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ABSTRACT

Varus malalignment in medial compartment osteoarthritis increases load transmission through the diseased
compartment, accelerating symptomatic and structural degeneration. High tibial osteotomy remains a joint-preserving
option in carefully selected younger and active patients, and dynamic axial external fixation permits gradual, controlled
correction while avoiding retained internal implants. This prospective case series included 10 patients (8 women and 2
men) aged 35-55 years with symptomatic medial compartment osteoarthritis and varus deformity. All patients
underwent medial opening-wedge high tibial osteotomy below the tibial tuberosity, stabilized with a dynamic axial
external fixator. Gradual correction was initiated on postoperative day 7 at approximately 1 mm/day, typically through
four incremental adjustments of 0.25 mm every 6 hours, and patients were mobilized early with walker support. Clinical
outcomes were assessed using the visual analog scale for pain, the knee injury and Osteoarthritis Outcome Score pain
and function subscales, and the Oxford knee score, with a minimum follow-up of 12 months. The mean correction
achieved was 8-10 degrees of valgus, with radiological union occurring within 8-12 weeks. The mean VAS pain score
improved from 6.8+0.9 preoperatively to 1.6+0.7 at 12 months; KOOS pain improved from 54.24+6.1 to 82.44+5.8,
KOOS function from 51.6+5.4 to 79.746.2, and the Oxford knee score from 19.4+3.2 to 39.6+3.5. No pin-tract infection,
fixation failure, loss of correction, or neurovascular injury was observed. One patient sustained a lateral cortex fracture
classified as Takeuchi type II, without compromise to eventual union or need for conversion to alternative fixation. This
case series describes an initial experience with dynamic axial external fixator-assisted high tibial osteotomy,
demonstrating controlled correction, radiological union within the observed period, and a limited complication profile
in this selected cohort; larger studies with longer follow-up and complete patient-level radiographic data are warranted.
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INTRODUCTION

Medial compartment osteoarthritis of the knee is a
common cause of pain, limping, and functional limitation
among middle-aged adults. Varus malalignment shifts the
mechanical axis medially, disproportionately increasing
load transmission through the affected compartment and
accelerating the degenerative process. Correction of the
coronal plane deformity is therefore a central therapeutic
goal in itself, rather than merely radiographic endpoint.'-

High tibial osteotomy has a long-established role in the
management of unicompartmental knee osteoarthritis.
Early studies established the underlying rationale-
unloading the diseased compartment by transferring the
mechanical axis laterally-while subsequent long-term
series demonstrated that appropriate patient selection and
preservation of native joint mechanics are more critical
determinants of outcome than the specific osteotomy
technique employed. Contemporary reviews continue to
support high tibial osteotomy as a durable, joint-preserving
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procedure in young, active patients with isolated medial
compartment disease.*”

Open-wedge techniques offer the advantage of controlled,
accurate correction while preserving tibial bone stock.
Dynamic axial external fixation, hemicallotasis, and
fixator-cum-distractor ~ constructs  permit  gradual
postoperative  adjustment, reducing the risk of
overcorrection and allowing fine-tuning of alignment.
Comparative studies have reported outcomes broadly
equivalent to plate fixation, although pin-tract infection
remains the most widely recognized limitation of external
fixation.®13

Lateral hinge fracture represents one of the most
significant technical complications of medial opening-
wedge osteotomy. The Takeuchi classification remains the
most widely used framework, as it correlates the pattern of
lateral cortical failure with construct stability and guides
clinical decision-making. Its relevance has been reinforced
by biomechanical evidence confirming that hinge
morphology and fracture type influence load transfer and
healing potential !>

The present case series was undertaken to report our initial
experience with medial opening-wedge high tibial
osteotomy stabilized with a dynamic axial external fixator,
and to contextualize these findings within the current
literature on varus knee correction.

CASE SERIES

This descriptive case series included 10 patients (8 women
and 2 men) with symptomatic medial compartment
osteoarthritis and varus deformity of the knee. Patients
ranged in age from 35 to 55 years, and all completed a
minimum follow-up of 12 months. The cohort represented
the institution's initial experience with this fixation
technique and was followed closely for correction, union,
clinical outcomes, and complications. The primary
surgical goals were to restore mechanical alignment,

unload the medial compartment, improve pain and
function, and avoid retained internal implants.

Patients were selected when the clinical presentation was
consistent with isolated medial compartment disease and
the deformity was judged suitable for joint-preserving
correction. The preoperative standing radiograph
demonstrating varus malalignment and the marked
mechanical axis is shown in Figure 1.

All patients underwent a medial opening-wedge high tibial
osteotomy performed below the tibial tuberosity, followed
by stabilization with a dynamic axial external fixator. The
sequential intraoperative steps of osteotomy, fixation, and
fluoroscopic assessment are shown in Figure 2. Gradual
correction was initiated on postoperative day 7 at
approximately 1 mm per day, typically achieved through
four incremental adjustments of 0.25 mm every 6 hours.
Patients were mobilized early with walker assistance, and
the external fixator was retained until radiographic union
was confirmed.

Figure 1: Preoperative standing radiograph
demonstrating varus malalignment, with the
mechanical axis marked.

Figure 2 (a-d): Intraoperative images demonstrating the surgical procedure and correction achieved after 15 days
of gradual distraction.
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Figure 3 (a-b): Postoperative radiographic and clinical assessment after 15 days of gradual distraction with the
dynamic axial external fixator in situ.

Postoperative radiographic and clinical assessment after
15 days of gradual distraction with the dynamic axial
external fixator in situ is shown in Figure 3.

Clinical outcomes were assessed using the visual analog
scale for pain, knee injury and osteoarthritis outcome score
(KOOS) pain and function subscales, and the Oxford knee
score. Radiological outcomes included the hip-knee-ankle
angle and medial proximal tibial angle (MPTA) to quantify
correction, along with time to union. All patients were also
assessed for perioperative and postop complications.

=== LB TR

Figure 4: Radiograph demonstrating measurement of
the medial proximal tibial angle (MPTA) used to
quantify correction.

Complications were systematically recorded, with
particular attention to pin-tract infection, loss of
correction, implant or frame failure, neurovascular injury,

delayed union, and lateral cortex fracture. Lateral hinge
fractures were classified according to the Takeuchi
classification. One fracture identified in this series was
classified as Takeuchi type II.

Ten patients (8 women and 2 men) underwent the
procedure, with an age range of 35-55 years and a
minimum follow-up of 12 months. The mean correction
achieved was 8-10 degrees of valgus, and radiological
union occurred within 8-12 weeks. The correction range is
reported as an aggregate because patient-level hip-knee-
ankle angle and MPTA measurements were not available
from the source data. Accordingly, individual radiographic
values are not presented. No sex-based outcome
comparison was attempted because the cohort included
only two men; sex distribution is presented descriptively.

Figure S (a and b): Postoperative image showing
deformative correction.

Clinical outcomes improved over the 12-month follow-up.
The mean VAS pain score improved from 6.8+0.9
preoperatively to 1.6+0.7 at 12 months, while KOOS pain
and function subscales improved from 54.2+6.1 to
82.4+5.8 and from 51.6+5.4 to 79.7+6.2, respectively. The
Oxford knee score increased from 19.4+3.2 to 39.643.5
over the same period. No pin-tract infection, fixator
failure, loss of correction, or neurovascular injury was
observed. One patient sustained a lateral cortex fracture at
the osteotomy site, classified as Takeuchi type II, which
did not compromise eventual union or require conversion
to an alternative fixation method.

International Journal of Research in Orthopaedics | November-December 2026 | Vol 12 | Issue 6 Page 3



Jena A et al. Int J Res Orthop. 2026 Nov; 12(6):xxx-xxx

Table 1: Demographic, operative, clinical, radiological and complication summary.

Parameters Findin

Patients 10

Age (in years) 35-55

Indication Medial compartment OA with varus
Procedure Medial opening-wedge HTO
Fixation Dynamic axial external fixator
Correction 8-10° valgus

Radiological union 8-12 weeks

VAS pain

KOOS pain
KOOS function
Oxford knee score

6.8+0.9 — 1.6=0.7

54.246.1 — 82.4+5.8
51.6+5.4 — 79.7+6.2
19.4+3.2 — 39.6+3.5

Complications 1 lateral cortex fracture
? 8
8
7
6
5
4
3 2
2
1 -
0
Female Male

Figure 6: Gender distribution in the case series.

Lateral cortex fracture |

Neurovascular injury
Loss of correction
Fixator failure
Pin-tract infection

0 0.5 1 1.5

Figure 7: Reported complication profile.
DISCUSSION

The findings of present series suggest that dynamic axial
external fixator-assisted high tibial osteotomy can achieve
controlled coronal plane correction with low complication
burden in a carefully selected group of younger patients.
Correction range of 8-10 degrees and the union window of

Comments

8 women, 2 men

All patients completed >12 months follow-up
Selected for joint-preserving correction

Performed below the tibial tuberosity

Retained until radiographic union

Aggregate range; patient-level HKA/MPTA values
unavailable

Observed across the cohort

Preoperative to 12 months

Preoperative to 12 months

Preoperative to 12 months

Preoperative to 12 months

Takeuchi type II; no pin-tract infection, fixator failure,
loss of correction, or neurovascular injury

8-12 weeks are consistent with the broad range reported in
contemporary open-wedge series.”$!1%19:20

The literature consistently supports high tibial osteotomy
as a joint-preserving strategy rather than a purely pain-
relieving procedure. Long-term series have demonstrated
meaningful survivorship and patient-reported benefit
when the operation is performed for the correct indication
and with appropriate alignment planning. Systematic
reviews similarly emphasize that the procedure remains
durable in selected younger, active patients, whereas
undercorrection, obesity, and technical error are associated
with poorer outcomes. '32!2?

Our findings are also consistent with the literature
comparing external fixation to plate fixation. Bachhal and
colleagues reported precise alignment correction using a
dynamic axial fixator, and comparative studies have found
no major difference in functional outcome between
fixator-based and plate-based techniques, although pin-
tract infection has generally been more common with
external fixation.®'® The absence of pin-tract infection in
the present series should be interpreted cautiously given
the small sample size.

The single lateral cortex fracture observed in this series
merits particular attention, as it illustrates the clinical
relevance of lateral hinge behavior in medial opening-
wedge osteotomy. The Takeuchi classification remains the
most practical framework for describing this complication,
and subsequent biomechanical work has confirmed that
fracture type and hinge length are associated with
construct stability and risk of progression. A type II
fracture does not necessarily indicate failure, but it
warrants close radiographic surveillance and careful
postoperative management. '

Open-wedge osteotomy can also influence tibial slope and
patellofemoral mechanics; accordingly, radiographic
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planning should incorporate the hip-knee-ankle angle,
medial proximal tibial angle, and, where indicated, the
sagittal plane profile. Systematic review evidence suggests
that such changes are generally acceptable when
correction is carefully planned and executed.!”"”

Notable strengths of this case series include a clear surgical
rationale, an implant-sparing technique, and applicability
to resource-conscious clinical settings. Procedure is
particularly relevant to younger patients in whom total
knee replacement would be premature and joint-preserving
alternative is considered. Its cost-effectiveness is a further
consideration of practical relevance in this patient
population.>$

Several limitations warrant acknowledgment. Sample size
is small and follow-up period, while sufficient to capture
early alignment, union, and complication outcomes,
remains short relative to longer-term survivorship data
reported for joint-preserving procedures. This was a
single-center, uncontrolled case series without comparator
group, and formal statistical comparison between
subgroups was not performed given limited cohort size.
Individual patient-level radiographic measurements (HKA
angle and MPTA) were not available for detailed
reporting, and the reported correction range represents an
aggregate estimate rather than patient-specific values. A
larger, prospective, comparative study with complete
radiographic and patient-reported outcome data would be
needed to validate and extend these preliminary findings.

Overall, this series describes an early clinical experience
in which the intended correction was achieved, union
occurred within the observed time frame, and no major
fixation-related failures were observed. The absence of
infection and loss of correction should be interpreted in the
context of the small, uncontrolled cohort.

CONCLUSION

Medial opening-wedge high tibial osteotomy stabilized
with a dynamic axial external fixator represents a joint-
preserving option for carefully selected patients with varus
medial compartment osteoarthritis. In this series, the
technique achieved controlled coronal plane correction,
timely radiological union, and a limited overall
complication profile, with a single lateral hinge fracture.
These findings are preliminary; larger prospective cohorts
incorporating standardized patient-reported outcome
measures, complete radiographic alignment data, and
longer-term follow-up would be required to substantiate
and extend the evidence presented here.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Coventry MB. Osteotomy of the upper portion of the
tibia for degenerative arthritis of the knee. J Bone
Joint Surg Am. 2001;83:1426.

BAUER GC, Insall J, Koshino T. Tibial osteotomy in
gonarthrosis (osteo-arthritis of the knee). JBIS.
1969;51(8):1545-63.

Insall JN, Joseph DM, Msika C. High tibial osteotomy
for varus gonarthrosis. A long-term follow-up study.
JBIS. 1984;66(7):1040-8.

Yasuda K, Majima T, Tsuchida T, Kaneda K. A ten-
to 15-year follow-up observation of high tibial
osteotomy in medial compartment osteoarthrosis. Clin
Orthop Related Res (1976-2007). 1992;282:186-95.
Loia MC, Vanni S, Rosso F, Bonasia DE, Bruzzone
M, Dettoni F, Rossi R. High tibial osteotomy in varus
knees: indications and limits. Joints. 2016;4(02):098-
110.

Murray R, Winkler PW, Shaikh HS, Musahl V. High
tibial osteotomy for varus deformity of the knee.
JAAOS Global Res Rev. 2021;5(7):e21.

Weale AE, Lee AS, MacEachern AG. High tibial
osteotomy using a dynamic axial external fixator. Clin
Orthop Rel Res. 2001;382:154-67.

Kamboj P, Kumar V, Khiyani R, Mohan L, Singh R,
Sheoran A. Comparative study of medial opening
wedge high tibial osteotomy using fixator-cum-
distractor device or locking plate in medial
unicompartmental osteoarthritis of knee. J Clin
Orthop Trauma. 2020;11:S137-41.

Bachhal V, Sankhala SS, Jindal N, Dhillon MS. High
tibial osteotomy with a dynamic axial fixator:
precision in achieving alignment. J Bone Joint Surg
Brit Volume. 2011;93(7):897-903.

Khurana D, Sankhala SS, Malik M, Shekhawat V,
Rathore DS. Comparative study of high tibial
osteotomy using dynamic axial fixator and locked
low-profile plate in medial osteoarthritis of knee.
Europ J Orthop Surg Traumatol. 2015;25(4):763-73.
d Pawar E. Functional Outcome of High Tibial
Osteotomy in Patients with Medial Compartment
Osteoarthritis Using Dynamic Axial Fixator-a
prospective study. J Clin Orthop Trauma.
2020;11:S902-8.

Asik M, Sen C, Kilic B, Goksan SB, Ciftci F, Taser
OF. High tibial osteotomy with Puddu plate for the
treatment of varus gonarthrosis. Knee Surg Sports
Traumatol Arthroscopy. 2006;14(10):948-54.
Franulic N, Muioz JT, Figueroa F, Innocenti P,
Gaggero N. Lateral hinge fracture in medial opening
wedge high tibial osteotomy: a narrative review.
EFORT Open Rev. 2023;8(7):572-80.

Kang KT, Koh YG, Lee JA, Lee JJ, Kwon SK.
Biomechanical effect of a lateral hinge fracture for a
medial opening wedge high tibial osteotomy: finite
element study. J Orthop Surg Res. 2020;15(1):63.
Saghaei Z, Salehipour S, Hashemi A. Larger lateral
hinges increase the probability of Takeuchi type I and

International Journal of Research in Orthopaedics | November-December 2026 | Vol 12 | Issue 6 Page 5



16.

17.

18.

19.

Jena A et al. Int J Res Orthop. 2026 Nov; 12(6):xxx-xxx

III fractures in high tibial osteotomy. Europ J Orthop
Surg Traumatol. 2024;34(5):2717-22.

Peez C, Deichsel A, Zderic I, Richards RG, Drenchev
L, Skulev HK, et al. Fixation of Takeuchi Type II/II
lateral hinge fractures provides favourable stability of
a medial open wedge high tibial osteotomy-A
biomechanical study. Knee Surg Sports Traumatol
Arthroscopy. 2025;33(4):1428-42.

Schréter S, Klink J, Thle C, Gueorguiev BG, Herbst
M, Maiotti M, et al. Long-term Outcomes after Medial
Open Wedge High Tibial Osteotomy—A Retrospective
Study of 69 Patients. Zeitschrift fiir Orthopéddie und
Unfallchirurgie. 2024;162(05):465-73.

Oktem U, Dastan MC, Avci H, Bulut M, Ozaltin GE,
Ocguder DA, et al. High Tibial Osteotomy Is
Associated with Improvements in Both Knee and
Ankle Alignment in Medial Compartment
Osteoarthritis. J Clin Med. 2026;15(1):315.

Wu LD, Hahne HJ, Hassenpflug J. A long-term
follow-up study of high tibial osteotomy in medial
compartment osteoarthrosis. Chinese J Surg.
2004;42(8):474-7.

20. Arai Y, Nakagawa S, Inoue A, Fujii Y, Cha R,

21.

22.

Nakamura K, et al. Long-term outcomes and
prognostic factors of medial open wedge high tibial
osteotomy for medial compartment knee osteoarthritis
or osteonecrosis. J Clin Med. 2025;14(7):2294.
Pfahler M, Lutz C, Anetzberger H, Maier M, Hausdorf
J, Pellengahr C, et al. Long-term results of high tibial
osteotomy for medial osteoarthritis of the knee. Acta
Chirurgica Belgica. 2003;103(6):603-6.

Zorzi AR, da Silva HG, Muszkat C, Marques LC,
Cliquet Jr A, de Miranda JB. Opening-wedge high
tibial osteotomy with and without bone graft.
Artificial Organs. 2011;35(3):301-7.

Cite this article as: Jena A, Naidu KP, Naik AK.
Medial opening-wedge high tibial osteotomy with
dynamic axial external fixation in varus knee

osteoarthritis: a prospective case series. Int J Res
Orthop 2026;12:xxX-XX.

International Journal of Research in Orthopaedics | November-December 2026 | Vol 12 | Issue 6  Page 6



