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Abstract: Background and Objectives: Proximal tibiofibular joint detachment (PTFJD) is a fibu-
lar untethering procedure during lateral closing-wedge high tibial osteotomy (LCWHTO)
for varus knee osteoarthritis. However, the PTFJD procedure is technically demanding,
and confirmation of clear joint separation is not straightforward. The aim of this study was
to compare the degree of completion and safety of PTFJD versus tibial-sided osteotomy
(TSO); this latter procedure is our novel technique for fibular untethering during LCWHTO.
Materials and Methods: Sixteen fresh frozen cadaver knees from eight cadavers were in-
cluded in the study. Among the eight pairs of knees, one knee was randomly assigned
to undergo PTFJD and the other knee to undergo TSO, which separates the fibula by
osteotomizing the lateral cortex of the proximal tibia at the medial side of the proximal
tibiofibular joint for fibular untethering during LCWHTO. After each procedure with
LCWHTO, the posterior compartment of each knee was dissected to compare the degree of
procedural completion and the distance from the posterior detachment or osteotomy site
to posterior neurovascular structures between PTFJD and TSO groups. The pass-through
test crossing the separation site from anterior to posterior using an osteotome was also
performed to evaluate the protective effect of the muscular structures of the posterior
compartment. Results: In the PTFJD group, four of eight cases (50%) showed fibular head
fractures rather than division of the proximal tibiofibular joint. In contrast, in all TSO cases,
the lateral cortex of the proximal tibia was clearly osteotomized from the medial side of the
posterior proximal tibiofibular joint. Distances from the posterior detachment or osteotomy
site to the common peroneal nerve, popliteal artery, and anterior tibial artery in the PTFJD
and TSO groups were 20.8 ± 3.3 mm and 22.9 ± 3.6 mm (p = 0.382), 11.0 ± 2.4 mm and
9.8 ± 2.8 mm (p = 0.382), and 14.8 ± 1.9 mm and 14.9 ± 2.5 mm (p = 0.721), respectively. In
the pass-through test, an osteotome was able to pass anteriorly to posteriorly in all eight
PTFJD group cases. However, the osteotome was blocked posteriorly by the popliteus
muscle in the TSO group cases, indicating protection of posterior neurovascular structures
during the TSO procedure. Conclusions: TSO, a novel fibular untethering procedure for
LCWHTO, resulted in clear separation of the fibula from the lateral tibial cortex, and pro-
tection of posterior neurovascular structures by the popliteus muscle during the procedure.
We anticipate that our novel surgical technique will provide more clear-cut and safer fibular
untethering for LCWHTO.

Keywords: lateral closing-wedge high tibial osteotomy; proximal tibiofibular joint; fibular
shaft osteotomy; proximal tibiofibular joint detachment; tibial-sided osteotomy
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1. Introduction
High tibial osteotomy (HTO) is a joint-preserving procedure that is widely accepted

as an effective surgical option for young patients with isolated medial compartment os-
teoarthritis (OA) in the varus knee [1]. Although medial opening-wedge high tibial os-
teotomy (MOWHTO) using a modern locking plate system has become popular [2,3], lateral
closing-wedge high tibial osteotomy (LCWHTO) has obvious benefits when a large correc-
tion is needed [4]. It has the strengths of quicker rehabilitation, better initial stability, no
need for a bone graft, and maintenance of patellar position and tibial slope [5–8]. Moreover,
better clinical outcomes have also been reported in patients following LCWHTO compared
to MOWHTO [9].

However, LCWHTO has the disadvantage that it requires a fibular untethering proce-
dure for osteotomy gap closing such as fibular shaft osteotomy (FSO) or proximal tibiofibu-
lar joint detachment (PTFJD) [10–13]. In FSO, an additional incision is required to perform
osteotomy of the fibular shaft, which can lead to non-union at the osteotomy site [14],
and there is the risk of fatality due to peroneal nerve injury [15,16]. In contrast, peroneal
nerve injury is uncommon during PTFJD [11,17]. However, confirmation of clear proximal
tibiofibular joint (PTFJ) separation is not straightforward, especially because the posterior
part is a blind spot. In normal PTFJD procedures, repeated osteotomy is performed until
PTFJ separation is confirmed.

The anatomy of the PTFJ is complex. The anterior capsule of the PTFJ is stabilized by
the anterior tibiofibular ligament, which consists of three broad bands, while the posterior
joint capsule is supported by the posterior proximal tibiofibular ligament, which consists of
two thick bands [18,19]. This complicated anatomy can cause incomplete separation of the
PTFJ during LCWHTO. In addition, although the incidence is low, popliteal neurovascular
bundle injuries have been reported after LCWHTO [20–22].

Given this uncertainty and these complications of PTFJD, our group devised an
alternative fibular untethering procedure, tibial-sided osteotomy (TSO), which separates
the fibula and tibial bone fragment from the lateral cortex of the proximal tibia nearby the
medial side of PTFJ. The purpose of this study was to compare the degree of completion
and safety of PTFJD and TSO during LCWHTO.

2. Materials and Methods
In our study, 16 knees from eight fresh cadavers (three males and five females) were

used. Mean age was 80.4 ± 9.1 years (range, 62–93 years). All knees were grossly intact
with no history of injury or surgery to the knee joint or PTFJ. Specimens were maintained in
a frozen state at −20 ◦C and allowed to thaw at room temperature for 24 h before dissection.
One knee of each cadaver was randomly assigned to the PTFJD group and the other knee
to the TSO group by simple randomization. After the designated fibular untethering
procedure, LCWHTO was performed in all knees. All surgeries were carried out by two
orthopaedic surgeons (Drs. RKC and KYC) together to reduce technical error. This study
was approved by the Institutional Cadaver Research Committee of our Institution (research
number: MC23EADI0064, IRB review date: 21 July 2023). All donors or their authorized
representatives provided written informed consent for use of the cadaver and agreed to the
utilization of related materials in the research.

All surgical techniques were performed on the cadaver identically to how they would
have been performed in a living patient. An oblique longitudinal incision was made 1 cm
below the fibular head on the anterior aspect of the knee toward the tibial tuberosity, and
an additional incision was made in the lower-leg fascia. Using a knife and a periosteal



Medicina 2025, 61, 161 3 of 10

elevator, the periosteum was dissected from below Gerdy’s tubercle to below the outer
border of the tibial tuberosity. The tibialis anterior muscle and periosteum were retracted
laterally to prevent neurovascular injury. Both PTFJD and TSO were performed at a knee
flexion angle of 90◦ to reduce the risk of peroneal nerve injury. PTFJD was carried out using
the traditional method. After retracing the tibialis anterior muscle, the anterior proximal
tibiofibular ligament (PTFL) was identified. The anterior PTFL was divided and the PTFJ
was detached using an osteotome repeatedly toward the posterior PTFL until the tibia and
fibula were separated under the image intensifier (Figure 1A). For TSO, a Kirschner wire
was inserted at a position 5 mm medially from the lateral cortex of the proximal tibia near
the PTFJ. After creating a chevron-shaped saw pattern in the anterior tibial cortex along the
inserted Kirschner wire, osteotomy to the posterior tibial cortex was commenced using an
osteotome (Figure 1B). The TSO procedure was completed after confirming that the thin
lateral tibial bone fragment that attached to the PTFJ was separated from the tibia under
the image intensifier.
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Figure 1. (A) Proximal tibiofibular joint detachment and (B) tibial-sided osteotomy. The red lines
indicate the sites of fibular untethering following each of the two procedures.

Regardless of the PTFJ separation method, LCWHTO was performed in the same
manner with the knee in extension. All LCWHTOs were fixed using a TOMOFIXTM Lateral
High Tibia Plate (DePuy Synthes, Zuchwil, Switzerland). The correction angle goal was
set to 10◦ regardless of the varus deformity of the cadaver. After checking the position of
the plate where four screws each could be fixed proximally and distally, two anterior and
posterior Kirschner wires were inserted toward the medial target point (20 mm distally
to the proximal medial tibial joint surface) parallel to the tibial plateau. Subsequently,
two additional anterior and posterior Kirschner wires were inserted 10 mm below the
previously inserted Kirschner wires. A biplanar osteotomy, which consisted of a tibial
tubercle osteotomy and upper and lower tibial osteotomies, was performed using a saw
and chisels. After removing the bone fragment, valgus force was applied to close the gap
between the upper and lower tibial cut surfaces. While applying valgus force to maintain
the contact, eight screws were fixed.

To compare the degree of completion of each procedure, anatomic dissection of the
posterior compartment of the knee was performed. Skin and subcutaneous tissue were
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dissected through an inverted L-shaped incision, exposing the underlying popliteal fossa.
Lateral posterior structures were dissected to find the PTFJ and common peroneal nerve
in its location beneath the biceps femoris. After laterally retracting the common peroneal
nerve, the origin of the lateral head of the gastrocnemius was identified and sacrificed to
provide broad exposure of the deep structures on the lateral aspect of the posterior joint,
including the arcuate ligament and popliteus muscle. After retracting the popliteus muscle,
the degree of procedure completion could be assessed. The objective was clear detachment
of the posterior PTFJ in the PTFJD group or clear separation of the bone fragment from the
posterolateral cortex of the tibia in the TSO group.

The safety of each procedure was evaluated by measuring the positional relationship
between the detachment or osteotomy site and posterior neurovascular structures of the
knee in millimeters using a surgical ruler. In the PTFJD and TSO groups, the actual posterior
detachment or osteotomy site served as the reference point for measuring distances to
posterior neurovascular structures. Distances from each reference point to the common
peroneal nerve, popliteal artery, and anterior tibia artery were measured.

The pass-through test was performed to identify the protective effect of the popli-
teus muscle in each procedure. An osteotome was passed through the detachment or
osteotomy site anteriorly to posteriorly to evaluate whether the osteotome was stopped by
the popliteus muscle or not.

Statistical Analyses

All calculated data are shown as means with standard deviations using the SPSS
statistical software (SPSS 28; SPSS Inc., Chicago, IL, USA). Chi-square and Fisher’s exact
test were used to determine the significance of differences in categorical or dichotomized
data between groups, while t-tests and Mann–Whitney U tests were used to determine the
significance of differences in continuous variables between groups. Statistical significance
was accepted at p < 0.05 for all analyses.

3. Results
PTFJD and TSO with LCWHTO were completed without incomplete closing in all

knees. The degree of completion of each procedure was investigated by anatomic dissection
of the posterior compartment of the knee. In the PTFJD group, the posterior PTFJ was clearly
separated in 50% of cases (Figure 2A). However, in the remaining four cases, a fibular head
fracture was observed after PTFJD rather than the intended PTFJ separation (Figure 2B).
In contrast, posterior osteotomy was consistently observed at the posterolateral cortex
of the tibia in all eight cases (100%) (Figure 3). In other words, the degree of procedural
completion was more reliable in the TSO group (100%) than in the PTFJD group (50%)
(p = 0.21). Including four fibular head fracture cases, a total of five cases showed articular
surface injury of the fibular head in the PTFJD group (62.5%). However, the PTFJ was intact
in all TSO cases (100%) (p = 0.007).

Table 1 shows the average distances from the posterior detachment or osteotomy site
to the common peroneal nerve, popliteal artery, and anterior tibial artery. Distances in
the PTFJD group from the posterior detachment site to the common peroneal nerve and
anterior tibial artery tended to be smaller, but without statistical significance (p = 0.382 and
p = 0.721, respectively). Conversely, the popliteus artery was closer to the osteotomy site in
the TSO group, again without statistical significance (p = 0.382).



Medicina 2025, 61, 161 5 of 10Medicina 2025, 61, x FOR PEER REVIEW 5 of 11 
 

 

  
(A) (B) 

Figure 2. (A) Posterior aspect of a knee after PTFJD showing clear separation of the PTFJ. (B) A 
fibular head fracture case involving articular cartilage after PTFJD. 

 

Figure 3. Posterior aspect of a knee showing separation of fibula with tibial bone fragment after 
TSO. 

Table 1 shows the average distances from the posterior detachment or osteotomy site 
to the common peroneal nerve, popliteal artery, and anterior tibial artery. Distances in the 
PTFJD group from the posterior detachment site to the common peroneal nerve and ante-
rior tibial artery tended to be smaller, but without statistical significance (p = 0.382 and p 
= 0.721, respectively). Conversely, the popliteus artery was closer to the osteotomy site in 
the TSO group, again without statistical significance (p = 0.382). 

  

Figure 2. (A) Posterior aspect of a knee after PTFJD showing clear separation of the PTFJ. (B) A
fibular head fracture case involving articular cartilage after PTFJD.

Medicina 2025, 61, x FOR PEER REVIEW 5 of 11 
 

 

  
(A) (B) 

Figure 2. (A) Posterior aspect of a knee after PTFJD showing clear separation of the PTFJ. (B) A 
fibular head fracture case involving articular cartilage after PTFJD. 

 

Figure 3. Posterior aspect of a knee showing separation of fibula with tibial bone fragment after 
TSO. 

Table 1 shows the average distances from the posterior detachment or osteotomy site 
to the common peroneal nerve, popliteal artery, and anterior tibial artery. Distances in the 
PTFJD group from the posterior detachment site to the common peroneal nerve and ante-
rior tibial artery tended to be smaller, but without statistical significance (p = 0.382 and p 
= 0.721, respectively). Conversely, the popliteus artery was closer to the osteotomy site in 
the TSO group, again without statistical significance (p = 0.382). 

  

Figure 3. Posterior aspect of a knee showing separation of fibula with tibial bone fragment after TSO.

Table 1. Distances to posterolateral neurovascular structures from the posterior detachment or
osteotomy site after PTFJD and TSO.

PTFJ Detachment
(n = 8)

Tibia-Sided
Osteotomy (n = 8) p-Value

Distance to common peroneal nerve
(mm) 20.8 ± 3.3 22.9 ± 3.6 0.382

Distance to popliteus artery (mm) 11.0 ± 2.4 9.8 ± 2.8 0.382

Distance to anterior tibial artery
(mm) 14.8 ± 1.9 14.9 ± 2.5 0.721

PTFJD: proximal tibiofibular joint detachment. PTFJ: proximal tibiofibular joint. PTFL: proximal tibiofibular
ligament. TSO: tibial-side osteotomy.
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The popliteus muscle covers the posterior aspect of the tibia but does not extend to
cover the posterior PTFJ. Substantial differences between the two surgical techniques were
uncovered. In the case of PTFJD, because of the absence of popliteus muscle coverage of the
posterior PTFJ, an osteotome passed through the PTFJ without popliteus muscle protection
in all eight cases. In contrast, the osteotome was blocked by the popliteus muscle while
passing the osteotomy site in all eight cases, indicating that the popliteus muscle plays a
crucial role protecting posterior neurovascular structures during TSO, a fibular untethering
procedure (Figure 4).
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4. Discussion
As mentioned in the introduction, HTO has been considered an effective surgical op-

tion for patients with medial knee osteoarthritis (OA) with varus deformity [1]. Moreover,
numerous studies report high levels of patient satisfaction and excellent clinical outcomes
following HTO [23], with significant advancements continuously being made in the tech-
nique. Recently, HTO has increasingly been performed in combination with various carti-
lage procedures, such as microfracture [24], bone marrow aspirate concentrate (BMAC) [25],
human umbilical cord blood-derived mesenchymal stem cells (hUCB-MSC) [26], and colla-
gen augmentation [27]. When HTO is combined with cartilage procedures, second-look
arthroscopy often reveals cartilage regeneration, accompanied by excellent clinical out-
comes [28]. Takeuchi et al. [29] introduced a new hybrid closing HTO to complement
the shortcomings of traditional LCWHTO, and fibular untethering is also required in this
technique. The TSO procedure introduced in this study is expected to perform fibular
untethering more precisely and safely.

The most important finding of this study is that our novel surgical technique, namely
TSO, allowed for the procedural completion of fibular untethering by preserving the PTFJ.
In our conventional PTFJD procedure, there was articular surface damage of the fibular
head in 62.5% of cases. In addition, the TSO procedure was safer than PTFJD because of
the protective effect of the popliteus muscle, as the separation point is more medial than in
the PTFJD procedure.
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Peroneal nerve dysfunction is a serious complication that can occur after LCWHTO [30,31],
with reported rates of symptomatic peroneal nerve injury ranging between 3.3 and
20% [16,30]. While unlikely, there exists the possibility of peroneal nerve damage if the
osteotomy is conducted with bias toward the fibula. The average distance from the division
site of the common peroneal nerve into the superficial peroneal nerve and deep peroneal
nerve to the posterolateral tip of the fibular head has been reported to be 20.7 mm [32].
Although the reference points were different in the study discussed above compared to our
study, we observed that the distance from the posterior osteotomized site to the common
peroneal nerve was similar in both the PTFJD and TSO groups. The distances mentioned
above suggest a potential risk if PTFJD is performed biased toward the fibula. However,
TSO has the advantage of reducing the possibility of peroneal nerve damage compared to
PTFJD, as the osteotomy is directed toward the tibia. Although we did not find a statistically
significant difference between the two groups due to our limited sample size given that
this was a cadaveric study, the distance from the common peroneal nerve was numerically
greater in the TSO group than in the PTFJD group. Therefore, additional research with a
larger sample size is needed to determine if this difference is meaningful.

As mentioned above, LCWHTO is a useful surgical treatment to correct isolated medial
OA with varus knee requiring large correction [4]. However, this procedure can result
in injury of the popliteal neurovascular bundle, with reported rates of injury around the
popliteal artery of between 0.4% and 9.8% [30,33]. Ricardo et al. reported a case of popliteal
artery injury after LCWHTO leading to secondary neurological injury [20]. Although
popliteal neurovascular injury is rare, this complication can be catastrophic. In our study,
the TSO group was closer to the popliteal artery than the PTFJD group; this is likely because
the posterior osteotomy site of the tibia was positioned more medially. As shown in the
pass-through test results of this study, the popliteus muscle had a protective effect in the
TSO procedure. Therefore, we believe that there are no safety concerns when performing
TSO if the posterior osteotomy site of the tibia is located medially.

The anterior tibial artery, one of the terminal branches of the popliteal artery, is
vulnerable during LCWHTO. Injury of the anterior tibial artery may occur when performing
PTFJD using an osteotome. In fact, one study [22] reported a pseudoaneurysm due to
anterior tibial arterial injury after LCWHTO. As mentioned in the previous paragraph,
PTFJD can cause damage to the fibular head rather than achieving precise division of
the PTFJ. Furthermore, even if a surgeon precisely separates the PTFJ, the risk of anterior
tibial arterial injury may be increased. In our study, we found no significant difference
in distance to the anterior tibial artery between the TSO and PTFJD groups. However,
using our new technique, the probability of anterior tibial arterial injury was significantly
reduced due to the protective effect of the popliteus muscle. To the best of our knowledge,
although many surgeons have performed FSO or PTFJD in LCWHTO, no previous study
has systematically evaluated the role of the popliteus muscle. Elucidation of the protective
effect of the popliteus muscle would hopefully allow for safer PTFJ manipulation when
performing LCWHTO.

PTFJ has been called the fourth compartment of the knee joint [17,20,34]. Although
it is a small joint, if there is a pathologic lesion, it can cause lateral knee pain. In fact,
Murat et al. reported that PTFJ pathologies result in lateral knee pain [35,36]. The case
report of Enrique et al. stated that injury of the PTFJ caused unexplained lateral knee pain
after LCWHTO [37]. On bone SPECT CT to detect arthritic changes, “hot” uptake by the
PTFJ was noted along with iatrogenic perforation of the screw; osteoarthritis subsequently
developed. This suggests that injury of the PTFJ, including PTFJ articular cartilage, can
progress to osteoarthritis. There were no cases of PTFJ injury, including the cartilage,
after TSO. Conversely, PTFJ cartilage injury was identified in five of eight knees (62.5%)
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after PTFJD (p = 0.007). In other words, by performing osteotomy biased toward the tibia
without causing injury to the PTFJ, TSO is likely to be associated with a lower likelihood of
experiencing lateral knee pain due to PTFJ injury after LCWHTO than PTFJD.

The two representative methods of proximal tibial osteotomy are MOWHTO and
LCWHTO. Many studies have reported that there is no significant difference between the
two techniques in terms of clinical outcomes or radiographic alignment [38]. As mentioned
in the introduction, with the development of the locking plate system, many surgeons are
preferring MOWHTO because it is relatively easier to perform than LCWHTO [2,3], and it
has several advantages [5]. However, although MOWHTO has many merits and LCWHTO
is technically challenging, it is crucial to carefully select the appropriate osteotomy based on
the specific condition of the patient. For example, if the correction angle is large, MOWHTO
may result in a leg length longer than that of the contralateral limb [4], making LCWHTO a
more suitable option. In the case of MOWHTO, patella baja may occur [39], and rotational
changes can lead to anterior knee pain. Therefore, LCWHTO may be more advantageous
for patients with patellofemoral arthritis [40]. Additionally, the choice between the two
techniques should be guided by the presence or absence of ACL or PCL deficiency [41],
ensuring appropriate selection for each patient. To achieve optimal clinical outcomes, the
selection between the two surgical methods should be tailored to the patient’s specific
condition. Therefore, our new surgical technique can be appropriately utilized when
LCWHTO is required in the situations mentioned above.

This study had several limitations, mainly due to our utilization of a cadaveric model.
First, the preparation of each specimen may not have precisely replicated natural knee
conditions. Second, only cadavers of Korean origin were utilized. Hence, there is the
potential for ethnic selection bias in the data. Third, the majority of specimens did not
represent knees with isolated medial compartment osteoarthritis requiring more than
10 degrees of correction. Fourth, the number of cadaver samples was relatively small. Fifth,
as the correction angle of 10 degrees was uniformly applied to all cadavers, the correction
was not individualized to the unique characteristics of each cadaver’s knee joint; thus,
diversity was not adequately taken into account.

5. Conclusions
We demonstrated that our innovative surgical technique, TSO, which involves tibia-

biased osteotomy during PTFJ manipulation in LCWHTO, is a more precise and safer
procedure than conventional PTFJD. We attribute this not only to the tibia-biased osteotomy,
which enhances the efficacy of procedural completion and diminishes the likelihood of com-
mon peroneal nerve damage, but also to the protective effect of the popliteus muscle, which
safeguards the posterior neurovascular structures. TSO offers a more precise and safer
approach to manipulating the PTFJ during fibular untethering in LCWHTO than PTFJD.
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