
Introduction
Proximal tibial stress or insufficiency fractures are uncommon 
but important complications of advanced knee arthritis, 
especially in elderly patients with severe varus deformity and 

compromised bone quality. An insufficiency fracture occurs 
when physiological loading exceeds the mechanical capacity of 
weakened bone. In an arthritic varus knee, the medially displaced 
mechanical axis concentrates repetitive load across the proximal 
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Introduction: Proximal tibial stress and insufficiency fractures occurring with advanced knee arthritis create a combined problem of articular 
degeneration, deformity, poor bone quality, and fracture instability. This study evaluated clinical and radiographic outcomes of single-stage total 
knee arthroplasty (TKA) using a long tibial stem to bypass and internally stabilize the fracture while correcting limb alignment.
Materials and Methods: This prospective clinical study included 18 consecutive patients treated between January 2021 and January 2024 at a 
tertiary orthopedic referral center. Six fractures were acute, and 12 were chronic or established non-unions; three patients had intra-articular 
proximal tibial involvement. All patients underwent posterior-stabilized TKA with a 100–150 mm tibial stem extending at least two cortical 
diameters beyond the fracture. Mechanical alignment, fluoroscopic control, manual sequential reaming, and proximal hybrid cementation were 
used. Medial plateau defects were augmented with screws or wedges when required. Knee Society Score (KSS), Knee Society Function Score, 
range of motion (ROM), coronal deformity, fracture union, and implant-related complications were evaluated over a minimum 24-month 
follow-up.
Results: Mean follow-up was 24.44 ± 7.10 months. KSS improved from 15.44 ± 10.26 to 90.72 ± 2.85, and Function Score from 8.06 ± 5.72 to 
85.00 ± 5.42. Mean ROM improved from 103.89° ± 20.04° to 122.78° ± 8.95°, while mean varus deformity decreased from 24.72° ± 5.87° to 5.94° 
± 0.94°; all comparisons were significant at P < 0.001. Fracture union was achieved in all 18 patients, including all 12 chronic cases. No implant 
loosening, stress shielding, or periprosthetic fracture was observed.
Conclusion: In this small, uncontrolled prospective cohort, single-stage long-stem TKA was associated with fracture union, deformity 
correction, and functional improvement in advanced arthritic knees complicated by proximal tibial stress fractures. Because fracture bypass 
fixation, alignment correction, and bone-health optimization were delivered concurrently, the independent contribution of the long-stem 
component cannot be isolated. Larger multicenter comparative studies with longer follow-up are required to confirm these findings.
Keywords: Total knee arthroplasty, tibial insufficiency fracture, stress fracture, long tibial stem, varus deformity, fracture union.

Abstract

Learning Point of the Article:
A long tibial stem can simultaneously correct arthritic deformity and internally bypass a proximal tibial stress fracture, permitting stable 

single-stage reconstruction without routine fracture-site exposure.
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tibia, while reduced mobility and systemic osteopenia may 
further diminish bone strength [1,2]. The result is a combined 
“arthritis-fracture complex” in which pain, deformity, and 
fracture instability reinforce one another.
The problem is particularly difficult when the fracture is 
chronic, mobile, malunited, or associated with medial tibial 
plateau collapse. Isolated fracture fixation leaves the arthritic 
joint and its abnormal loading environment untreated, whereas 
conventional primary knee arthroplasty does not provide 
sufficient distal fixation to control an unstable stress fracture. 
Staged fixation followed by later arthroplasty can prolong 
disability and expose patients to repeated hospitalization and 
surgery. Published series and systematic reviews increasingly 
support single-stage total knee arthroplasty (TKA) with a 
stemmed tibial component that bypasses the fracture and 
simultaneously restores alignment [3,4].
The long tibial stem functions as an internal splint. By obtaining 
diaphyseal support beyond the fracture, it limits bending and 
shear while the arthroplasty corrects the varus deformity that 
produced the adverse mechanical environment. However, 
technical errors in stem trajectory, excessive cement in the 
fracture gap, poor management of medial plateau deficiency, or 
cortical impingement may compromise this strategy. The 
present prospective study evaluated the clinical and 
radiographic outcomes of single-stage long-stem TKA in 
patients with advanced knee arthritis and concomitant 
proximal tibial stress or insufficiency fractures. The principal 
objectives were to assess improvement in Knee Society scores 
(KSS), range of motion (ROM), coronal alignment, fracture 
union, and implant-related complications, and to describe 
practical technical measures that facilitate stable bypass 
fixation.

Materials and Methods

Study design and participants
This prospective clinical study was conducted at a high-volume 
tertiary orthopedic referral center between January 2021 and 
January 2024. Eighteen consecutive patients with advanced 
symptomatic knee arthritis and a concomitant proximal tibial 
stress or insufficiency fracture were included. Thirteen patients 
had osteoarthritis, and five had rheumatoid arthritis. Six 
fractures were acute, presenting within 4 weeks of symptom 
onset, whereas 12 were chronic, delayed presentations or 
established non-unions. Three patients had intra-articular 
proximal tibial fracture extension with medial plateau 
compromise.
Patients were eligible when they had symptomatic advanced 
knee arthritis requiring arthroplasty, radiographic evidence of a 
proximal tibial stress or insufficiency fracture, and the potential 
for at least 24 months of follow-up. Patients with active 
infection, a history suggesting ongoing systemic infection, or 
fracture secondary to primary or metastatic malignancy were 
excluded.

Institutional ethics committee approval and consent
This study was approved by the RHL Ethics Committee, 
Rajasthan Hospital, Jaipur (Ethics Approval No.: RHL EC/P 
08/2021) on January 07, 2021. All participants provided 
written informed consent before enrolment in the study. This 
research was conducted ethically in accordance with the World 
Medical Association Declaration of Helsinki.

Preoperative assessment
Clinical assessment included pain and function, KSS, Knee 
Society Function Score, and knee ROM measured with a 

goniometer. Standard weight-
bearing anteroposterior and 
lateral radiographs and full-
length lower-limb radiographs 
were obtained to characterize 
arthritis severity, fracture level, 
deformity, and mechanical 
a x i s .  A s s i s t e d - s t a n d i n g 
radiographs were used when 
independent weight bearing 
was not possible.
Because insufficiency fractures 
may reflect impaired skeletal 
h e a l t h ,  s e r u m  c a l c i u m , 
p h o s p h o r u s ,  a l k a l i n e 
phosphatase,  parathy roid 
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Figure 1: Long-stem tibial bypass of proximal stress fracture. Preoperative anteroposterior and lateral radiographs 
demonstrate advanced knee arthritis with a proximal tibial stress fracture. Post-operative radiographs show the tibial 
baseplate with a long intramedullary stem extending beyond the fracture site to provide internal bypass fixation.
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hormone, and Vitamin D were assessed. Dual-energy X-ray 
absorptiometry was performed in all patients. Seventeen 
patients were osteoporotic, and one was osteopenic. Vitamin D 
deficiency was corrected when present, and patients with 
osteoporosis received post-operative teriparatide as part of the 
treating team’s bone-health protocol.

Operative technique
All procedures were performed using a standard midline 
approach and medial parapatellar arthrotomy. A posterior-
stabilized TKA design was used. The defining feature of the 
procedure was a long intramedullary tibial stem, generally 
100–150 mm in length, selected to extend at least two cortical 
diameters beyond the fracture site (Fig. 1). This allowed the 
stem to act as an internal splint without routinely opening the 
fracture site or stripping the periosteum.
Mechanical alignment principles were 
followed. In severe varus deformity with 
medial plateau attenuation, the tibial canal 
entry point was intentionally lateralized 
relative to the residual plateau so that the 
reamer and definitive stem remained centered 
in the longitudinal diaphyseal canal (Fig. 2). 
Fluoroscopy was used during guide-wire 
passage, reduction, and sequential reaming. 
Hand reaming was preferred to improve tactile 
feedback in osteoporotic bone and reduce the 
risk of cortical breach.
Fractures near the tibial tuberosity were 
vulnerable to proximal fragment recurvatum 
when the tibia was delivered anteriorly. A 
heavy-gauge Kirschner wire or reduction 

clamp was used when necessary to maintain a 
neutral sagittal profile during reaming (Fig. 3). 
Trial components were inserted to confirm 
fracture stability, coronal and sagittal alignment, 
and balanced flexion and extension gaps.
A hybrid cementation strategy was used. Bone 
cement was applied to the tibial baseplate and 
proximal metaphyseal portion of the stem, while 
the distal stem was allowed to obtain a snug 
diaphyseal fit. Cement was deliberately kept away 
from the fracture gap to preserve secondary bone 
healing. In the three intra-articular fractures with 
medial plateau deficiency, cancellous screws or 
metallic augmentation were used to create 
structural support beneath the tibial baseplate 
(Fig. 4).

Post-operative management and outcomes
Range-of-motion exercises began on the 1st post-operative day. 
Seventeen patients were allowed immediate full weight bearing 
with walking support because satisfactory stem fixation and 
fracture stability had been achieved. In one patient with 
proximal tibial comminution, weight bearing was delayed for 1 
month. Follow-up assessments were scheduled at 2 weeks, 6 
weeks, 3 months, 6 months, 1 year, and thereafter as clinically 
indicated.
Primary clinical outcomes were KSS, Knee Society Function 
Score, and ROM. Radiographic outcomes included correction 
of varus deformity, fracture union, alignment, and evidence of 
stress shielding, implant loosening, or periprosthetic fracture. 
Fracture union was defined by bridging callus on at least three of 
four cortices. Continuous pre- and post-operative variables 

Jain JK, et al

Journal of Orthopaedic Case Reports Volume 16 Issue 11  November 2026 Page 338-344 |  |  |  | 

Figure 2: Lateralized tibial canal entry in severe varus deformity. Intraoperative photographs 
show preparation of the proximal tibia in the setting of asymmetric medial plateau attenuation. 
Lateralization of the canal entry point allows the intramedullary reamer and definitive tibial stem 
to remain aligned with the longitudinal diaphyseal canal.

Figure3: Fracture pattern vulnerable to proximal tibial recurvatum. Representative pre- and post-
operative radiographs of a proximal tibial fracture near the tuberosity. During tibial delivery and 
reaming, the proximal fragment may displace into recurvatum; temporary stabilization with a heavy-
gauge Kirschner wire or reduction clamp can help maintain a neutral sagittal profile.
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Figure 4: Structural augmentation for intra-articular proximal tibial fracture. Preoperative 
anteroposterior and lateral radiographs show advanced arthritis with intra-articular proximal tibial 
involvement and medial plateau compromise. Post-operative radiographs demonstrate total knee 
arthroplasty with a long tibial stem and additional structural support beneath the tibial baseplate.

Figure 5: Varus overload and correction with long-stem arthroplasty. Preoperative radiograph 
demonstrates severe varus arthritic deformity with a proximal tibial stress fracture indicated by the 
arrow. Post-operative anteroposterior and lateral radiographs show restoration of alignment with a 
long-stem tibial component bypassing the fracture.

were compared using paired t-tests, with statistical significance 
defined as P < 0.05.

Results
Eighteen patients completed the required follow-up. Mean age 
was 61.89 ± 6.31 years and mean follow-up was 24.44 ± 7.10 
months. Thirteen patients (72.2%) had osteoarthritis and five 
(27.8%) had rheumatoid arthritis. Six fractures (33.3%) were 
acute, and 12 (66.7%) were chronic or established non-unions. 
Three patients (16.7%) had intra-articular proximal tibial 
involvement. Seventeen patients were osteoporotic, and one 
was osteopenic; the mean pre-operative Vitamin D level was 
20.2 ng/mL (Table 1).
Clinical and radiographic outcomes improved significantly 
after surgery. Mean knee ROM increased from 103.89° ± 20.04° 
pre-operatively to 122.78° ± 8.95° at final 
follow-up (P < 0.001). Mean varus deformity 
improved from 24.72° ± 5.87° to 5.94° ± 0.94° 
(P < 0.001). Mean KSS improved from 15.44 
± 10.26 to 90.72 ± 2.85, while mean Knee 
Society Function Score increased from 8.06 
± 5.72 to 85.00 ± 5.42; both differences were 
significant at P < 0.001 (Table 2).
All fractures united during follow-up, 
including all 12 chronic fractures. Both acute 
and chronic fracture groups demonstrated 
improvement in alignment and functional 
scores. However, subgroup comparisons 
should be interpreted as exploratory because 
of  the smal l  numbers (acute,  n = 6; 
chronic/non-union, n = 12; osteoarthritis, n 

= 13; rheumatoid arthritis, n = 5). Only 
three patients had intra-articular proximal 
tibial involvement; therefore, no reliable 
subgroup conclusion regarding intra-
articular fractures can be drawn from this 
cohort.
No implant loosening, radiographic stress 
shielding, or periprosthetic fracture was 
recorded. The radiographic pattern shown 
in Fig. 5 illustrates the severe pre-operative 
varus overload and subsequent restoration 
of a more neutral mechanical environment 
after long-stem arthroplasty.

Discussion
The principal finding of this study is that a 
single-stage long-stem TKA can address the 

two dominant components of the arthritis-fracture complex at 
the same operation: Joint degeneration with malalignment and 
mechanical instability of the proximal tibial fracture. All 18 
fractures united, including 12 chronic lesions, while KSS, ROM, 
and coronal alignment improved substantially. These findings 
are consistent with previous series in which long tibial stems 
provided reliable union and functional recovery in arthritic 
knees complicated by proximal tibial stress fractures [1,5,6,7].
The pathomechanics of this condition explain why correction 
of alignment is central to treatment. In a severe varus knee, the 
mechanical axis shifts medially and increases the bending 
moment across the proximal tibia. Repetitive overload may 
progress from cortical stress reaction to complete insufficiency 
fracture, particularly when bone mineral density is reduced. 
Once a fracture develops, continued varus loading can maintain 
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motion at the fracture site and contribute to delayed union, non-
union, or progressive deformity [2,8,9]. The long stem changes 
this environment by transferring load into the diaphysis while 
the arthroplasty corrects the deformity.
Systematic reviews have found long-stem TKA to be the most 
frequently reported single-stage strategy for advanced knee 
arthritis with proximal tibial stress fractures, with generally 
favorable union and functional outcomes [3,4]. Reddy et al. and 
Pai et al. similarly reported meaningful improvement in KSS 
and union after long-stem arthroplasty [5,6]. Jabalameli et al. 
reported fracture resolution and improved alignment in an 
elderly cohort treated with stemmed components [7]. The 
present series extends this experience by including a high 
proportion of chronic fractures and by emphasizing 
preservation of fracture biology through closed bypass 
stabilization.
Several technical details appear important. First, stem length 
must provide adequate distal purchase beyond the fracture. 
Second, the entry point should follow the true diaphyseal canal 
rather than the apparent center of an eroded medial plateau. 
Failure to respect the canal trajectory may result in cortical 
impingement, end-of-stem pain, or a new stress riser. Long-
stem constructs have been studied in other arthroplasty settings 
and can perform well when alignment and fixation are 
appropriate [10]. Third, cement should not be allowed to 
interpose at the fracture site. Proximal cementation with distal 

diaphyseal fit preserves the fracture hematoma and periosteal 
blood supply while providing immediate implant stability.
Intra-articular fracture extension requires additional 
consideration because the tibial baseplate may lack a stable 
medial foundation. In this series, three such cases were 
supported with cancellous screws or metallic augmentation 
beneath the baseplate in addition to the long stem. 
Contemporary reviews support selective augmentative 
procedures when fracture morphology or bone loss prevents 
stable arthroplasty fixation [3,4]. Alternative biomechanical 
adjuncts, including proximal fibular resection, have also been 
investigated [11], while recent medium-term clinical 
experience continues to support long-stem arthroplasty as a 
practical single-stage strategy [12]. A recent narrative review 
likewise emphasizes fracture morphology, limb alignment, and 
bone quality in individualized treatment planning [13].
Bone health is another relevant component. Seventeen patients 
were osteoporotic, and one was osteopenic. This supports the 
concept that proximal tibial insufficiency fractures result from 
the interaction of abnormal mechanics and deficient bone 
strength. Screening for Vitamin D deficiency and reduced bone 
mineral density therefore has practical value. All 17 
osteoporotic patients received post-operative teriparatide as 
part of the bone-health protocol. Because there was no 
untreated group or alternative bone-health treatment group, the 
independent contribution of teriparatide to fracture union 
cannot be determined. Accordingly, the observed union should 
be interpreted as the result of a combined treatment strategy 
that included fracture bypass stabilization, correction of 
mechanical alignment, preservation of local fracture biology, 
rehabilitation, and optimization of skeletal health rather than as 
an effect of any single component.
A staged approach may still be required in infection, severe soft-
tissue compromise, or fracture patterns that cannot be 
controlled by an intramedullary stem. Nevertheless, repeated 
procedures carry additional morbidity and may prolong the 

Characteristic Value (%)

Number of patients 18

Age, years 61.89±6.31

Follow-up, months 24.44±7.10

Osteoarthritis 13 (72.2)

Rheumatoid arthritis 5 (27.8)

Acute fractures 6 (33.3)

Chronic fracture/non-union 12 (66.7)

Intra-articular proximal tibial 

involvement
3 (16.7)

Osteoporosis 17 (94.4)

Osteopenia 1 (5.6%)

Mean preoperative Vitamin D, 

ng/mL
20.2

Table 1: Baseline clinical and fracture 

characteristics of the study cohort

Outcome
Pre-

operative

Final follow-

up
P -value

Range of motion, 

degrees
103.89±20.04 122.78±8.95 <0.001

Varus deformity, 

degrees
24.72±5.87 5.94±0.94 <0.001

Knee Society Score 15.44±10.26 90.72±2.85 <0.001

Knee Society 

Function Score
8.06±5.72 85.00±5.42 <0.001

Table 2: Pre- and post-operative clinical and radiographic 

outcomes
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period in which the limb remains malaligned. Reports from 
developing-country settings have also emphasized delayed 
presentation and chronic deformity as important contributors 
to treatment complexity [8]. In appropriately selected patients, 
a definitive single-stage procedure may therefore reduce 
treatment burden while allowing early mobilization.
This study has several limitations. The sample size was limited 
to 18 patients, which reduces statistical power, widens 
uncertainty around effect estimates, and limits the ability to 
detect clinically meaningful differences. The study was 
conducted at a single tertiary referral center, which limits 
generalizability to other institutions and patient populations. In 
addition, no control group undergoing conventional fracture 
fixation, staged treatment, or another arthroplasty strategy was 
included; therefore, comparative eff icacy cannot be 
established. Selection bias is also possible because the cohort 
comprised patients considered appropriate for single-stage 
long-stem TKA at a specialist referral center, even though 
eligible patients were enrolled consecutively.
The cohort was clinically heterogeneous, including both 
osteoarthritis and rheumatoid arthritis, as well as acute fractures 
and chronic/non-union fractures. Only three patients had intra-
articular fracture extension. These small and uneven subgroup 
sizes preclude adequately powered comparisons according to 
arthritis ty pe, fracture chronicity, or intra-articular 
involvement. Any subgroup observations in this study should 
therefore be regarded as descriptive and hypothesis-generating 
rather than confirmatory.
The mean follow-up of 24.44 months was adequate to 
document early fracture healing and short- to mid-term 
functional outcomes but is insufficient to determine long-term 
implant survivorship, late loosening, stress shielding, or 
periprosthetic fracture risk. Although fracture union was 
assessed radiographically, time to union was not systematically 
analyzed as a separate standardized endpoint. Patient-reported 

outcome measures beyond the KSS were not collected, and no 
formal cost-effectiveness analysis was performed. Finally, 
because most patients received teriparatide and all patients 
underwent simultaneous alignment correction, fracture bypass 
fixation, and bone-health optimization, the 100% union rate 
cannot be attributed specifically to the long-stem technique. 
Larger multicenter controlled studies with standardized union-
time assessment, broader patient-reported outcomes, 
economic evaluation, and longer follow-up are needed.

Conclusion
In this small prospective single-center cohort, single-stage TKA 
with a long tibial stem was associated with fracture union, 
functional improvement, and correction of varus deformity in 
patients with advanced knee arthritis complicated by proximal 
tibial stress or insufficiency fractures. The technique offers a 
practical means of treating the arthritic joint and bypassing the 
fracture without routine fracture-site exposure. However, the 
absence of a control group, heterogeneous case mix, concurrent 
bone-health treatment, and limited follow-up prevent 
attribution of the observed outcomes to the long-stem 
component alone. These findings should be considered 
preliminar y and hy pothesis-generating , and require 
confirmation in larger multicenter comparative studies with 
longer follow-up.

Clinical Message

In an arthritic varus knee with a proximal tibial stress fracture, a 
correctly aligned long tibial stem can act as an internal splint while 
TKA corrects the deforming mechanical axis. Preserving fracture 
biology, avoiding cement interposition, and optimizing bone health 
can support union even in chronic presentations.
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