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Do Different Tibial Osteotomy Techniques Affect
Sagittal Alignment in Children with Blount Disease?
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Objective: To determine the radiographic outcomes following dome or wedge-shaped proximal tibial osteotomy in the
management of infantile Blount disease with a particular interest in sagittal alignment of the knee joint.

Method: Medical records of patients with Langenskiöld stage 2 Blount disease (aged ≤5 years) who underwent surgi-
cal correction between January 2005 and November 2019 were retrospectively identified. Patients with metabolic
bone disease, bone tumors, prior traumatic fractures, congenital anomalies, inadequate plain films, and incomplete
medical documents were excluded. Patient characteristics (e.g. age, gender, and body mass index [BMI]) and surgical
characteristics (e.g. side, type of surgery, and follow-up times) were recorded. Antero–posterior (AP) and lateral knee
radiographs were analyzed. Data were categorized by surgical technique as dome-shaped proximal tibial osteotomy or
wedge-shaped proximal tibial osteotomy. The femorotibial angle (FTA) was used to evaluate the correction angle in
varus deformities. Sagittal alignment of the lower limbs using the posterior tibial slope (PTS) angle was measured
postoperatively at 3, 6, 12, and 24 months, and at the final follow-up visit.

Results: The present study included 72 surgeries of 46 patients who had undergone proximal tibial osteotomy. Twenty-
nine (63%) were male. The mean age of patients at the time of surgery was 34.50 months (range, 26–47). The mean
weight was 23.11 � 4.98 kg (mean � SD); the mean height was 95.33 � 6.36 cm, and the mean BMI was
25.32 � 4.36 kg/m2. The mean duration of follow up was 4.77 � 2.78 years. Sixty-four patients (88.90%) received
dome-shaped proximal osteotomy of the tibia, while 8 (11.10%) received wedge-shaped proximal osteotomy of the tibia.
The average FTA of the total correction measured was 29.32� � 7.98�. The demographic data of the two groups were not
significantly different for gender, age, BMI, side follow-up times, and the total correction of varus deformities. In the dome-
shaped osteotomy group, the mean correction of the FTA was 29.59� � 7.45�. The mean degree of the PTS angle was
6.50� at 3 months, 6.38� at 6 months, 5.32� at 12 months, 5.17� at 24 months, and 5.53� at the final follow-up visit. In
the wedge-shaped proximal tibial osteotomy group, the mean correction of the FTA was 27.25� � 11.77�. The PTS was
6.00� at 3 months, 7.50� at 6 months, 7.00� at 12 months, 5.40� at 24 months, and 5.57� at the final follow-up visit. No
significant difference was observed in the radiological outcome between surgical techniques.

Conclusion: Dome and wedge-shaped proximal tibial osteotomies did not demonstrate significant differences in the
PTS angle in children with Blount disease.
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Introduction

Blount disease is a disorder of growth and development
of the posteromedial proximal tibia causing 3D varus

deformity1,2. Proximal tibial varus and internal tibial torsion

are also common manifestations. Clinical features that often
present include bowing of the leg and lateral thrust gait. The
pathophysiological mechanisms are unclear. It is more fre-
quently observed in obese infants and in black ethnic
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groups3–5. Gushue et al. described the adaptation of muscu-
loskeletal around the knee to provide stability in overweight
children6. The recent published literature has classified the
disease into infantile or early-onset (0–10 years) and adoles-
cent or late-onset (>10 years)3. The Langenskiöld classifica-
tion system has been widely used to stage the severity of
infantile Blount disease.

The inter-observer and intra-observer reliability of the
classification system was assessed among residents, surgeons,
and pediatric orthopaedic surgeons by Erkus et al.7. The
results indicated excellent agreement and were not
influenced by the level of experience. Moreover, the classifi-
cation can be a predictive factor for recurrence of the defor-
mity and early osteoarthritis8. Antero–posterior (AP) and
lateral knee radiographs are obtained to assess and categorize
the severity of disease. When diagnosis has been delayed, CT
and MRI should be used to evaluate physeal bar formation9.
If the patients are older than 4 years, the pathology becomes
more aggressive; MRI would be an imaging option. However,
the data on whether MRI is useful as the prognostic value
have not been labeled3. Long-term varus malalignment can
result in osteoarthritis of the knee10.

Treatments include conservative and surgical manage-
ment. Braces are recommended in patients younger than 3 years
with stage 2 Langenskiöld3,11. Even if the age of the patients is less
than 4 years, osteotomy would be recommended, particularly in
obese children3. Surgical intervention becomes necessary if con-
servative treatment is not able to achieve an anatomical align-
ment or the degree of varus has continuously progressed3,12.
Surgical correction should begin early to decrease the recurrence
of deformity, particularly in children >4 years of age13,14.

A study published by Janoyer on patients with Blount
disease showed the high recurrence rate after osteotomy asso-
ciated with age older than 4 years and physeal bar formation3.
Stage 3 Langenskiöd or bilateral involvement has been associ-
ated with a greater risk of the recurrence of deformities14,15.
Approximately 80% of surgeries were successful in children
under the age of 4 years3. Age and race (black vs not black)
were not associated with mortality.

Montgomery et al. retrospectively studied the relation
between vitamin D level and risk of Blount disease in obese
patients. Patients who had serum 25-hydroxyvitamin D
levels <16 ng/mL were considered vitamin D-deficient and
those with levels > 16 ng/mL were not. They found that fac-
tors associated with the disease were body mass index (OR,
1.03; 95% CI, 1.01–1.06; P = 0.01), vitamin D levels (OR,
7.33; 95% CI, 2.09–25.54; P = 0.002), and gender (OR, 8.16;
95% CI, 1.74–38.37; P = 0.01)16.

Radiographic parameters measuring alignment, includ-
ing femorotibial angle (FTA), metaphyseal diaphyseal angle
(MDA), deformity angle (DA), medial and posterior proxi-
mal tibial angle (MPTA/PPTA), and mechanical axis devia-
tion (MAD), are used to evaluate surgical outcomes. Several
operative techniques are available to manage Blount disease.

The techniques included dome-shaped osteotomy, open-
wedge osteotomy, closed-wedge osteotomy, and spiked-

osteotomy, which were mostly selected based on surgeon prefer-
ence. Many surgical techniques have been reported for treatment
of Blount disease, including a single-stage double osteotomy17,
step cut “V” osteotomy18, fibulectomy with Z osteotomy19, and
hemiepiphysiodesis20. The multiaxial correction system (MAC)
external fixator has also been proposed to reduce the number of
intraoperative and postoperative complications21. The patients
who were operated on with MAC showed similar results for
radiographic parameters and adverse events after surgery com-
pared to other external fixators21,22. Cherkashin et al. developed
a complication classification system for severe Blount disease
treated with circular external fixation and gradual deformity cor-
rection based on clinical and radiographic outcomes of surgery.
They concluded that 88% of patients reached their treatment
goals by using the classification scheme23.

The recent systematic study of temporary hem-
iepiphysiodesis and their complications were reviewed. The
varied outcomes were noted for different subtypes of Blount
disease. Eight-Plate guided growth should be considered the
first choice of treatment. Osteotomy might be considered
when hemiepiphysiodesis fails20. However, Oto et al. did not
support surgery in obese patients with severe adolescent
Blount disease24. Postoperative complications of surgery
include vascular complications, focal nerve palsies, loss of
alignment, wound infection, compartment syndromes, and
posterior angulation at the osteotomy site25,26. The disease
can cause social and psychological problems, including diffi-
culty with education, social discrimination, low self-esteem,
and stress both for patients and their family. Few studies
have reported on the effect of osteotomy techniques on sagit-
tal alignment27–29. The purpose of the present study is to
evaluate the radiographic outcomes of dome or wedge-
shaped proximal tibial osteotomy, with a particular focus on
sagittal alignment of the knee joint.

Materials and Methods

General Information
The medical records of patients with Langenskiöld stage
2 Blount disease diagnosed between January 2005 and
November 2019 were retrospectively analyzed. The inclusion
criteria were: (i) patient aged under 5 years; (ii) Langenskiöld
stage 2; (iii) proximal tibial osteotomy had been performed;
(iv) two pediatric orthopaedic surgeons (P.M. and P.E) per-
formed all surgeries; and (v) AP and lateral knee radiographs
were obtained preoperatively and postoperatively. The exclu-
sion criteria were: (i) patients who had underlying factors
that might affect bone quality, such as metabolic bone dis-
ease, thalassemia, bone tumors, prior traumatic fractures, or
congenital anomalies; and (ii) patients who were lost to fol-
low up or for whom there were inadequate plain films and
incomplete medical documents.

The patients were divided into two groups: group
1 included patients who underwent dome-shaped proximal
tibial osteotomy and group 2 included those who underwent
wedge-shaped tibial osteotomy.
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Patient characteristics (e.g. age, gender, and body mass
index [BMI]), and surgical characteristics (e.g. side, type of
surgery, and follow-up times) were recorded. AP and lateral
knee radiographs were evaluated. The FTA was preoperatively
calculated to identify the total degree of valgus correction. Sag-
ittal alignment of the knee using the PTS was retrospectively
evaluated 3, 6, 12, and 24 months after surgery, and during the
final follow-up visit. The data were categorized into wedge-
shaped and dome-shaped groups. The authors performed all
measurements (Figs. 2 and 3).

Measurement

Femorotibial Angle
The FTA, an important parameter in the coronal alignment of
the knee joint, is used to detect a varus or valgus deformity.
The FTA is defined as the angle between the femoral

longitudinal axis and the tibial longitudinal axis30. In Fig 1A,
the anatomical axis of the femur is calculated from the center
of the femoral diaphysis 10 cm proximal to the joint line, and
the center of the femoral metaphysis 4 cm proximal to the joint
line (a). The anatomical axis of the tibia was established using
the center of the tibial metaphysis 4 cm distal to the joint line
and the center of the tibial metaphysis 4 cm distal to the joint
line. (b) The FTA was used to identify varus and valgus
malalignment.

Posterior Tibial Slope
The PTS is used to evaluate outcomes of knee joint surgery, par-
ticularly in adults. The angle was defined as the angle between a
line perpendicular to an anatomical longitudinal axis of the tibia
(a) and a line drawn tangential to the tibial plateau (b)31. The
anatomical axis of the tibia was determined by a line passing
through the midpoints of two transverse lines across the tibia (c).
The proximal line was drawn just below the anterior tibial tuber-
cle and the distal line was created 10 cm below the proximal line
(Fig. 1B). Themean PTS angle is 6�–14� in a normal knee.

Statistical Analysis
Differences in age, BMI, follow-up time, total degree of valgus
correction, and the postoperative slope of the tibial plateau in
dome and wedge-shaped osteotomies were calculated by Mann–
Whitney U-test and Student t-test. The χ2-test was applied to
compare gender and side between the groups. SPSS software (ver-
sion 18; SPSS, Chicago, IL, USA) was used for statistical analysis.
A P-value less than 0.05 was set as statistically significant.

Results

A total of 72 surgeries in 46 patients with Blount disease
were identified; 29 patients (63%) were male (Table 1).

The mean age at surgery was 34.50 months (range, 26–47).
The mean weight was 23.11 � 4.98 kg (mean � SD); the
mean height was 95.33 � 6.36 cm, and the mean BMI was
25.32 � 4.36 kg/m2. The mean postoperative FTA correction
was 29.32� � 7.98�. The mean duration of follow-up was
4.77 � 2.78 years. A total of 64 (89%) cases underwent
dome-shaped and 8 (11%) had wedge-shaped osteotomy.

A B

Fig. 1 (A) The femorotibial angle is obtained on the antero–posterior

radiograph by measuring the angle between the longitudinal axis of the

femoral shaft (a, dotted line) and the longitudinal axis of the tibial shaft

(b, solid line). (B) The posterior tibial slope is obtained on the lateral

knee radiograph by measuring the angle between an axis drawn

perpendicular to the anatomical axis of the tibia (a) and a line parallel

to the tibial plateau (b).

A B C

Fig. 2 (A) Antero–posterior preoperative

radiograph of the knee. The figure shows

the radiograph of the patient with a varus

deformity. The femorotibial angle of the

patient with a varus deformity measured

20�. (B, C) Lateral postoperative
radiographs of the knee. The figure shows

the radiographs of the patient following

dome-shaped proximal tibial osteotomy.

The posterior tibial slope angle at 12 and

24 months after surgery measured 2� and
8�, respectively.
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There were no significant differences between groups in
terms of gender, age, BMI, side, follow-up time, and total
correction of varus deformities (Table 2).

Dome-Shaped Proximal Tibial Osteotomy
The mean age of patients undertaking dome-shaped osteo-
tomy was 34.23 months (range, 26–47). The mean weight
was 22.53 � 5.16 kg, the mean height was 94.67 � 6.11 cm,
and the mean BMI was 25.44 � 4.38 kg/m2. The mean cor-
rection of FTA was 29.59� � 7.45�. The mean duration of
follow up was 4.96 � 2.87 years (Table 2). The mean PTS
angle was 6.50� at 3 months, 6.38� at 6 months, 5.32� at
12 months, 5.17� at 24 months, and 5.53� at the last follow-
up visit (Table 3).

Wedge-Shaped Proximal Tibial Osteotomy
The mean age of patients in the wedge-shaped osteotomy
group was 33.33 months (range, 28–45). The mean weight
was 24.02 � 3.46 kg, the mean height was 98.83 � 7.11 cm,
and the mean BMI was 24.22 � 4.42 kg/m2. The mean cor-
rection of the FTA was 27.25� � 11.77�. The mean duration
of follow up was 3.38 � 1.30 years (Table 2). The mean PTS
angle was 6.00� at 3 months; 7.50� at 6 months, 7.00� at
12 months, 5.40� at 24 months, and 5.57� at the last follow-
up visit. There is a discrepancy in the number of cases
between each follow-up period because the films were inade-
quate or unavailable in some cases. There was no statistically
significant difference in tibial slope between the two groups
at any measured time interval (Table 3).

A B C

Fig. 3 (A) Antero–posterior preoperative

radiograph of the knee. The figure shows

the radiograph of the patient with a varus

deformity. The femorotibial angle of the

patient with varus deformity measured

15�. (B, C) Lateral postoperative
radiographs of the knee. The figure shows

the radiographs of the patient following

wedge-shaped proximal tibial osteotomy.

The posterior tibial slope angle at 12 and

24 months after surgery measured 8� and
9�, respectively.

TABLE 1 Demographic data and characteristics of patients
with Blount disease

Demographics Value

Surgical techniques (cases [%])
Dome-shaped osteotomy
Wedge-shaped osteotomy

64 (88.90)
8 (11.10)

Gender (cases [%])
29 (63.00)
17 (37.00)

Male
Female

Age (months, [mean � SD, range]) 34.50 � 5.40 (26–47)
Weight (kg, [mean � SD, range]) 23.11 � 4.98 (13–36)
Height (cm, [mean � SD, range]) 95.33 � 6.36 (81–109)
BMI (kg/m2, [mean � SD, range]) 25.32 � 4.36

(17.25–35.61)
Laterality (cases [%])
Left
Right

38 (52.80)
34 (47.20)

Follow-up time (years, [mean � SD,
range])

4.77 � 2.78 (0.25–12.00)

Valgus correction (�, [mean � SD,
range])

29.32 � 7.98 (11–49)

TABLE 2 Comparison of demographic data and characteristics of dome and wedge-shaped osteotomy group

Demographics Dome Wedge P-value

Gender (cases (%))
Male 26 (65.00) 3 (50.00) 0.66
Female 14 (35.00) 3 (50.00)

Age (months, [mean � SD, range]) 34.23 � 4.93 (26–47) 33.33 � 6.28 (28–45) 0.41
Weight (kg, [mean � SD, range]) 22.53 � 5.16 (13–36) 24.02 � 3.46 (20.50–30.00) 0.69
Height (cm, [mean � SD, range]) 94.67 � 6.11 (81–107) 98.83 � 7.11 (91–109) 0.50
Body mass index (kg/m2, [mean � SD, range]) 25.44 � 4.38 (18.21–35.61) 24.22 � 4.42 (17.25–30.61) 0.14
Laterality (cases (%))
Left 34 (53.10) 4 (50.00) 1.00
Right 30 (46.90) 4 (50.00)

Follow-up time (years, [mean � SD, range]) 4.96 � 2.87 (0.25–12.00) 3.38 � 1.30 (1–5) 0.13
Valgus correction (�, [mean � SD, range]) 29.59 � 7.45 (14–49) 27.25 � 11.77 (11–43) 0.60
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Discussion

Several operative techniques are available to manage
Blount disease. The techniques include dome-shaped

osteotomy, open-wedge osteotomy, closed-wedge osteotomy,
and spiked-osteotomy, which were mostly selected based on
surgeon preference. Age more than 3 years at first visit and
the presence of severe deformity may predispose patients to
treatment failure. Postoperative complications include focal
nerve palsies and compartment syndrome25,26. The purpose
of this study was to determine the radiographic outcomes
following dome or wedge-shaped proximal tibial osteotomy
in the management of infantile Blount disease, with a partic-
ular focus on sagittal alignment of the knee joint.

Surgical Outcomes of Dome versus Wedge-shaped
Proximal Tibial Osteotomy
Kaewpornsawan et al. retrospectively reviewed children with
infantile Blount disease who underwent dome-shaped osteo-
tomy with surgical fixation pins and concluded that early surgi-
cal intervention was beneficial32. Recurrence of deformities has
been reported following dome-shaped osteotomy. However,
overcorrection into valgus alignment does not appear to reduce
the recurrence of varus deformity9. Studies of wedge tibial osteo-
tomy have reported impressive outcomes with few complica-
tions and good alignment restoration33,34. Various parameters
are used to evaluate the effectiveness of surgery for Blount dis-
ease. These include the deformity angle (DA), the femorotibial
angle (FTA), the medial and posterior proximal tibial angle
(MPTA/PPTA), mechanical axis deviation (MAD)9,35–39, and
the metaphyseal–diaphyseal angle (MDA)18,38,39. Feldman et al.
promoted gradual tibial deformity correction because they
found an increased PPTA in patients with acute correction38.
Jones et al. reported that a postoperative MAD range of −5� to
+5� has been associated with patient satisfaction and could be
useful for planning surgery39.

Effect of Varus Correction on Posterior Tibial Slope
Angle
Our objective was to identify whether the correction of coronal
plane deformities led to sagittal malalignment. The radio-
graphic technique of interest was PTS. Several studies report
changes in multiple axis deviation of the knee after high tibial
osteotomy, but there is little research on change in the PTS
after proximal tibial osteotomy in a pediatric population34.
This might because of the difficulty in measuring unossified

bone in premature skeletons. The mean PTS angle is 6�–14� in
a normal knee and does not vary with age or gender, but most
studies have been conducted in skeletally mature patients40–43.
We observed a slightly decreasing PTS angle over the follow-
up period. No significant differences in PTS were detected
between the two groups. We observed a slight decrease in PTS
angles at the final follow-up, with mean PTS of 5.53� for dome
and 5.57� for wedge osteotomy.

Two published meta-analyses have reported an
increase in the tibial slope following open-wedge high tibial
osteotomy (HTO). Nha et al. reviewed the published litera-
ture to determine the effects of open and closed wedge HTO
on the sagittal profile of the knee. Patients that received the
open technique showed a mean increase of PTS compared to
other groups44. Wu et al. reported similar findings and
suggested that slope alteration can be explained by the ana-
tomic geometry of the proximal tibia27. Increasing valgus
correction was correlated with increased slope degree after
dome and wedge-shaped osteotomy but was not correlated
with the degree of varus deformities preoperatively28,29. In
contrast, Mozella et al. found no alteration in sagittal align-
ment of the knee following medial-opening tibial osteo-
tomy45. However, all of these reports were conducted in
older age groups compared to our study.

Limitations
Our study had some limitations. First, the wedge-shaped
group sample was small compared with the dome osteotomy
group. Second, the study was a retrospective review and sam-
ple selection was not random. Third, some of the X-rays
could not be evaluated because most of the patients were
younger than 30 months had round ossification centers.

Conclusion
In our study, dome and wedge-shaped proximal tibial
osteotomies did not show significant differences in PTS
change after 24 months of follow-up.
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TABLE 3 Postoperative posterior tibial slope (PTS) angle of dome and wedge-shaped tibial osteotomy at 3, 6, 12, and 24 months and the
final follow-up visits (mean � SD)

Follow-up time (months) Dome Wedge Total P-value

3 6.50 � 3.08 (n = 6) 6.00 � 2.31 (n = 4) 6.30 � 2.67(n = 10) 0.66
6 6.38 � 2.88 (n = 8) 7.50 � 0.71 (n = 2) 6.60 � 2.59 (n = 10) 0.79
12 5.32 � 3.97 (n = 22) 7.00 � 4.36 (n = 3) 5.52 � 3.96 (n = 25) 0.40
24 5.17 � 3.27 (n = 30) 5.40 � 1.67 (n = 5) 5.20 � 3.08 (n = 35) 1.00
Last follow-up 5.53 � 2.83 (n = 53) 5.57 � 2.30 (n = 7) 5.53 � 2.75 (n = 60) 0.97

774
ORTHOPAEDIC SURGERY

VOLUME 12 • NUMBER 3 • JUNE, 2020
TIBIAL OSTEOTOMY AND SAGITTAL ALIGNMENT



References
1. Blount WP. Tibia vara: osteochondris deformans tibiae. J Bone Joint Surg,
1937, 19: 1–29.
2. Sabharwal S, Lee J Jr, Zhao C. Multiplanar deformity analysis of untreated
Blount disease. J Pediatr Orthop, 2007, 27: 260–265.
3. Janoyer M. Blount disease. Orthop Traumatol Surg Res, 2019, 105:
S111–S121.
4. Bathfield CA, Beighton PH. Blount disease. A review of etiological factors in
110 patients. Clin Orthop Relat Res, 1978, 135: 29–33.
5. Laoharojanaphand T, Ariyawatkul T, Kaewpornsawan K, Chotigavanichaya C,
Wongcharoenwatana J, Eamsobhana P. Medial metaphyseal slope as a predictor
of recurrence in Blount disease. Orthop Surg, 2019, 11: 474–480.
6. Gushue DL, Houck J, Lerner AL. Effects of childhood obesity on three-
dimensional knee joint biomechanics during walking. J Pediatr Orthop, 2005, 25:
763–768.
7. Erkus S, Turgut A, Kalenderer O. Langenskiöld classification for Blount
disease: is it reliable?. Indian J Orthop, 2019, 53: 662–664.
8. Khanfour AA. Does Langenskiold staging have a good prognostic value in late
onset tibia vara?. J Orthop Surg Res, 2012, 7: 23.
9. Eamsobhana P, Kaewpornsawan K, Yusuwan K. Do we need to do
overcorrection in Blount’s disease?. Int Orthop, 2014, 38: 1661–1664.
10. Zayer M. Osteoarthritis following Blount’s disease. Int Orthop, 1980,
4: 63–66.
11. Richards BS, Katz DE, Sims JB. Effectiveness of brace treatment in early
infantile Blount’s disease. J Pediatr Orthop, 1998, 18: 374–380.
12. Bradway JK, Klassen RA, Peterson HA. Blount disease: a review of the
English literature. J Pediatr Orthop, 1987, 7: 472–480.
13. Schoenecker PL, Meade WC, Pierron RL, Sheridan JJ, Capelli AM. Blount’s
disease: a retrospective review and recommendations for treatment. J Pediatr
Orthop, 1985, 5: 181–186.
14. Doyle BS, Volk AG, Smith CF. Infantile Blount disease: long-term follow-up of
surgically treated patients at skeletal maturity. J Pediatr Orthop, 1996, 16: 469–476.
15. Sabharwal S. Blount disease. J Bone Joint Surg Am, 2009, 91: 1758–1776.
16. Montgomery CO, Young KL, Austen M, Jo CH, Blasier RD, Ilyas M. Increased
risk of Blount disease in obese children and adolescents with vitamin D
deficiency. J Pediatr Orthop, 2010, 30: 879–882.
17. Abraham E, Toby D, Welborn MC, Helder CW, Murphy A. New single-stage
double osteotomy for late-presenting infantile tibia vara: a comprehensive
approach. J Pediatr Orthop, 2019, 39: 247–256.
18. Miraj F, Ajiantoro, Karda IW AM. Step cut “V” osteotomy for acute correction
in Blount’s disease treatment: a case series. Int J Surg Case Rep, 2019,
58: 57–62.
19. Karuppal R, Mohan R, Marthya A, Ts G, S S. Case Report: ‘Z’ osteotomy – a
novel technique of treatment in Blount’s disease. F1000Res, 2015, 4: 1250.
20. Burghardt RD, Herzenberg JE, Andre S, Bernius P, Kazim MA. Treatment
failures and complications in patients with Blount disease treated with temporary
hemiepiphysiodesis: a critical systematic literature review. J Pediatr Orthop B,
2018, 27: 522–529.
21. Pandya NK, Clarke SE, McCarthy JJ, Horn BD, Hosalkar HS. Correction of
Blount’s disease by a multi-axial external fixation system. J Child Orthop, 2009,
3: 291–299.
22. Clarke SE, McCarthy JJ, Davidson RS. Treatment of Blount disease: a
comparison between the multiaxial correction system and other external fixators.
J Pediatr Orthop, 2009, 29: 103–109.
23. Cherkashin AM, Samchukov ML, Birch JG, Da Cunha AL. Evaluation of
complications of treatment of severe Blount’s disease by circular external fixation
using a novel classification scheme. J Pediatr Orthop B, 2015, 24: 123–130.

24. Oto M, Yilmaz G, Bowen JR, Thacker M, Kruse R. Adolescent Blount disease
in obese children treated by eight-plate hemiepiphysiodesis. Eklem Hastalik
Cerrahisi, 2012, 23: 20–24.
25. Mycoskie PJ. Complications of osteotomies about the knee in children.
Orthopedics, 1981, 4: 1005–1015.
26. Slawski DP, Schoenecker PL, Rich MM. Peroneal nerve injury as a
complication of pediatric tibial osteotomies: a review of 255 osteotomies.
J Pediatr Orthop, 1994, 14: 166–172.
27. Wu L, Lin J, Jin Z, Cai X, Gao W. Comparison of clinical and radiological
outcomes between opening-wedge and closing-wedge high tibial osteotomy: a
comprehensive meta-analysis. PLoS One, 2017, 12: e0171700.
28. Çullu E, Aydo�gdu S, Alparslan B, Sur H. Tibial slope changes following dome-
type high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc, 2005,
13: 38–43.
29. Dragosloveanu S, Cristea S, Dragosloveanu C. The effect of high tibial
osteotomy on the posterior tibial slope. Maedica, 2014, 9: 173–178.
30. Bauer GC, Insall J, Koshino T. Tibial osteotomy in gonarthrosis (osteo-
arthritis of the knee). J Bone Joint Surg Am, 1969, 51: 1545–1563.
31. Brandon ML, Haynes PT, Bonamo JR, Flynn MI, Barrett GR, Sherman MF. The
association between posterior-inferior Tibial slope and anterior cruciate ligament
insufficiency. Art Ther, 2006, 22: 894–899.
32. Kaewpornsawan K, Tangsataporn S, Jatunarapit R. Early proximal tibial
valgus osteotomy as a very important prognostic factor in Thai children with
infantile tibia vara. J Med Assoc Thai, 2005, 88: S72–S79.
33. Laurencin CT, Ferriter PJ, Millis MB. Oblique proximal tibial osteotomy for the
correction of tibia vara in the young. Clin Orthop Relat Res, 1996, 327: 218–224.
34. Griswold B, Gilbert S, Khoury J. Opening wedge osteotomy for the correction
of adolescent tibia Vara. Iowa Orthop J, 2018, 38: 141–146.
35. Chotigavanichaya C, Salinas G, Green T, Moseley CF, Otsuka NY. Recurrence
of varus deformity after proximal tibial osteotomy in Blount disease: long-term
follow-up. J Pediatr Orthop, 2002, 22: 638–641.
36. Huang Y, Gu J, Zhou Y, Li Y. Osteotomy at the distal third of tibial tuberosity
with LCP L-buttress plate for correction of tibia vara. J Orthop Surg Res, 2014,
9: 9.
37. Edwards TA, Hughes R, Monsell F. The challenges of a comprehensive
surgical approach to Blount’s disease. J Child Orthop, 2017, 11: 479–487.
38. Feldman DS, Madan SS, Ruchelsman DE, Sala DA, Lehman WB. Accuracy of
correction of tibia Vara: acute versus gradual correction. J Pediatr Orthop, 2006,
26: 794–798.
39. Jones JK, Gill L, John M, Goddard M, Hambleton IR. Outcome analysis of
surgery for Blount disease. J Pediatr Orthop, 2009, 29: 730–735.
40. Matsuda S, Miura H, Nagamine R, et al. Posterior tibial slope in the normal
and varus knee. Am J Knee Surg, 1999, 12: 165–168.
41. Chiu KY, Zhang SD, Zhang GH. Posterior slope of tibial plateau in Chinese.
J Arthroplasty, 2000, 15: 224–227.
42. Hosseinzadeh HR, Zandi R, Kazemi SM, et al. Measurment of posterior tibial
slope (a cross– sectional study in Tehran). Iran J Ortho Surg, 2011, 9: 61–64.
43. Karimi E, Norouzian M, Birjandinejad A, Zandi R, Makhmalbaf H.
Measurement of posterior tibial slope using magnetic resonance imaging. Arch
Bone Jt Surg, 2017, 5: 435–439.
44. Nha KW, Kim HJ, Ahn HS, Lee DH. Change in posterior tibial slope after
open-wedge and closed-wedge high tibial osteotomy: a meta-analysis.
Am J Sports Med, 2016, 44: 3006–3013.
45. de Paula MA, Vieira Costa MA, de Araujo Barros Cobra HA. Assessment of
tibial slope angle and patellar height after medial-opening tibial osteotomy. Rev
Bras Ortop, 2015, 47: 441–445.

775
ORTHOPAEDIC SURGERY

VOLUME 12 • NUMBER 3 • JUNE, 2020
TIBIAL OSTEOTOMY AND SAGITTAL ALIGNMENT


	 Do Different Tibial Osteotomy Techniques Affect Sagittal Alignment in Children with Blount Disease?
	Introduction
	Materials and Methods
	General Information
	Measurement
	Femorotibial Angle
	Posterior Tibial Slope

	Statistical Analysis

	Results
	Dome-Shaped Proximal Tibial Osteotomy
	Wedge-Shaped Proximal Tibial Osteotomy

	Discussion
	Surgical Outcomes of Dome versus Wedge-shaped Proximal Tibial Osteotomy
	Effect of Varus Correction on Posterior Tibial Slope Angle
	Limitations
	Conclusion

	Acknowledgements
	References


