as per the
AKSS, is categorized as excellent (score of 85 or higher),
good (scores between 75 and 84), fair (scores ranging from
60 to 74), and poor (scores less than 60). Data was
analyzed using SPSS version 26.

Results

A total of 173 patients were included to evaluate the
clinical outcomes of complex tibial plateau fractures
treated with Ilizarov external fixation. The mean age of the
participants was 32.4+8.7 years. In terms of BMI, the
mean value was 26.5 kg/m2, with a standard deviation of
5.6 kg/m2. The duration of surgery had a mean of 41.5
minutes, with a standard deviation of 9.3 minutes,
indicating that surgery times also varied among the
participants. (Table I)

Table I: Descriptive statistic of age, BMI and duration of
surgery. (n=173)

Statistics Age BMI  Surgery duration
Mean 32.4 years 26.5 41.5 minutes
kg/m?
Standard deviation 8.7 years 5.6 kg/m? 9.3 minutes
Minimum 20 years 16 kg/m? 30 minutes
Maximum 55years 34 kg/m? 120 minutes

Mean AKS score was 82.5+ 11.2 and mean range of
motion was 22.1+4.8 as shown in table II.

Table I1: Descriptive statistics of AKS score and ROM.

(n=173)
Statistics AKS score ROM
Mean 82.5 22.1
Standard deviation 11.2 4.8
Minimum 00 00
Maximum 100 25

Out of 173 patients, 115 (66.5%) were male while 58
(33.5%) were female. Pain was noted for 65 (37.6%)
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patients. Knee stability was found in 120 (69.4%) patients
as shown in figure 1.

Clinical outcomes were classified as excellent was noted
in 47 (27.2%) patients, good for 57 (32.9%), while 48
(27.8%) and 21 (12.1%) had fair had poor clinical
outcomes. (Figure 2)
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Figure 1. Pain occurrence and knee stability. (n=173)
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Figure 2. Clinical outcomes. (n=173)

In the evaluation of clinical outcomes for a total of 173
study participants based on patient age, gender, and BMI,
four categories of clinical outcomes - Excellent, Good Fair
and Poor were considered. The difference in outcomes
between age groups was found to be statistically
significant with a p-value of 0.002. However, there was no
statistically significant difference in clinical outcomes
based on gender and BMI, as indicated by p-values greater
than 0.05. (Table 1)

Discussion

Complex tibial plateau fractures pose a formidable
surgical challenge.’®* These difficulties arise from
various factors, including the fracture pattern (such as
articular depression, diaphyseal involvements and the
condylar comminution), accompanying soft tissue and
ligament injuries, concurrent neurovascular damage, and
the potential for compartment syndrome.13 Some research
indicates that a combination of a ring fixation system and
minimal internal fixation leads to improved clinical
results.* Additionally, the use of an external fixator as the
primary treatment for patients with complex tibial plateau
fractures has been documented in the literature.’®

Current has been done to evaluate clinical outcome based
on AKSS for complex tibial plateau fractures with llizarov
external fixation, with an average age of 32.4+8.7 years
with male to female ratio approximately as 2:1. Our
findings align with several other studies in terms of patient
demographics. Comparatively, Catagni MA et al'
reported a mean age of 43 years, Shi D et al. noted an age
of 33+9.6 years,16 and Thiagarajah S et al. reported an
average age of 43 years.Y’

Additionally, Papadakis SA found the mean age to be 39.5,
and Subramanyam KN et al. reported a mean age of 43.33
years.’® Furthermore, our study revealed a mean body
mass index of 26.5+5.6 kg/m2, an average American knee
scoring score (AKSS) of 82.5+11.2, a mean surgical
duration of 41.5+9.3 minutes, and an average range of
motion (ROM) of 22.1+4.8. In our sample of 173 patients,
there were 115 (66.5%) males and 58 (33.5%) females.

These gender proportions are consistent with the findings
of Al Shahrani AA et al., who reported 75% males and
25% females. Another study noted 40 (67.8%) men and 19
(32.2%) women.*2 The study by Thiagarajah S et al*” found
that 54 (67.5%) of their patients were male, while
Subramanyam KN et al.° reported 80% males and 20%
females in their study. These comparisons illustrate the
general consistency of our study's demographics with
other relevant studies. The higher incidence of tibial
plateau fractures among males can be partially attributed
to the differences in participation in certain activities.

Table II: Clinical examination according to patient’s age, gender and BMI. (n=173)

Variables Clinical outcomes P value
Excellent Good Fair Poor

Age groups 18— 40 years 36(20.8%) 27(15.6%) 19(11.0%) 10(5.8%) 0.002
>40 years 11(6.4%) 30(17.3%) 29(16.8%) 11(6.4%)

Gender Males 35(20.2%) 40(23.1%) 26(15.0%) 14(8.1%) 0.175
Females 12(6.9%) 17(9.8%) 22(12.7%) 7(4.0%)

BMI <25 kg/m? 31(17.9%) 36(20.8%) 22(12.7%) 9(5.2%)
>25kg/m? 16(9.2%) 21(12.1%) 26(15.0%) 12(6.9%) 0.088
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Outdoor activities, especially those that involve high-risk
sports and recreational pursuits like motorcycle riding, and
other physically demanding activities, are more frequently
undertaken by males.

In the present study, pain was reported by 65 (37.6%) of
the patients, while knee stability was noted in 120 (69.4%)
of the cases. Regarding clinical outcomes, we observed
that 47 (27.2%) patients achieved an excellent outcome, 57
(32.9%) were classified as good, 48 (27.8%) were
considered fair, and 21 (12.1%) had poor outcomes.
Comparatively, Catagni MA et al.* found that clinical
outcomes in their study were excellent among 50.85% of
the cases, good outcomes observed in 45.76% of the study
subjects, only one case showed fair outcomes and in case
observed poor outcomes. Papadakis SA et al. reported
good or excellent outcomes in 21 (46.67%) patients and
poor or fair outcomes in 10 (22.22%) patients.'” In the
study by Subramanyam KN et al.10 (53.33%) patients had
excellent outcomes, 08 (26.67%) were classified as good,
05 (16.5%) had fair outcomes, and 01 (3.5%) had a poor
outcome.2?

Our findings were also supported by Kateros K et al18 as
patients with joint depression remaining at less than 3.5
mm had a 95% likelihood of achieving excellent AKSS
knee scores and an 80% likelihood of attaining excellent
AKSS function scores. Conversely, individuals with joint
depression exceeding 4.5 mm demonstrated a 100%
probability of receiving poor to fair scores in both AKSS
knee and AKSS function evaluations. In the line of this
series Ghimire A et al19 also observed that the Ilizarov
external fixation emerges as a secure, economically viable,
and effective treatment approach for addressing complex
tibial plateau fractures of Schatzker Types V and VI,
ultimately yielding a favorable result. Our findings were
also supported by few other studies.®®*?> These
comparisons highlight the variations and similarities in
clinical outcomes among the different studies, providing
valuable insights into the effectiveness of the treatment
method. Complex plateau fractures of the knee are
challenging injuries that often require intricate
management strategies. Among the various methods of
treatment, llizarov external fixation has emerged as a
valuable technique for stabilizing these fractures,
promoting fracture healing, and preserving knee joint
function. To assess the outcomes of such interventions,
healthcare professionals often turn to the American Knee
Society Score (AKSS), a comprehensive tool designed to
evaluate the functional and clinical status of the knee joint.

Current study possesses several limitations as the study
may be limited by the relatively small sample size of 173
patients, a larger sample could potentially provide more
robust insights into clinical outcomes. Furthermore, the
study's specific location may limit the generalizability of
its findings. The results may not fully represent the varied
populations, regions, and healthcare settings that exist. To
enhance the external validity of the findings and broaden
the representation of diverse patient populations, it would
be beneficial to expand the research to multiple healthcare
centers and regions. Additionally, the study predominantly
focuses on llizarov external fixation as the treatment
method for complex tibial plateau fractures. This singular
focus restricts the ability to compare the effectiveness of
this treatment against alternative approaches. Comparative
analyses with other treatment methods would offer a more
comprehensive perspective on the relative efficacy of
various treatments. Looking forward, it is recommended
that future research considers prospective study designs to
mitigate biases and improve data accuracy. Additionally,
incorporating patient-reported outcomes and quality of life
assessments in future studies would provide a more
holistic understanding of the treatment's impact on
patients' lives, beyond clinical outcomes.

Conclusion

It is to be concluded that Ilizarov external fixation
technique is somewhat effective method for the treatment
of complex tibial plateau fractures. In the future, it is
essential to carry out randomized studies with a significant
number of participants, involving multiple research
centers in Pakistan. This is necessary to validate the results
obtained in the current study.
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