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A Prospective Study of Comminuted Patellar Fractures Treated with
Different Fixation Modalities: Functional Outcomes and Complications

Rajesh Kumar Gupta', Balram Kalme', Ankur Kumar'

Learning Point of the Article:
All four fixation modalities yield satisfactory results, though modified tension band wiring (MTBW) shows superior functional outcomes and
modified cerclage wiring (MCW) has the fewest complications.

Introduction: Comminuted patellar fractures constitute approximately 55% of all operatively managed patellar fractures and pose a persistent
challenge for orthopedic surgeons. Comparative functional outcome data from India, particularly from central India, remain sparse.

Objectives: The objective of the study was to evaluate and compare the functional outcomes of tension band wiring (TBW), modified TBW
(MTBW), cannulated screw TBW, and modified cerclage wiring (MCW) in the surgicalmanagement of comminuted patellar fractures.
Materials and Methods: This prospective observational study enrolled 63 cases of comminuted patellar fractures at Government Bundelkhand
Medical College, Sagar, Madhya Pradesh, from August 2022 to April 2024. Of these, 46 underwent surgical management. Functional outcomes
were assessed using the Bostman clinical grading score at 1, 3, 6, and 12 weeks post-operatively. Fisher’s exact test was applied for intergroup
comparisons (significance threshold: P <0.05).

Results: Mean patient age was 42.2 + 15.4 years; 76.1% were male. Road traffic accidents were the predominant injury mechanism (69.6%).
TBW was the most frequently performed procedure (43.5%). At 12 weeks, 39.1% achieved excellent and 47.9% achieved good Béstman scores.
MTBW yielded the highest proportion of excellent results (56.3%). Complications occurred in 15.2% of cases, predominantly in the TBW
group. No statistically significant differences were observed across modalities (P = 0.443).

Conclusion: All four modalities yielded satisfactory outcomes in comminuted patellar fractures. MTBW demonstrated numerically superior
excellent outcomes; MCW showed the lowest complication rate. Fixation choice should be individualized to fracture morphology and surgeon
expertise.

Keywords: Comminuted patellar fracture, tension band wiring, modified tension band wiring, modified cerclage wiring, bostman score,

fixation modalities.

Introduction functional disability [1, 2]. Among all patellar fractures treated
surgically, approximately 55% are comminuted in nature [3].
The intra-articular position of these fractures makes precise
anatomical reduction technically demanding, rendering them a

Patellar fractures constitute approximately 1% of all skeletal
injuries and about 3.5% of lower extremity fractures, most often
resulting from high-energy trauma [1]. When inadequately
managed, they can cause extension lag, knee stiffness,
patellofemoral arthritis, quadriceps weakness, and prolonged The primary goal of surgical intervention is to achieve accurate
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persistent challenge for orthopedic surgeons [4].
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Figure 1: Pre-operative X-ray.

anatomical realignment of all fracture fragments, restore the
integrity of the quadriceps extensor mechanism, and enable
early post-operative mobilization [S]. Failure to achieve
satisfactory reduction is associated with delayed union or non-
union, compromised knee function, extension lag, and post-
traumatic patellofemoral osteoarthritis [4,6]. Extensive
comminution also prolongs operative time, increasing exposure
to anesthesiaand the risk of post-operative complications [ 7].

Numerous fixation techniques are available for comminuted
patellar fractures, each with unique biomechanical properties
and clinical implications. Conservative managementis reserved
for undisplaced fractures with an intact extensor mechanism
[8]. Surgical options include tension band wiring (TBW),
modified TBW (MTBW), cannulated screw TBW (CSTBW),
cerclage wiring, modified cerclage wiring (MCW), basket
plates, mesh plates, and nickel-titanium patellar concentrators
[9,10]. Partial or total patellectomy should be reserved as a last
resort, as it significantly disrupts the extensor mechanism and
reduces quadriceps strength [11].

TBW and its modifications convert tensile quadriceps
forces into compressive forces at the fracture site,
promoting union [12]. MTBW has shown excellent results
in transverse fractures, but its superiority in comminuted
patterns remains debatable [13]. Conventional cerclage
wiring offers inferior biomechanical stability compared to
tension band constructs [14]. MCW, combining posterior
circumferential cerclage (figure-of-0) with anterior tension
band fixation (figure-of-8), has shown promising outcomes
in recent studies [15]. Cannulated screw-based TBW
reduces the risk of K-wire migration while maintaining the
tension band mechanism [16].

The existing literature on comminuted patellar fracture

with limited data from India and none specifically from
central India. This study aimed to prospectively evaluate
and compare the functional outcomes and complication
profiles of four commonly used fixation modalities for
comminuted patellar fractures at a tertiary care
government hospitalin Madhya Pradesh.

Materials and Methods
Study designand setting

This was a prospective observational study conducted in
the Department of Orthopaedics, Government
Bundelkhand Medical College and Hospital, Sagar,
Madhya Pradesh, India, between August 2022 and April
2024.

Patientselection

Inclusion criteria: Skeletally mature adults with comminuted
patellar fractures where articular surface restoration was
feasible; Grade 1 or 2 open wounds per the Gustilo-Anderson
classification; and patients providing written and verbal
informed consent.

Exclusion criteria: Associated periarticular tibial or femoral
condyle fractures; skeletally immature patients; old malunion
or non-union of patella; hematological disorders or muscular
dystrophy; comminution precluding articular congruity
restoration; fractures older than 2 weeks; irreparable extensor
mechanism; and patients unwilling to consent.

Samplesize

Atotal of 68 cases of comminuted patellar fractures were treated
during the study period. Five cases were excluded - two for
associated tibial fractures, two for old patellar malunion, and
one lost to follow-up - yielding a final cohort of 63 cases. Of

management is predominantly from Western institutions, Figure2:Immediate post-operative X-ray.
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Figure 3: 6 week follow-up.

these, 46 underwent surgical management, and 17 were
managed conservatively. Non-probability convenience
sampling was employed.

Surgical procedures

All operative patients were treated under anesthesia in the
supine position through a longitudinal midline incision under
tourniquet control. Fracture fragments were anatomically
reduced and stabilized using reduction clamps. Articular
congruity was confirmed by digital palpation through the
retinacular defect and intraoperative fluoroscopy. Stability was
verified by intraoperatively cycling the knee through full
flexion-extension. Four surgical modalities were employed:

o TBW: Two parallel 2-mm K-wires drilled longitudinally
through the patella, with an 18-gauge stainless steel wire passed
in a figure-of-8 configuration over the anterior patellar surface,
deep to the K-wire protrusions. K-wire ends were bent acutely
andburied in soft tissue.

« MTBW: Similar K-wire placement with the addition of a
supplementary SS wire loop passed through the superolateral
border, medial fragment border, and back transversely,
creating additional circumferential stabilization with
K-wire ends concealed deep within the bone.

« CSTBW: Two parallel 4-mm cannulated cancellous
screws inserted over guide wires; 18-gauge SS wire
threaded through the cannulated screws and crossed
over the anterior patella in a figure-of-8 configuration,
tightened with the knee in full extension.

« MCW: Double 18-gauge braided SS wire fixation in
two planes: a circumferential wire at the periphery of
the posterior articular surface (figure-of-0) and a
second wire crossing the anterior patellar surface in a
figure-of-8 tension band configuration.

exercises from post-operative day 1 and were permitted
weight-bearing as tolerated from day 2. Knee flexion to
90° was targeted by 2 weeks postoperatively. Torn
retinaculum was repairedin all cases.

Outcome assessment

Patients were reviewed at 1, 3, 6, and 12 weeks
postoperatively with clinical examination and
radiographs. Functional outcomes were assessed using
the Bostman clinical grading scale [17], which evaluates
eight domains: range of motion (6 points), pain (6
points), working condition (4 points), quadriceps
atrophy (4 points), assistive device use (4 points), joint
effusion (2 points), giving way (2 points), and stair
climbing (2 points); total score = 30 points. Scores of 28-30
were rated “excellent,” 20-27 as “good,” and <20 as
“poor/unsatisfactory.”

Statistical analysis

Data were entered in MS Excel and analyzed using Statistical
Package for the Social Sciences version 26.0 (IBM Corp,,
Armonk, NY, USA). Proportions and percentages were
calculated for categorical variables; mean + standard deviation
for continuous variables. Fisher’s exact test was applied for
intergroup comparisons. A P < 0.05 was considered statistically
significant.

Ethical considerations

Ethical approval was obtained from the Institutional Ethics
Committee of Government Bundelkhand Medical College,
Sagar, Madhya Pradesh (No. IECBMC/2022/86, Dated
16/08/2022). Written and verbal informed consent was
obtained from all participants. Participant confidentiality was

Figure 4: 12-week follow-up.

All patients were encouraged to begin quadriceps
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modalitiesis presented in Table 2.
Table 1: Demographic and clinical profile of surgical patientsi{= 46)
Characteristic Category Frequency () Percentage Functional outcomesby Bostman score
Age (years) =20 1 22 At 1 week, 60.9% of patients had
21-40 23 50 unsatisfactory outcomes across all groups
41-60 19 41.3 (Figures 1 and 2); good outcomes were noted
61-80 3 6.5 in43.8% (MTBW), 40.0% (CSTBW), 40.0%
Sex Male 35 76.1 (MCW), and 35.0% (TBW) patients,
Female 1 239 respectively (P=0.962).
Comorbidity Present 11 23.9
Absent 35 6.1 By week 3, 45.7% of all patients achieved
Mode of injury RTA 32 696 good outcomes. MTBW demonstrated the
Fall 9 196 highest good outcome rate (50%) at this
Assault 5 10.9 stage (P=0.968).
Side of fracture Right 30 65.2 At 6 weeks (Figure 3), 19.6% of patients
Left 16 34.8 achieved excellent and 43.5% achieved good
Addiction Present 24 52.2 outcomes. MTBW led in excellent outcomes
Absent 22 47.8 (25%), followed equally by CSTBW and
Mean age 42.2+15.4 years MCW (20% each) (P=0.849).
RTA: Road traffic accident At the final 12-week follow-up (Figure 4),

maintained throughout the study.

Results
Demographicand clinical characteristics

A total of 63 participants were enrolled (46 surgical, 17
conservative). The mean age was 42.2 + 15.4 years. Among
surgical patients, 50.0% were in the 21-40 year age group and
41.3% in the 41-60 year group. Males constituted 76.1% of the
surgical cohort. Farmers (30.4%), daily laborers (19.6%), and
self-employed individuals (17.4%) were the predominant
occupational groups. A history of substance use
(predominantly tobacco) was present in 52.2% of patients, and
comorbidities — primarily hypertension — were found in 23.9%.
Right-sided fractures predominated (65.2%). Road traffic
accidents (RTA) accounted for 69.6% of injuries, followed by
falls (19.6%) and assault (10.9%). These characteristics are
summarizedin Table 1.

39.1% achieved excellentand 47.9% achieved
good outcomes; only 13.0% remained unsatisfactory. MTBW
demonstrated the highest rate of excellent outcomes (56.3%),
followed by MCW (40%) and CSTBW (40%); TBW achieved
25% excellent outcomes (P = 0.443). Allintergroup differences
were not statistically significant. Complete outcome data across
all time points are presented in Table 3.

Complications

Complications were observed in 7 of 46 surgical patients
(15.2%). Five complications (71.4% of total) arose in the TBW
group: Two cases of surgical site infection, two cases of K-wire
migration, and one combined case of infection and wire
migration. One infection each was recorded in the MTBW and
CSTBW groups. No complications were observed in the MCW
group. Complication data are presented in Table 4.

Management modalities

Of the 63 total patients, 46 (73.0%) underwent surgical
management and 17 (27.0%) were managed
conservatively. Among surgical cases, TBW was the most
frequently performed procedure (43.5%), followed by
MTBW (34.8%), CSTBW (10.9%), and MCW
(10.9%). One additional cerclage wiring case was
excluded due to loss to follow-up. The average fracture-
to-surgery interval was 4.3 + 1.2 days; the majority were
operated within 4 days. Distribution of surgical

Table 2: Distribution of surgical modalities and management profile(=46)
Parameter Category Frequency, n (%)
Surgical modality Tension band wiring 20 (43.5%)
Modified .te.nswn band 16 (34.8%)
wiring
Cannulated screw TBW 5(10.9%)
Modified cerclage wiring 5(10.9%)
Interval to surgery Mean£SD 4.3+1.2 days
Range 2-6 days
Mode of management | Surgical/Conservative 46 (73.0%)/17 (27.0%)
SD: Standard deviation

Journal of Orthopaedic Case Reports | Volume 16 | Issue 6 | June 2026 | Page 174-181




GuptaRK, etal

www.jocr.co.in

RTAs accounted for 69.6% of injuries, consistent with

Table 3: Functional outcomes bifn ]j:;::ni::l (;cz:eﬁ )at serial follow-up across fixation Shrestha et al., who reporte d RTA in 80% of
. comminuted patellar fractures [19]. The high
. Excellent, n o, Unsatisfactory, 4 . L
Follow-up Modality () %) Good, 1 (%) n (%) EEULE proportion of RTA-related injuries reflects the
Week | | MTBW (n=16) _ 7 (43.8) 9(56.2) 0.962 increasing volume of motorcycle traffic in central
CSTBW (n=5) — 2 (40.0) 3 (60.0) India. Falls from height were the second most
%C\)?]V((n;f))) — igggi 133((6605.00)) common mechanism (19.6%), consistent with the
n= — . . . . .
Total (n-46) — 18.(39.1) 28(60.9) findings of Jun et al. and Turgut et al. [20,21]. High-
energy mechanisms such as RTA are associated with
Week 3 | MTBW (1=16) — 8 (50.0) 8 (50.0) 0.968 , .
comminuted fracture patterns due to the magnitude of
CSTBW (n=5) — 2(40.0) 3(60.0) transmitted force and soft tissue disruption.
MCW (1=5) — 2 (40.0) 3 (60.0)
TBW (1=20) — 9(45.0) 11 (55.0)
Total (n=46) — 21 (45.7) 25 (54.3) Outcomes of fixation modalities
Week 6 | MTBW (2=16) | 4(25.0) 8(50.0) 4250 0849 | At 12 weeks, MTBW demonstrated the highest rate of
CSTBW (n=5) | 1(20.0) 1(20.0) 3 (60.0) excellent outcomes (56.3%), followed by MCW
%%V((” :2%)) ; 8(5)8; ; Ejgg; é ggg; (40%) and CSTBW (40%). The superior results with
n=. B . B . . . . .
Total (n—46) 9.(19.6) 20 (43.5) 17 (36.9) MTBW are attributable to its biomechanical design,
. which converts quadriceps tensile forces into
Week 12 | MTBW (n=16 9(56.3 7(43.7 0(0 0.443 . . .
* (=16) (63) .7 © compressive forces at the fracture interface while
CSTBW (n=5) | 2(40.0) 2 (40.0) 1(20.0) providing additional circumferential stabilization
MCW (n=5) | 2 (40.0) 2 (40.0) 1(20.0) .
TBW (1=20) 5(25.0) 11(55.0) 1(200) through supplementary wire loops [13]. Cho et al.
Total (1=46) 18 (39.1) 22 (47.9) 6 (13.0) reported a mean Bostman score of 28.6 points with
* Fisher’s exact test. MTBW: Modified tension band wiring, CSTBW: Cannulated screw miniplate-augmented TBW in comminuted fractures,
tension band wiring, MCW: Modified cerclage wiring, TBW: Tension band wiring | supporting the advantage of augmented tension band

Discussion

This prospective study evaluated functional outcomes following
four fixation modalities for comminuted patellar fractures at a
tertiary care government hospitalin central India. At the 12-week
follow-up, 87% of surgically managed patients achieved either
excellent (39.1%) or good (47.9%) outcomes per the Bostman
scoring system, indicating that all four modalities yield
satisfactory results when appropriately applied.

Demographicprofile and injury characteristics

constructs [22].

The MCW group, though small (n = §), showed no
complications and achieved 40% excellent outcomes at 12
weeks. The modified cerclage technique addresses the primary
limitation of conventional cerclage — inadequate biomechanical
stability — by integrating a posterior circumferential cerclage with
an anterior tension band [15]. Sun et al. reported a mean
Bostman score of 28.7 using MCW, with 84.2% achieving
excellent results at a mean follow-up of 16 months [ 15]. Sun etal.
similarly reported a mean Bostman score of 28.13 £ 1.73 with
zero non-union or implant failure [23].

CSTBW achieved 40% excellent and 40% good outcomes.

The predominant age group was 21-40 years (50.0%),
with a mean age of 42.2 years, consistent with the peak
incidence of patellar fractures reported in the third to fifth
decades [18]. Males constituted 76.1% of the surgical

Table 4: Post-operative complications by fixation modality & = 46)

Modality

‘With complication, Without complication,

n (%) A Total

. . . Tensi iri 25. 1 .09 2
cohort. This male predominance is well-documented: il/lls?;bznd wirne 5 250) 5 (75.0%) 0
t
Soomro et al. reported 71.4% male prevalence in (l)) thec tension 1(6.3) 15 (93.8) 16
and wiring
comminuted patellar fracture cohorts, while Shrestha et
Cannulated screw

al. reported 87.5% [19]. The higher incidence in males | tension band wiring 1(20.0) 4 (80.0) 3
reflects greater participation in high-risk outdoor | Modified cerclage 0(0.0) 5(100.0) s
occupational activities — farming (30.4%) and daily labor wiring ' .

(19.6%) were the two largest occupational groups — and Total 7(5.2) 39 (84.8) 46

greater exposure to motorized trafficin this region.

TBW complications: 2 infections, 2 K-wire migrations, 1 combined

(infection + wire migration)
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Cannulated screws provide greater compressive force at the
fracture site, eliminate K-wire migration risk, and maintain the
tension band mechanism [16]. Hoshino et al. demonstrated
lower complication rates with CSTBW compared to K-wire-
based TBW in transverse fractures, and our data suggest a
similar trend in comminuted patterns [24]. Despite these
numerical differences, no intergroup comparison reached
statistical significance (P = 0.443-0.968), likely due to small
subgroup sizes and limited follow-up duration.

Complications

Overall complications were observed in 15.2% of patients; the
TBW group contributed 71.4% of all complications, including
K-wire migration and infection. K-wire migration is a well-
recognized complication of TBW, with hardware removal rates
reported as high as 36.8% in some series [2]. Bending K-wire
ends acutely and burying them deep in soft tissue reduces this
risk but does not eliminate it. The absence of complications in
the MCW group supports growing evidence for modified
cerclage asasafe and reliable fixation alternative [ 15,23].

Strengths and limitations

This study has several strengths, including its prospective
observational design, inclusion of multiple commonly used
fixation modalities, standardized post-operative rehabilitation
protocol, and use of a validated functional assessment tool in a
real-world tertiary government hospital setting from an
underrepresented geographic region of central India.
Nevertheless, several limitations must be acknowledged.

First, the overall surgical sample size was relatively small (n =
46), which limited the statistical power of intergroup
comparisons. The CSTBW and MCW subgroups were
particularly small (n = S each), thereby reducing the reliability
and interpretability of subgroup analyses. Second, the study
employed a non-randomized observational design in which
fixation modality selection was determined by fracture
morphology, implant availability, and surgeon preference. This
may have introduced selection bias and confounding. Third, as
this was a single-center study conducted at a tertiary
government institution, the findings may not be fully
generalizable to private-sector hospitals or other healthcare
settings with different patient demographics, surgical expertise,
orimplantresources.

In addition, non-probability convenience sampling was used,
increasing the possibility of sampling bias. The follow-up
duration was limited to 12 weeks, which was sufficient for early
functional evaluation but inadequate for assessment of long-
term outcomes such as post-traumatic patellofemoral arthritis,
implant failure, symptomatic hardware irritation, functional

endurance, reoperation rates, or delayed complications. Serial
radiological progression of fracture union was not
quantitatively assessed using standardized union criteria,
limiting objective evaluation ofhealing dynamics.

Advanced imaging, such as computed tomography (CT), was
not routinely utilized for fracture classification or comminution
assessment. Consequently, detailed fracture morphology and
severity stratification could not be standardized across groups,
which may have influenced both fixation selection and post-
operative outcomes. Furthermore, surgeon-related
performance bias cannot be excluded, as different levels of
familiarity and technical expertise with individual fixation
methods may have affected operative execution and clinical
results.

Outcome assessors were not blinded to treatment allocation,
thereby introducing potential assessment bias. Functional
evaluation relied exclusively on the Béstman clinical grading
scale, without incorporation of additional validated patient-
reported outcome measures such as the Lysholm Knee Score,
Kujala Anterior Knee Pain Scale, or Knee Injury and
Osteoarthritis Outcome Score. Moreover, the observed
numerical superiority of MTBW was not supported by
biomechanical testing orlaboratory correlation.

Although post-operative complications such as infection and K-
wire migration were documented, several clinically relevant
complications — including anterior knee pain, implant
prominence, secondary hardware removal, extensor lag
quantification, and patient satisfaction — were not
comprehensively analyzed. Economic evaluation and cost-
effectiveness analysis were also beyond the scope of the present
study, despite their importance in resource-constrained
healthcare environments where implant affordability
influences surgical decision-making.

Finally, although 17 patients underwent conservative
management during the study period, their outcomes were not
included in the comparative analysis with surgically managed
cohorts. Inclusion of conservative treatment outcomes could
have provided additional insight into treatment-selection
thresholds and indications for operative intervention. Future
multicenter randomized controlled studies with larger cohorts,
CT-based fracture stratification, longer follow-up, blinded
assessment, and comprehensive functional and radiological
evaluation are warranted to establish stronger evidence
regarding optimal fixation strategies for comminuted patellar
fractures.

Conclusion
All four fixation modalities — TBW, MTBW, CSTBW, and
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MCW - produced satisfactory functional outcomes in
comminuted patellar fractures at 12 weeks as measured by the
Bostman scoring system. MTBW demonstrated numerically
superior excellent outcomes (56.3%), while MCW showed the
lowest complication rate. The TBW group was associated with
the highest complication burden, primarily K-wire migration
and infection. The selection of fixation modality should be
individualized to fracture pattern, fragment morphology,
degree of comminution, and surgeon proficiency. Larger
randomized studies with extended follow-up are warranted to
confirm these findings and guide evidence-based surgical
decision-making in comminuted patellar fracture management.

Clinical Message

Surgical management of comminuted patellar fractures using TBW,
MTBW, CSTBW, or MCW generally yields satisfactory functional
outcomes, with approximately 87% of patients achieving good to
excellent Bostman scores. MTBW appears to offer the highest rate of
excellent functional recovery, likely due to its superior
biomechanical stabilization of fragmented bone. In contrast, MCW
presents as a safer alternative with the lowest complication profile,
specifically avoiding the K-wire migration frequently observed with
traditional TBW. Ultimately, the selection of a fixation modality
should be tailored to the specific fracture morphology and the
surgeon’s technical proficiency to ensure optimal reduction and
minimize hardware-related issues.
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