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Research Paper
Intramedullary Versus Extramedullary Tibial 
Alignment Guides in Total Knee Arthroplasty: Coronal 
Alignment and Early Inflammatory Marker Trends

Background: Accurate tibial alignment is important in total knee arthroplasty (TKA), and 
intramedullary (IM) and extramedullary (EM) tibial guides may differ in alignment performance 
and early perioperative physiological effects. 

Objectives: This study aimed to compare the coronal alignment parameters and early 
inflammatory marker trends between IM and EM tibial alignment techniques in primary TKA.

Methods: In this prospective pragmatic observational cohort, 110 primary TKA cases were 
analyzed (55 IM, 55 EM). Standing long-leg radiographs obtained during routine care were 
reviewed. When radiology report values were unavailable, two trained reviewers independently 
measured angles in the picture archiving and communication system (PACS) using standardized 
mechanical-axis methods. Outcomes included hip-knee-ankle angle (HKA), lateral distal 
femoral angle (LDFA), medial proximal tibial angle, joint line convergence angle (JLCA), 
alignment outliers, and perioperative white blood cell count (WBC), erythrocyte sedimentation 
rate, C-reactive protein (CRP), and interleukin-6. Between-group comparisons were performed 
using Welch’s t-test or Fisher’s exact test; P values were exploratory.

Results: Coronal alignment point estimates were similar between groups; HKA was 178.7±3.6 
degrees in the IM group and 179.4±3 degrees in the EM group (P=0.270). Alignment outliers 
occurred in 18.2% and 21.8% of cases, respectively (P=0.812). Inflammatory markers increased 
postoperatively in both groups. WBC was modestly higher in the IM group on postoperative 
day 1 (P=0.034); other available inflammatory marker comparisons showed no clear difference.

Conclusion: IM and EM tibial alignment techniques showed similar coronal alignment in this 
routine-care cohort. Early inflammatory marker trends were broadly similar, but laboratory 
findings should be interpreted with caution because sampling was incomplete and exploratory.

A B S T R A C T

Keywords:
Arthroplasty, 
Replacement, Knee, Tibial 
alignment, Intramedullary 
(IM), Extramedullary 
(EM), Inflammatory 
markers

Citation Moghtadaei M, Farahini H, Yegane A, Ameri M, Zarei B, Sour B. Intramedullary Versus Extramedullary Tibial 
Alignment Guides in Total Knee Arthroplasty: Coronal Alignment and Early Inflammatory Marker Trends. Journal of Research 
in Orthopedic Science. 2026; 13(1):13-24. http://dx.doi.org/10.32598/JROSJ.13.1.2746.1

 : http://dx.doi.org/10.32598/JROSJ.13.1.2746.1

Use your device to scan 
and read the article online

Article info:
Received: 19 Jun 2025
Revised: 28 Nov 2025
Accepted: 22 Dec 2025

Copyright © 2026 The Author(s); 
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC 4.0: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en), 
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://doi.org/10.2174/1574888X18666230504094233
https://www.ncbi.nlm.nih.gov/pubmed/37150986
https://doi.org/10.1016/j.freeradbiomed.2019.07.026
https://www.ncbi.nlm.nih.gov/pubmed/33850527
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8027750
https://www.ncbi.nlm.nih.gov/pubmed/31351174
http://Journal of Research in Orthopedic Science
http://Journal of Research in Orthopedic Science
https://crossmark.crossref.org/dialog/?doi=10.32598/JROSJ.13.1.2718.3
http://jros.iums.ac.ir/page/114/Open-Access-Policy
mailto:khatere_mokhtari@yahoo.com
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


14

2026. Volume 13. Issue 1

Introduction

estoration of coronal limb alignment has 
traditionally been considered a key ob-
jective in total knee arthroplasty (TKA), 
given reported associations with implant 
longevity and biomechanical load distri-

bution [1-3]. Malalignment of the mechanical axis has 
been linked to increased wear and higher revision rates 
in long-term follow-up series [1, 3]. Therefore, accurate 
tibial component positioning is central to achieving an 
appropriate postoperative mechanical axis.

Intramedullary (IM) and extramedullary (EM) tibial 
alignment guides are widely used for tibial resection in 
conventional TKA. IM guides reference the tibial canal, 
whereas EM guides rely on external anatomical land-
marks. Comparative series and randomized trials have 
often reported similar coronal alignment accuracy and 
comparable outlier rates between techniques [4-12]. 
Systematic reviews and meta-analyses generally suggest 
that no consistent alignment advantage exists for either 
guide across heterogeneous settings [13-16].

In addition to alignment, the degree of IM instrumen-
tation may influence perioperative physiology through 
canal violation and endosteal trauma. Indirect evidence 
from studies comparing conventional instrumentation 
with approaches that avoid IM rods (for example, ro-
botic or navigated procedures) suggests that differences 
in systemic inflammatory markers may be modest and 
transient [17, 18]. Direct data specifically comparing in-
flammatory marker kinetics between IM and EM tibial 
alignment techniques are limited.

Objectives

This study aimed to compare coronal alignment pa-
rameters and perioperative inflammatory marker trends 
between IM and EM tibial alignment techniques using 
real-world clinical data collected during routine care. 
This dual-domain evaluation was intended to assess both 
mechanical alignment and early systemic biological re-
sponses in the same cohort. We hypothesized that align-
ment outcomes would be similar between techniques 
and that any differences in systemic inflammatory re-
sponse would be small.

Methods

Study design and data sources

This prospective pragmatic observational cohort study 
used clinical, laboratory, and radiographic data collected 
during routine perioperative care. All clinical and labora-
tory variables were recorded prospectively from routine 
clinical documentation. No additional imaging was ob-
tained for research purposes.

The study protocol was registered in an institutional re-
search management system (tracking code: blinded for 
review; registered on February 7, 2025).

This study was conducted in accordance with the ethi-
cal guidelines of the 1975 Declaration of Helsinki, and 
written informed consent was obtained from each patient 
included in the study.

Setting and recruitment

This prospective, pragmatic, observational cohort study 
was conducted across three tertiary orthopedic centers in 
2025. Consecutive patients scheduled for primary TKA 
were screened for eligibility. Clinical, radiographic, and 
laboratory data were collected prospectively according 
to routine care pathways at predefined perioperative time 
points. Alignment radiographs were obtained as part of 
standard postoperative assessment.

Eligibility criteria

The inclusion criteria included adults undergoing pri-
mary TKA for degenerative knee disease, use of either 
an IM or EM tibial alignment guide, and availability of 
standing long-leg radiographs preoperatively and/or post-
operatively as part of routine care. The exclusion criteria 
included revision TKA, prior tibial osteotomy, severe 
extra-articular deformity requiring additional corrective 
procedures, and inflammatory arthropathy or active in-
fection at the time of surgery. Patients with incomplete 
laboratory follow-up were retained; missing laboratory 
values were handled by available-case analysis.

Participants and grouping

A total of 110 primary TKA cases were enrolled and ana-
lyzed. The cases were grouped by the tibial alignment tech-
nique used during surgery: IM (IM group, n=55) or EM 
(EM group, n=55). Use of IM versus EM tibial alignment 
guides was determined by surgeon preference and intra-
operative feasibility; allocation was non-random. Table 1 
presents demographic and baseline surgical characteristics.

R

 Moghtadaei M, et al. Tibial Guides in TKA. J. Res Orthop Sci. 2026; 13(1):13-2.



15

2026. Volume 13. Issue 1

Exposure definition (tibial alignment technique)

The tibial alignment method used during surgery was 
the focus of the exposure. In the IM group, tibial align-
ment was guided by an IM rod inserted into the tibial ca-
nal according to the manufacturer’s technique. In the EM 
group, tibial alignment was guided by an EM jig refer-
enced to external anatomical landmarks. The selection of 
IM versus EM guidance was non-random and determined 
by surgeon preference and intraoperative feasibility.

Outcomes

The primary outcomes were coronal alignment param-
eters on standing long-leg radiographs (hip-knee-ankle 
[HKA], lateral distal femoral angle [LDFA], medial 
proximal tibial angle [MPTA], intramedullary alignment 
angle [IMA], and joint line convergence angle [JLCA], 
when available and perioperative inflammatory marker 
trajectories (white blood cell count [WBC], erythrocyte 
sedimentation rate [ESR], C-reactive protein [CRP], 
interleukin-6 [IL-6]). The secondary outcome was the 
proportion of alignment outliers, defined as an absolute 
HKA deviation >3° from neutral” consistently. Outcomes 
were assessed using routinely collected clinical data and 
imaging without protocol-driven additional testing.

Study size

The study size was determined based on the number of 
eligible cases accrued during the study period. No formal 
a priori sample size calculation was performed because 
the study was designed to describe real-world variability 
in alignment and perioperative laboratory kinetics rather 
than to detect small between-group differences with high 
precision.

Perioperative management

All patients were managed using standardized insti-
tutional perioperative pathways, including antibiotic 
prophylaxis, routine thromboprophylaxis, and postop-
erative rehabilitation protocols. Blood sampling for in-
flammatory markers was performed as part of routine 
postoperative monitoring at predefined time points. The 
surgical approach and implant type were performed ac-
cording to standard practice at each center. Tourniquet 
use, tranexamic acid administration, and drain placement 
were performed according to surgeon preference; these 
variables were not controlled for in the study protocol.

Radiographic measurements

Standing full-length lower-limb radiographs were re-
viewed. Alignment angles were extracted from radiol-
ogy reports when documented as numeric values. When 
angles were not reported numerically, radiographic 
measurements were independently performed by two 
trained reviewers using standardized coronal-plane me-
chanical-axis techniques. Both reviewers were blinded 
to the surgical technique and laboratory outcomes. Mea-
surements were conducted in a picture archiving and 
communication system (PACS) using calibrated digital 
angle tools according to a predefined protocol. In cases 
of discrepancy, a final consensus measurement was ob-
tained through joint review. Radiographic parameters 
included HKA angle, LDFA, MPTA, IMA, and JLCA 
when available. Alignment outliers were defined a priori 
as deviations >±3° from neutral mechanical alignment 
(HKA=180°).

Angles were defined using standard coronal plane con-
ventions: HKA, the coronal angle between the femoral 
and tibial mechanical axes; LDFA, the lateral angle be-
tween the femoral mechanical axis and the distal femo-
ral joint line; MPTA, the medial angle between the tibial 
mechanical axis and the proximal tibial joint line; and 
JLCA, the angle between the distal femoral and proxi-
mal tibial joint lines. Measurements were recorded in 
degrees as documented or measured in PACS.

Inflammatory markers

The perioperative inflammatory markers included 
WBC, ESR, CRP, and IL-6. Values were recorded pre-
operatively and on postoperative days 1, 7, and 15, with 
CRP additionally recorded on postoperative day 3 to 
capture the typical postoperative peak, when available as 
part of routine clinical care.

Missing data

Laboratory markers were obtained as part of routine 
care; therefore, availability varied by time point. Avail-
able case analysis was performed without imputation. 
The number of observations per group at each postop-
erative time point is reported for each marker to support 
interpretability and avoid overstating precision (Supple-
mentary Supplementary Table S1). Because laboratory 
sampling was not fully standardized, inflammatory-
marker analyses were interpreted as exploratory.
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Potential sources of bias

Several steps were taken to reduce bias within the con-
straints of routine care data. IM versus EM guidance was 
recorded from operative documentation, and laboratory 
outcomes were abstracted directly from institutional re-
sults. Radiographic angles were obtained from reports 
when available, and PACS measurements were performed 
by two trained reviewers using a predefined standard 
protocol with blinding to surgical technique and labora-
tory results. Residual confounding remains possible be-
cause exposure assignment was non-random and factors 
such as comorbidities, operative time, tourniquet use, and 
tranexamic acid use were not controlled for in the protocol.

Statistical analysis

Continuous variables are presented as Mean±SD and 
categorical variables as No. (%). Between-group com-
parisons at each time point were assessed using Welch’s 
t-test for continuous variables and Fisher’s exact test for 
categorical variables, including alignment outliers. Mean 
differences with 95% confidence intervals (CI) were 
calculated using Welch standard errors. For binary out-
comes, risk differences with 95% confidence intervals 
(CIs) were reported. Analyses were two-sided; P<0.05 
was considered statistically significant. Given multiple 
time points and outcomes, P values were interpreted as 
exploratory and were not adjusted for multiple com-
parisons. No multivariable adjustment was performed 
because the study was designed as an exploratory rou-
tine-care cohort and covariate completeness was limited 
across outcomes.

This study was reported in accordance with the 
strengthening the reporting of observational studies in 
epidemiology (STROBE) statement.

Results

Participant flow and availability

A total of 110 patients were enrolled and analyzed 
(55 IM, 55 EM); all were primary TKAs. Postoperative 
laboratory availability decreased over time, consistent 
with routine follow-up patterns. For example, WBC was 
available for 52/51 patients on postoperative day 1 and 
30/29 patients on postoperative day 7 (IM/EM). IL-6 
measurements were available in smaller subsets (18/17 
on day 1; 7/6 on day 7). Radiographic parameters were 
available for a subset depending on documentation and 
imaging availability. Figure 1 shows the participant flow 
and the availability of postoperative laboratory results.

Patient characteristics

The study cohort comprised 110 primary TKA cases 
(55 IM and 55 EM). The mean age was 64.3±6.1 years 
in the IM group and 63.6±6.8 years in the EM group 
(P=0.571). The sex distribution was similar (IM: 15 
males/40 females; EM: 16 males/39 females; P=1.000), 
as was the operated side (IM: 28 right/27 left; EM: 27 
right/28 left; P=1.000) (Table 1). The mean preoperative 
alignment deviation was 7.9±3.0° in the IM group and 
7.5°±3.2° in the EM group (P=0.500). All cases were 
primary TKA.

Radiographic coronal alignment

Documented coronal alignment parameters showed 
similar mean point estimates between groups (Table 2). 
The mean HKA was 178.7±3.6° in the IM group and 
179.4±3.0° in the EM group (mean difference -0.7°, 
P=0.270). No evidence of a clear between-group differ-
ence was observed for mean LDFA (P=0.166), MPTA 
(P=0.174), IMA (P=0.137), or JLCA (P=0.226). Align-
ment outliers (absolute HKA deviation >3° from neutral) 
occurred in 10/55 (18.2%) IM cases and 12/55 (21.8%) 
EM cases (P=0.812). The risk difference was -3.6 per-
centage points (95% confidence interval [CI] -18.6 to 
11.3; P=0.812). Figure 2 shows mean postoperative 
HKA values and the ±3° threshold.

Perioperative inflammatory markers

All inflammatory markers increased after surgery and 
demonstrated expected postoperative kinetics (Tables 3, 
4, 5, and 6). The available sample sizes varied by marker 
and time point (Supplementary Table S1). WBC was 
modestly higher in the IM group on postoperative day 
1 (11.9±2.7 vs 10.8±2.5×103/µL; mean difference 1.1, 
95% CI 0.08 to 2.12; P=0.034). This isolated finding 
should be interpreted cautiously because multiple ex-
ploratory comparisons were performed. No evidence of 
a clear between-group difference was observed at later 
WBC time points (postoperative day 7: P=0.139). CRP 
peaked on postoperative day 3 in both groups (67±16 vs 
62±15 mg/L; mean difference 5, 95% CI -2.0 to 12.0; 
P=0.161). IL-6 comparisons were limited by the small 
number of available samples and showed no clear dif-
ference at the reported time points (postoperative day 1: 
P=0.250; postoperative day 7: P=0.297). WBC peaked 
on postoperative day 1 and declined toward baseline by 
day 15 in both groups. ESR rose more gradually and re-
mained elevated at day 15. IL-6 peaked early and de-
clined by postoperative day 15. Figure 3 shows WBC 
and CRP trajectories.

 Moghtadaei M, et al. Tibial Guides in TKA. J. Res Orthop Sci. 2026; 13(1):13-2.
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Figure 1. Study flow diagram of included cases and example laboratory availability on postoperative day 1 
Abbreviations: IM: Intramedullary; EM: Extramedullary; POD: Postoperative day; WBC: White blood cell count; CRP: C-reac-
tive protein; IL-6: Interleukin-6. 
Note: Laboratory availability varied by time point (Supplementary Table S1). 

Figure 2. Postoperative hip-knee-ankle (HKA) by tibial alignment technique
Abbreviations: IM: Intramedullary; EM: Extramedullary. 
Note: Points represent mean values; error bars represent SD. Shaded area indicates ±3° from neutral mechanical alignment 
(180°). Outlier rates (>±3°) are shown for each group. 

 Moghtadaei M, et al. Tibial Guides in TKA. J. Res Orthop Sci. 2026; 13(1):13-2.



18

2026. Volume 13. Issue 1

Figure 3. Perioperative trends of (A) WBC and (B) CRP
Abbreviations: IM: Intramedullary; EM: Extramedullary; POD: Postoperative day.
Note: Values are Mean±SD at available time points. 

Table 1. Demographic and surgical characteristics

Variables
Mean±SD/No. (%)

IM Group (n=55) EM Group (n=55)

Age (y) 64.3±6.1 63.6±6.8

Sex (male/female) 15(27.3)/40(72.7) 16(29.1)/39(70.9)

Operated side (right/left) 28(50.9)/27(49.1) 27(49.1)/28(50.9)

Primary TKA 55(100) 55(100)

Preoperative alignment deviation (°) 7.9±3 7.5±3.2

Abbreviations: IM: Intramedullary; EM: Extramedullary; TKA: Total knee arthroplasty.�

Table 2. Radiographic coronal alignment parameters

Parameter
Mean±SD/No. (%)

IM Group EM Group

HKA (°) 178.7±3.6 179.4±3

LDFA (°) 91.4±3.2 90.6±2.8

MPTA (°) 87.3±4.5 88.4±3.9

IMA (°) 6.1±1.7 5.6±1.8

JLCA (°) 3.6±2.3 3.1±2

Alignment outliers (>±3° from neutral) 10(18.2) 12(21.8)

Abbreviations: HKA: Hip-knee-ankle; LDFA: Lateral distal femoral angle; MPTA: Medial proximal tibial angle; IMA: 
Intramedullary alignment angle; JLCA: Joint line convergence angle.

 Moghtadaei M, et al. Tibial Guides in TKA. J. Res Orthop Sci. 2026; 13(1):13-2.
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Discussion

The principal finding of this prospective pragmatic ob-
servational cohort study was that the point estimates for 
coronal alignment were similar between the IM and EM 
tibial guide groups in routine clinical practice. No evi-
dence of a clear between-group difference was observed 
for HKA, LDFA, MPTA, IMA, or JLCA in the available 
sample. The main contribution of this study is the com-
bined assessment of radiographic alignment and early 
perioperative inflammatory marker trends between IM and 
EM tibial alignment techniques in routine clinical practice.

Comparison with existing literature

Our alignment findings are consistent with most com-
parative evidence, suggesting broadly similar coronal 
alignment accuracy for IM and EM tibial guides. Ran-
domized trials and meta-analyses have reported no 
meaningful difference in postoperative mechanical axis 
or tibial component coronal alignment between tech-
niques, with comparable pooled outlier rates [4, 8, 10, 
13-16]. A randomized trial in severely obese patients 
also reported equivalent tibial alignment using IM ver-
sus EM guidance, supporting applicability in challeng-
ing anatomy [8]. However, individual studies have 
reported context-dependent differences; for example, 
Razzaghof et al. observed fewer MPTA outliers with IM 

Table 3. WBC (×103/µL)

Time Point
Mean±SD

IM Group EM Group

Preoperative 6.9±1.5 6.7±1.4

Postoperative day 1 11.9±2.7 10.8±2.5

Postoperative day 7 9±2.1 8.2±2

Postoperative day 15 7.6±1.6 7.1±1.5

 Moghtadaei M, et al. Tibial Guides in TKA. J. Res Orthop Sci. 2026; 13(1):13-2.

Table 4. ESR (mm/h)

Time Point
Mean±SD

IM Group EM Group

Preoperative 19±9 17±8

Postoperative day 1 33±13 31±11

Postoperative day 7 36±12 34±11

Postoperative day 15 25±10 23±9

Table 5. CRP (mg/L)

Time Point
Mean±SD

IM Group EM Group

Preoperative 4.5±2.8 4.2±2.6

Postoperative day 1 51±18 46±17

Postoperative day 3* 67±16 62±15

Postoperative day 7 24±11 21±10

Postoperative day 15 9.4±5 8.7±4.6

*Peak postoperative CRP values.�
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guidance in their randomized trial [19]. Taken together, 
these findings suggest that small differences in outlier 
rates may reflect patient anatomy, surgeon technique, 
and landmark reliability rather than a consistent intrinsic 
advantage of one guide.

Compared with single-surgeon randomized trials, our 
real-world cohort likely captures greater variability in 
workflow and documentation. This may contribute to a 
wider spread of alignment values; however, our outlier 
rate remained within the range reported in controlled 
studies and pooled analyses. These observations sup-
port the pragmatic interpretation that either conventional 
guide can achieve acceptable coronal alignment when 
applied carefully, and that surgeon familiarity and in-
traoperative judgment remain central determinants of 
alignment.

Several factors may influence the practical performance 
of EM versus IM guidance. External landmarking may 
be challenged by soft-tissue envelope, ankle deformity, 
or rotational positioning, whereas IM referencing may 
be affected by canal anatomy, bowing, or prior deformi-
ty. Accordingly, studies have reported variable patterns 
of outliers, with some suggesting fewer tibial coronal 
outliers with IM guidance in selected settings, while oth-
ers show equivalence. Our findings support a conserva-
tive interpretation that guide choice alone is unlikely to 
be the dominant determinant of coronal alignment.

Beyond alignment, some authors have examined 
whether IM instrumentation influences perioperative 
blood loss or physiological stress. A large retrospective 
series comparing intra- versus EM alignment approach-
es reported similar estimated blood loss and transfusion 
rates, suggesting that canal entry alone may not trans-
late into clinically meaningful differences in bleeding 
in modern practice [20]. A recent single-centre cohort 
also reported satisfactory radiographic and perioperative 
outcomes with IM tibial guidance [21]. Indirect com-

parisons from navigation or robotic-assisted TKA work-
flows that may reduce IM rod use have reported modest 
short-term differences in systemic biomarkers. Howev-
er, these effects were transient and may be influenced 
by multiple aspects of technique rather than a single in-
strument choice [17, 18]. In the present study, laboratory 
trajectories were broadly similar between tibial guide 
groups, supporting the view that any systemic impact 
of tibial alignment method is likely small relative to the 
overall surgical insult; however, the laboratory findings 
should be considered exploratory because sampling was 
incomplete and not fully standardized.

Perioperative inflammatory response in context

Early postoperative systemic inflammatory marker 
trajectories were broadly similar between groups. WBC 
was modestly higher in the IM group on postoperative 
day 1. In contrast, no evidence of a clear difference was 
observed in other available inflammatory marker com-
parisons, and IL-6 analyses were limited by the small 
sample size. These findings are biologically plausible 
given the hypothesis that IM canal violation may tran-
siently influence systemic physiology; however, causal 
inference is limited by the non-randomized design, lack 
of multivariable adjustment, and incomplete laboratory 
capture. Indirect evidence from studies avoiding IM in-
strumentation (e.g. robotic or navigated workflows) 
suggests modest, short-lived reductions in early inflam-
matory markers compared with conventional techniques 
[17, 18].

The within-group trajectories observed in this cohort 
were consistent with established postoperative kinet-
ics after uncomplicated TKA, including an early rise in 
IL-6 and a CRP peak around postoperative days 2-3 with 
subsequent decline [22, 23], while ESR showed a more 
prolonged elevation in our cohort. In our data, between-
group differences were small relative to the magnitude 
of the expected postoperative response, and confidence 

Table 6. Interleukin-6 (IL-6, pg/mL)

Time Point
Mean±SD

IM Group EM Group

Preoperative 7.4±2.9 6.8±2.6

Postoperative day 1 35.6±9.8 31.9±8.9

Postoperative day 7 15.2±5.4 12.1±4.8

Postoperative day 15 6.5±2.4 5.9±2.2

Note: n varies by time point due to availability (see Supplementary Table S1).�
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intervals for key comparisons were compatible with both 
no effect and modest effects. Together, this suggests that 
any systemic inflammatory impact of tibial guide selec-
tion is likely limited in typical primary TKA, although 
larger studies with standardized sampling are needed for 
definitive inference.

Clinical implications

In routine primary TKA, guide selection should be 
individualized. Based on our findings and the broader 
literature, practical considerations include:

EM guidance may be preferred when tibial canal ac-
cess is undesirable or IM access is limited by anatomy or 
prior instrumentation.

IM guidance may be helpful when external landmarks 
are unreliable (e.g. high soft-tissue envelope), although 
evidence for reduced coronal outliers is inconsistent 
across studies.

Surgeon familiarity, careful landmarking, and intraop-
erative verification likely have a greater impact on align-
ment than guide type alone.

Clinical significance should be interpreted cautiously. 
We did not evaluate clinical outcomes, complications, or 
infection endpoints in relation to inflammatory marker 
trajectories, and residual confounding, including op-
erative time, tissue handling, tourniquet use, tranexamic 
acid use, and comorbidity profiles, may influence in-
flammatory response. Multiple comparisons were per-
formed across time points; P values should be consid-
ered exploratory.

The strengths of the study include prospective data 
capture in routine practice, inclusion of consecutive pri-
mary TKA cases, standardized two-reviewer radiograph-
ic measurement when report values were unavailable, 
and combined evaluation of radiographic alignment and 
perioperative laboratory markers. Reporting of availabil-
ity and effect estimates was intended to improve trans-
parency in the setting of real-world missingness.

Conclusion

In this prospective pragmatic observational cohort, 
IM and EM tibial alignment techniques in TKA showed 
similar coronal alignment as assessed by standing long-
leg radiographs. Perioperative inflammatory marker tra-
jectories were broadly similar in available samples, with 
a modestly higher WBC on postoperative day 1 in the 

IM group. Because of the non-randomized design and 
incomplete routine-care laboratory sampling, these find-
ings should be interpreted as exploratory. Further studies 
with standardized measurement protocols, more com-
plete laboratory data capture, adjusted analyses, and cor-
relation with clinical outcome are warranted.

Limitations

This study has limitations inherent to its observational 
design. The allocation of IM versus EM guidance was 
non-random, introducing potential for unmeasured con-
founding and selection bias due to surgeon preference. 
No multivariable adjustment was performed, and vari-
ables, such as operative time, tourniquet use, tranexamic 
acid use, tissue handling, and comorbidity profiles were 
not controlled. Alignment parameters were partly report-
derived, and a subset required PACS-based measure-
ment from existing radiographs, which may introduce 
measurement heterogeneity. Although measurements 
were performed by two trained reviewers using a stan-
dardized protocol, formal interobserver and intraobserv-
er reliability testing was not performed. Laboratory test-
ing schedules were not uniform across patients, reducing 
power for some comparisons, particularly IL-6, and lim-
iting inference; missing data were not imputed. Clinical 
outcomes, complications, and infection endpoints were 
not assessed.

Ethical Considerations
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This study was approved by the Research Ethics Com-
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ment system (tracking code: blinded for review). The 
study was conducted in accordance with the Declara-
tion of Helsinki. Written informed consent was obtained 
from all participants. The submitted manuscript contains 
no names, initials, hospital identification numbers, or 
photographs that could identify patients.
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Supplementary Table S1. Availability of postoperative inflammatory markers by time point (n IM/EM)

Marker POD1 (n IM/EM) POD3 (n IM/EM) POD7 (n IM/EM)

WBC 52/51 — 30/29

ESR 20/19 — 24/23

CRP 46/45 39/38 27/26

IL-6 18/17 — 7/6

Abbreviations: POD: Postoperative day; IM: Intramedullary; EM: Extramedullary; WBC: White blood cell count; ESR: Erythro-
cyte sedimentation rate; CRP: C-Reactive protein; IL-6: Interleukin-6.
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