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The traumatic factors of patellar fractures are 
diverse. Direct impact (e.g., falls, dashboard injuries) 
often causes comminuted or stellate fractures with 
significant articular surface involvement. Indirect 
mechanisms involve sudden quadriceps contraction 
during knee flexion, exceeding patellar tensile 
strength and typically producing transverse fractures 
with displacement and retinacular tears, but less 
articular impaction. Epidemiologically, incidence 
peaks in males aged 10 to 19 years (15.4/100,000 
person-years) and in females aged 60 to 80 years 
(36/100,000 person-years).[1,2] As the central fulcrum 
of the extensor mechanism, the patella optimizes 
biomechanical efficiency by increasing the moment 
arm of the quadriceps tendon, thereby facilitating 
effective knee extension. Patellar fractures disrupt 
this function, resulting in reduced extensor 
strength, limited knee range of motion (ROM), and 
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an increased risk of patellofemoral and tibiofemoral 
osteoarthritis. These sequelae can substantially 
impair health-related quality of life.[3]

Surgical indications include disruption of 
the extensor mechanism, fracture displacement 
exceeding 2 to 4 mm, articular step-off greater 
than 2 to 3 mm, or associated intra-articular loose 
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bodies. Fixation options encompass Kirschner 
wire tension band (KWTB), patellar basket plates, 
suture anchors, cerclage wiring, and partial or 
total patellectomy.[1,4] While open reduction and 
internal fixation (ORIF) with KWTB remains 
prevalent, complications such as wire breakage, 
implant migration, skin irritation, infection, pain, 
and loss of reduction contribute to suboptimal 
patient satisfaction.[5] To address these limitations, 
alternatives such as cannulated or interfragmentary 
screws (cable pins) with supplemental tension 
band wiring, either percutaneously or via open 
techniques, have been introduced. Biomechanical 
studies suggest screws provide interfragmentary 
compression across the fracture line and resist 
tensile forces in terminal extension, thereby 
potentially enhancing fixation stability.[6,7]

However, whether the aforementioned 
advantages can be effectively transformed into 
clinical benefits for patients remains to be further 
verified. In this meta-analysis, we aimed to 
systematically compare the efficacy and safety of 
cannulated screw tension band (CSTB) versus KWTB 
for patellar fractures, providing evidence-based 
guidance for clinical decision-making.

MATERIALS AND METHODS

Search strategy

Databases (Cochrane Library, PubMed, Web of 
Science, SpringerLink, Embase,) were searched using 
the terms through July 2025: “cannulated screw,” 
“Kirschner wire,” “tension band,” and “patellar 
fracture.” Terms were restricted to titles/abstracts. 
Titles and abstracts were screened, followed by 
full-text assessment of potentially eligible studies. 
Search the references of the included literature 
to determine possible sources of literature. We 
searched with the terms: (“patellar fracture*” 
OR “patella* fracture*”) AND (“tension band” 
OR “tension wiring”) AND (“cannulated screw*” 
OR “Kirschner wire*” OR “K-wire*”). The meta-
analysis is registered at PROSPERO 2025 with No: 
CRD420251154772.

Inclusion criteria

 Studies were selected based on: (1) Patients 
undergoing surgical fixation for patellar fracture; 
(2) Direct comparison between KWTB and CSTB 
groups; and (3) Reporting of at least one outcome: 
operative time, Visual Analog Scale (VAS), fracture 
healing time, Lysholm score, knee ROM, reoperation 
rate, or postoperative complications. Two reviewers 
independently assessed eligibility. Disagreements 

were resolved by a third reviewer blinded to study 
details.

Exclusion criteria

Exclusion criteria were as follows: (1) Duplicate 
publications, reviews (non-original research), case 
reports, conference abstracts, meta-analyses, basic 
science studies; (2) Interventions not matching 
inclusion criteria, absence of a control group; 
(3) Incomplete, inaccurate, or inaccessible primary 
data; and (4) Studies reporting irrelevant outcomes.

Data extraction

Two reviewers independently extracted data 
including the first author, publication year, sample 
size, study design, interventions. Outcome data 
included operative time, VAS, fracture healing time, 
Lysholm score, ROM, reoperation rate, postoperative 
complications.

Quality assessment

The methodological quality of the randomized-
controlled trials (RCTs) was assessed using a 
modified version of the generic assessment tool 
outlined in the Cochrane Handbook for Systematic 
Reviews of Interventions.[8] For non-RCTs, 
methodological quality assessment was conducted 
via the Methodological Index for Non-Randomized 
Studies (MINORS).[9] The MINORS instrument 
comprises eight items explicitly designed for non-
randomized comparative studies, enabling granular 
appraisal of key methodological domains such 
as surgical follow-up completeness, prospective 
sample-size calculation, and unbiased outcome 
assessment. Extensively validated in orthopedic 
research and routinely adopted by contemporary 
systematic reviews, it was, therefore, selected 
for quality assessment in the present study. Two 
independent researchers independently performed 
the methodological quality assessment separately. 
Any discrepancies between the two researchers 
were resolved through consultation with a third 
researcher.

Statistical analysis

Statistical analysis was performed using 
the RevMan version 5.4 software (Cochrane 
Collaboration; Copenhagen, Denmark). For 
continuous variables, mean differences (MDs) were 
used to represent them, while binary categorical 
variables were represented as odds ratios (ORs). 
Both were quantified using 95% confidence intervals 
(CIs). Heterogeneity assessment was conducted 
through p values and I² values. When the I² value 
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was lower than 50% and the p value exceeded 0.1, 
it was considered that the heterogeneity of the 
combined statistical results among the studies was 
low. Therefore, a fixed-effect model was adopted 
for a comprehensive analysis of the results. On 
the contrary, it indicated significant heterogeneity 
among the studies, and a random-effects model was 
used for meta-analysis. Potential publication bias 
was assessed through Egger’s regression test using 
the Stata version 18.0 software (Stata Corp, College 
Station, TX, USA) to evaluate small-study effects.

RESULTS

Search results

The initial search yielded 479 records. After 
removing 186 duplicates, 275 studies were excluded 
based on title/abstract screening. Full texts of 
18 studies were assessed, resulting in the inclusion 
of 11 studies.[10-20] The selection process is detailed 
in Figure 1.

Risk of bias assessment

The evaluations of the two RCTs are shown in 
Figure 2. The MINORS scores for the nine non-RCTs 
ranged from 19 to 21, indicating usually good 
methodological quality (Table I).

Characteristics of the included studies

The 11 included studies comprised two RCTs 
and nine non-RCTs, totaling 1,358 patients (CSTB: 
n = 546; KWTB: n = 812). The details are shown in 
Table II.

Access to literature through databases

Searching databases for relevant literature (n = 479)

Number of documents obtained after eliminating 
duplicates (n = 293)

Literature to be searched in full text (n = 18)

Final number of literature included (n = 11)
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Read titles and abstracts to weed out the number of 
documents (n = 275)

Number of documents eliminated by reading the 
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No control group (n = 2)

Biomechanical research (n = 3)

FIGURE 1. Flowchart of the study selection process.
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FIGURE 2. The summary of bias risk of randomized-
controlled trials.
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Outcomes of the meta-analysis

Operative time (min)

The operative duration was evaluated in five 
studies. A high level of statistical heterogeneity 
was detected (I² = 86%, p < 0.00001), which made 
a random-effects model necessary. The pooled 
analysis indicated that there was no statistically 

significant difference between the CSTB group and 
the KWTB group (MD: 4.00; 95% CI –1.82 ~ 9.82; 
p = 0.18) (Figure 3, Table III).

Fracture healing time (months)

Four studies reporting on healing time showed 
moderate heterogeneity (I² = 60%, p = 0.06), thus 
prompting the application of a random-effects 

TABLE II
Characteristics of included studies

Age year Female Follow-up (months)

Date Design Group Cases Mean ± SD n Mean ± SD

Chiang et al.[10] 2011 RCS
KWTB 40 60.2 ± 15.4 25 36.6 ± 7.4

CSTB 20 56.6 ± 14.7 11 38.3 ± 6.8

Drolia et al.[11] 2022 RCT
KWTB 30 41.77 ± 13.006 16 6

CSTB 30 45.67 ± 14.187 12 6

Hoshino et al.[12] 2013 RCS
KWTB 315 60 222 33.6

CSTB 133 58 92 30

Lin et al.[13] 2015 RCT
KWTB 26 52.5 ± 17.4 13 12

CSTB 26 50.8 ± 16.3 11 12

Liu et al.[14] 2020 PCS
KWTB 75 60.74 ± 14.82 44 12

CSTB 71 57.23 ± 8.67 38 12

Liu et al.[15] 2022 RCS
KWTB 30 46.7 ± 12.5 9 24

CSTB 30 43.2 ± 13.4 10 24

Poh et al.[16] 2024 RCS
KWTB 40 63.625 ± 12.905 26 14.42 ± 6.05

CSTB 33 57.909 ± 17.234 16 14.42 ± 6.05

Tan et al.[17] 2016 RCS
KWTB 29 37.12 ± 10.35 7 20.79 ± 5.36

CSTB 26 35.96 ± 10.75 7 21.89 ± 4.72

Tian et al.[18] 2011 RCS
KWTB 52 56.12 ± 16.64 23 12

CSTB 49 57.12 ± 15.00 30 12

Wang et al.[19] 2014 RCS
KWTB 37 56.12 ± 23.88 18 12

CSTB 35 54.30 ± 22.70 16 12

Zhu et al.[20] 2021 RCS
KWTB 148 53.7 ± 13.3 85 18.4 ± 4.7

CSTB 83 51.9 ± 13.9 51 19.0 ± 4.6

SD, standard deviation; RCS, retrospective controlled study; KWTB, Kirschner wire tension band; CSTB, cannulated screw tension band; RCT, 
randomized-controlled trial; PCS, prospective cohort study.

FIGURE 3. Forest plot showing operative time.
KWTB, Kirschner wire tension band; CSTB, cannulated screw tension band; SD, standard deviation; CI, confidence interval.
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model. The combined analysis revealed that the 
healing times associated with the two fixation 
approaches were comparable (MD = 0.08; 95% CI 
–0.07 ~ 0.22; p = 0.28) (Figure 4, Table III).

Range of motion

Postoperative knee ROM was reported in three 
studies. Low heterogeneity (I² = 0%, p = 0.53) 
permitted analysis with a fixed-effects model. 
Patients treated with CSTB achieved significantly 
greater ROM compared to the KWTB group 
(MD = –7.16; 95% CI –9.34 ~ –4.98; p < 0.00001) 
(Figure 5, Table III).

Lysholm scores

Three studies provided Lysholm score data. 
Heterogeneity was low (I² = 29%, p = 0.25), 
supporting a fixed-effects model. Fixation of CSTB 
was associated with significantly superior Lysholm 
scores (MD = –4.80; 95% CI –6.62 ~ –2.99; p < 0.00001) 
(Figure 6, Table III).

Visual Analog Scale

Four studies reported postoperative VAS 
scores. Significant heterogeneity existed (I² = 85%, 
p = 0.0002), warranting a random-effects model. No 
statistically significant difference in VAS between 

FIGURE 4. Forest plot showing fracture healing time.
KWTB, Kirschner wire tension band; CSTB, cannulated screw tension band; SD, standard deviation; CI, confidence interval.

FIGURE 5. Forest plot showing ROM.
KWTB, Kirschner wire tension band; CSTB, cannulated screw tension band; SD, standard deviation; CI, confidence interval; ROM, range of motion.

FIGURE 6. Forest plot showing Lysholm scores.
KWTB, Kirschner wire tension band; CSTB, cannulated screw tension band; SD, standard deviation; CI, confidence interval.
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the groups (MD = 0.21; 95% CI –0.74 ~ 1.15; p = 0.67) 
(Figure 7, Table III).

Reoperations

Reoperation cases were documented in ten 
studies. Given the high level of heterogeneity 
(I² = 49%, p < 0.00001), a random-effects model 
was employed. The analysis showed that the CSTB 
group had a significantly lower risk of reoperation 
than the KWTB group (OR = 5.14; 95% CI 2.66 ~ 9.93; 
p < 0.00001) (Figure 8, Table III).

Complications

Data regarding overall complications was 
obtained from 10 studies. Due to substantial 
heterogeneity (I² = 79%, p < 0.00001), a random-
effects model was applied. The CSTB group 
showed a significant reduction in the incidence of 
postoperative complications (OR = 14.19; 95% CI 
4.85 ~ 41.56; p < 0.00001) (Figure 9, Table III).

Heterogeneity and publication bias analysis

Given the substantial heterogeneity in surgery 
time and VAS (I² > 80%), we conducted sensitivity 
and heterogeneity analyses for these two parameters. 
The heterogeneity was assessed by sequentially 
excluding the data from each individual study to 
observe any changes.

Sensitivity analyses in which studies were 
sequentially excluded revealed that the pronounced 
heterogeneity in surgical time (I² > 80%) was not 
attributable to any single trial. Re-examination 
of the full manuscripts indicated that the 
variability originates from several technical factors: 
(1) differences in operative approach (minimally 
invasive vs. open techniques), (2) surgeon experience, 
(3) implant strategy (K-wire vs. cannulated-screw 
tension-band constructs), and (4) the use of adjunct 
technologies such as arthroscopy or fluoroscopy. 
These procedural elements appear to act in concert, 

FIGURE 7. Forest plot showing VAS.
KWTB, Kirschner wire tension band; CSTB, cannulated screw tension band; SD, standard deviation; CI, confidence interval; VAS, Visual Analog Scale.

FIGURE 8. Forest plot showing reoperations.
KWTB, Kirschner wire tension band; CSTB, cannulated screw tension band; CI, confidence interval.
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generating context-specific time distributions 
that cannot be adequately captured by aggregate 
meta-analytic models. Future investigations 
should adopt rigorous procedural standardization, 
including detailed operation scripts, surgeon 
credentialing criteria, and real-time time-segment 
recording, to minimize clinical heterogeneity and 
enhance the interpretability of pooled estimates.

Upon heterogeneity analysis of the VAS, removal 
of the Tan et al.[17] data set produced a marked 
reduction in inconsistency (I² = 26%), indicating that 
this trial was the principal driver of between-study 
variance. Stratified inspection revealed that Tan et 
al.[17] reported substantially lower VAS values at 
three and six months postoperatively, converging 
with the other cohorts only at the 12-month 
endpoint. This time-dependent discrepancy 
likely reflects study-specific analgesic protocols 
or baseline pain-sensitivity profiles, widening 
the pooled dispersion. Consequently, sensitivity 
exclusion or time-point subgroup meta-analysis is 
recommended to enhance the robustness of future 
syntheses.

In this study, the Egger's test for the reoperation 
indicator revealed a significant small-sample effect 
(p < 0.001). Furthermore, sequential exclusion of each 
individual study did not result in substantial changes 
in heterogeneity or the overall study results. The 
primary sources of this effect are likely systematic 
variations, which can be categorized into four aspects: 
First, publication bias: Among the 10 included studies, 

only four were prospective, while the remaining six 
were retrospective. This may lead to selection bias 
of cases, and such bias is difficult to adjust for in 
small samples. Second, differences in study design: 
There were uneven sample sizes between groups 
and varied follow-up durations. Specifically, the 
reoperation rate in small-sample groups is prone 
to fluctuation, and late events are more likely to be 
missed in these groups. Third, heterogeneity in case 
characteristics: Different fracture types result in 
variations in patients' baseline risks, which further 
contributes to the observed small-sample effect. 
Fourth, surgery-related differences: The impacts of 
surgical procedures and surgeon experience, which 
might be negligible in large samples, are amplified 
in small samples.

Similarly, the Egger's test for the complication 
indicator in our study revealed publication bias 
(p = 0.004). After sequentially excluding each 
individual study, there were no substantial changes 
in the pooled effect size or heterogeneity. This 
phenomenon is likely attributed to the systematic 
superimposition of differences in study design, 
inconsistencies in outcome indicator definitions, 
and confounding factors related to patients' baseline 
characteristics, rather than the outlier effect of a 
single study. Such differences are prevalent across 
all included studies; therefore, the pooled results 
and heterogeneity remained essentially unchanged 
after the exclusion of any single study. Future 
studies should adopt prospective, randomized 

FIGURE 9. Forest plot showing complications.
KWTB, Kirschner wire tension band; CSTB, cannulated screw tension band; CI, confidence interval.
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designs, standardize complication definitions, and 
strictly adjust for confounding factors such as age 
and fracture classification to further reduce bias 
and heterogeneity.

DISCUSSION

Patella fractures result in a functional disability 
of the knee extension system and constitute 
approximately 1% of all fractures.[21,22] Management 
necessitates consideration of patient age, functional 
status, and bone quality. The main goals of surgery 
include anatomical reduction, articular surface 
restoration, preservation of patellar structure, 
stable fixation permitting early mobilization, 
and restoration of extensor mechanism 
function.[23] Fixation of KWTB continues to be 
widely used, as it transforms tensile forces on 
the anterior surface into compressive forces at 
the articular surface. A range of complications 
including hardware irritation, pin migration, 
loss of reduction, infection, and nonunion have 
been well-documented in the literature.[24,25] 
Fixation of CSTB, utilizing cannulated screws 
for interfragmentary compression combined 
with a tension band (often cable/wire), offers a 
biomechanically robust alternative designed to 
mitigate these issues.[26]

In the present meta-analysis, we included 
11 studies, with the objective of comparing the 
effectiveness and safety of CSTB and KWTB in the 
management of patellar fractures. The pooled data 
indicated that no statistically significant disparities 
existed between the two groups regarding 
operation duration, fracture healing duration, and 
postoperative VAS scores. However, compared to the 
KWTB group, the CSTB group had more favorable 
postoperative ROM, higher Lysholm score, and 
significantly lower reoperation rate and overall 
complication rate, indicating statistically significant 
differences.

A previous meta-analysis similarly reported 
no significant difference in the operative time or 
healing time between the two techniques, aligning 
with our findings.[6] However, Drolia et al.[9] observed 
superior radiographic healing in the CSTB group at 
six and 12 weeks postoperatively, despite equivalent 
union rates at 24 weeks, suggesting a potential 
early healing advantage with CSTB fixation. This 
benefit likely stems from the biomechanical synergy 
achieved by CSTB: cannulated lag screws provide 
perpendicular interfragmentary compression across 
the fracture line, while the rigid cable tension 
band resists tensile forces. This construct enhances 

reduction accuracy and fixation stability, mitigating 
the risks of reduction loss, hardware loosening, 
and subsequent reoperation inherent to KWTB due 
to wire flexibility and smooth K-wire surfaces, 
ultimately improving the stability and clinical 
efficacy of patellar fracture reduction.[27,28]

Postoperative knee ROM is fundamentally 
dependent on implant stability. Rigid constructs 
such as CSTB and locking plates, offering 
superior resistance to displacement, facilitate 
early functional rehabilitation, enabling average 
postoperative flexion of 130° to 131°. Conversely, 
the high loosening rates (22 to 30%) associated 
with traditional KWTB often necessitate 
delayed rehabilitation protocols.[11,29] Initiating 
early, structured rehabilitation (e.g., achieving 
90° flexion by six weeks postoperatively) and 
preventing complications such as fixation failure 
and infection are equally critical for optimal ROM 
recovery. Furthermore, the timing and intensity of 
postoperative mobilization, coupled with implant 
stability, are pivotal determinants of functional 
outcome scores. Screw-based fixation systems, 
characterized by enhanced biomechanical stability 
and lower complication rates, yield significantly 
superior Lysholm scores compared to KWTB. The 
propensity for KWTB loosening frequently restricts 
early motion (e.g., flexion < 90°), which correlates 
strongly with diminished Lysholm scores.[30] In our 
analysis, although postoperative VAS scores showed 
no significant intergroup difference, CSTB fixation 
resulted in significantly better ROM and Lysholm 
scores than KWTB, underscoring its advantage in 
improving post-fracture joint function.

The divergent reoperation and complication rates 
between CSTB and KWTB primarily arise from 
differences in hardware design, fixation stability, 
and tissue compatibility. The KWTB employs smooth 
K-wires prone to loosening and migration; their 
prominent bent ends frequently cause soft tissue 
irritation, contributing to high hardware-related 
morbidity. Hoshino et al.[12] and Zhu et al.[20] reported 
implant removal rates as high as 36.8% and 40.5%, 
respectively, primarily due to painful subcutaneous 
wire protrusion. In contrast, CSTB utilizes threaded 
screws to achieve stable fracture compression. 
Combined with a low-profile design that minimizes 
soft tissue irritation, this significantly reduces 
complication and reoperation rates, consistent with 
our pooled results. However, meticulous attention to 
technical details, such as appropriate screw length 
selection in comminuted fractures, is crucial to 
avoid potential fixation failures.[31]
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Nonetheless, this study has several limitations. 
First, evidence quality is limited: only two RCTs 
and nine non-RCTs were included, and inherent 
selection bias from non-random patient allocation 
in non-RCTs lowers the overall evidence level 
of the meta-analysis; some studies also have 
small sample sizes, further reducing statistical 
power. Second, heterogeneity is notable; clinically, 
heterogeneity in surgical time and VAS scores 
(both with I² > 80%) weakens the accuracy of 
pooled results and varying rehabilitation protocols 
across studies may confound the interpretation 
of functional recovery. Third, variable follow-up 
durations risk omitting late outcomes, introducing 
potential follow-up bias which weakens the 
robustness of conclusions.

In conclusion, this meta-analysis demonstrates 
that CSTB fixation offers significant advantages 
over KWTB for patellar fractures regarding 
postoperative knee ROM, functional outcomes, 
reoperation rates, and overall complication rates. 
Future multi-center, large-scale, long-term RCTs 
employing standardized rehabilitation protocols 
and stratified analyses incorporating diverse 
fracture patterns are warranted to confirm these 
findings.
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