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Abstract
Introduction Treatment of malunited periarticular fracture of  the  distal metaepiphysis of  the  radius 
in a complicated setting is challenging and involved orthopaedic care and related specialties of neurologists, 
neurosurgeons and rehabilitation specialists. New methods are offered for repair of  the  distal radius 
fractures but  the  results obtained to date cannot be considered satisfactory, since  the  treatment is aimed 
at the restoration of the anatomical relationships and the hand function.
The objective was to demonstrate the role of prehabilitation preparing patients for elective reconstructive 
surgery, to present a multidisciplinary approach to the treatment of malunited radius fracture complicated 
by posttraumatic compression ischemic multineuropathy.
Material and methods The medical history of a 56-year-old patient with distal radius malunion complicated 
by posttraumatic compression ischemic multineuropathy was reviewed. Outcome criteria included absence 
of complaints and restored function of the hand and the wrist.
Results A positive functional outcome was recorded after prehabilitation and surgery. Early postop, the DASH 
scored 35, palmar flexion measured 64° with dorsiflexion of 61° and dynamometry of 30 kg seen with the left 
involved hand. A faster recovery of the hand function occurred due to regression of neurological disorders.
Discussion Treatment of  the  distal radius malunion in a complicated setting suggests  the  involvement 
of  related specialists including neurologists, neurosurgeons, professionals in functional and diagnostic 
radiology, rehabilitation specialists so that  the approach must be multidisciplinary. A preoperative course 
of  prehabilitation supervised by a neurologist and a rehabilitation specialist is essential for  the  patient 
to  achieve a  higher basic level of functionality. Surgical treatment must be a stage of multi-stage 
multidisciplinary treatment of distal radius malunion in a complicated setting.
Conclusion The clinical case showed an effective multidisciplinary approach in  the  treatment of distal 
radius malunion in a complicated setting. Preoperative preparation (prehabilitation) had a positive effect 
on the postoperative recovery and functional results.
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INTRODUCTION

The upper limb sustains a wide variety of fractures [1–7]. The upper limbs have been in the process 
of evolutionary change developing specific professional skills of a modern human with an effect 
on  working capacity and life support. Since  the  early 19th century,  the  collection of knowledge 
respective to fractures of  the  distal radius has expanded exponentially. This is confirmed 
by the famous statement of Guillaume Dupuytren: “This fracture is so common, the results are so 
poor, that one should not be surprised at such a great interest that I personally and my contemporaries 
show in  relation to  the  fracture of  the  distal radius” [8]. Despite obvious advances in medicine, 
the  treatment of  the  cohort of patients is of relevance. There is an increase in  the  number 
of patients suffering injuries to the distal metaepiphysis of the radius that constitute 11.6 to 36.3 % 
of all fractures of the locomotor apparatus [9–14]. Distal radius fractures account for 18 % in elderly 
patients [15, 16]. Although children and the elderly are at greater risk for the injury, distal radius 
fractures occur in individuals of working age. With the low incidence of the fractures, complications 
can lead to long-term disability in younger healthy people. In a 30-year follow-up study of young 
adults in Sweden with distal radius fractures, the authors found that of the 28 % of study participants 
who had extra-articular fractures (average age of 31 at time of fracture, range 18–40), only 37 % had 
even minor complaints of pain, decreased mobility [16]. The social significance of the problem is due 
to frequent complications (on average about 30 %, as reported by many authors) after inadequate 
surgical treatment and physical rehabilitation and high rates of poor functional results  [17]. 
Most patients recover and regain function, but almost a fifth have residual symptoms including 
pain, neurological symptoms and disability after one year  [18, 19]. Malunion is  the  main cause 
of residual symptoms and occurs in approximately 5 % of fractures [20]. Any malunion that results 
in  discrepancy at  the  distal wrist joint can cause pain on  the  ulnar side of  the  joint and reduce 
rotation of the forearm bones. Patients may suffer from decreased grip strength, decreased hand 
and  forearm function and cosmetic impairment  [19]. Although most patients regain satisfactory 
wrist function, 23–31 % of  distal radius fractures cause permanent limitation of function due 
to  pain, lost range of motion and grip strength  [21, 22]. Although malunion is recognized as 
a relative indication for surgery, corrective surgery may be challenging and fail to restore a “normal” 
wrist even with  careful preoperative planning  [21, 23, 24]. Complications arising after corrective 
osteotomy account for  18.2 %  [25]. Candidates for surgery should be patients with persistent 
pain and dysfunction associated with inconsistency of  the  articular surfaces of  the  distal wrist 
joint [23, 26]. The timing of the operation should be carefully considered. A targeted physical therapy 
program for the wrist stretching and strengthening should be the first-line treatment for functional 
limitations [23]. A complete neurological examination is intended to rule out carpal tunnel syndrome, 
which occurs in 17 % of patients, and signs of complex regional pain syndrome [26]. Consultations 
with specialists of related specialties are essential in the treatment of patients in the cohort if we 
are guided by the principle that surgery should be the last argument: “Ultima ratio”. Prehabilitation 
is a relatively new direction including individual preparation of patients for  the  upcoming 
operation “A major operation, just like a marathon, requires preparation” [27]. To date, protocols 
have been developed for  the prehabilitation of patients who are planning to undergo large joint 
replacement  [28, 29, 30]. In our opinion, a similar practice can be applied to patients with radius 
malunions in a complicated setting. Moreover, these are not urgent operations placing the patient 
at risk by postponing the procedure. Comparative studies of early fixation of distal radius fractures 
and delayed corrective osteotomy showed that the results of corrective osteotomy are not inferior 
to  the  results of early internal fixation [31]. Most authors agree that patients with persistent 
symptoms should be recruited only six months after injury [23]. Some authors [32] report improved 
postoperative scores with a shorter interval between injury and corrective osteotomy. Over the past 
100 years, new techniques have been offered for distal radius fractures and, despite this, the results 
obtained to date cannot be considered satisfactory. Treatment of distal radius fractures remains 
a challenging problem. The purpose of the work was to demonstrate the importance of prehabilitation 
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during the period of preparing patients for planned reconstructive operations, to present the result 
of a multidisciplinary approach in the treatment of a patient with an improperly healed fracture 
of the radius, complicated by post-traumatic compression-ischemic multineuropathy.

The objective was to demonstrate  the  role of prehabilitation preparing patients for elective 
reconstructive surgery, to present a multidisciplinary approach to the treatment of malunited radius 
fracture complicated by posttraumatic compression ischemic multineuropathy.

MATERIAL AND METHODS

The study included a medical history of a patient 
with a distal radius malunion in a complicated 
setting.

A 56-year-old patient R. sustained an injury to her 
left upper limb as a result of a fall on May 25, 2022 
and was diagnosed with a closed comminuted 
intra-articular extension fracture of  the  distal 
metaepiphysis of  the  radius graded as AO 23‑C1, 
Fernandez III (Fig. 1).

A closed reduction of  the  forearm bones was 
performed under local anesthesia after examination. 
The limb was fixed with a  circular plaster cast 
for 4 weeks. With the plaster cast removed, contact 
dermatitis and impaired sensitivity in the left hand 
were revealed. Neuromyography was performed 
and  consultation with a neurologist arranged. 
Polyneuropathy of the left upper limb was detected. 
Conservative treatment, exercise therapy were 

Fig. 1 Preoperative radiograph of the bones 
of the hand and forearm bones of patient R. 
taken in the emergency room

administered by the neurologist. The patient was admitted to the North‑Western Regional Scientific 
and Clinical Center named after. L.G. Sokolov (NWRSCC) after 5  months (October  31, 2022) due 
to weak positive dynamics and dissatisfaction with the results of treatment.

Outcome criteria included positive dynamics in the clinical manifestations, restored hand function.

A multidisciplinary approach was used preoperatively.

RESULTS

Upon admission,  the patient presented with swelling of  the  left hand and lower third of  the  left 
forearm; limited movements in the interphalangeal joints of the hand with flexion of 45°, extension 
of 0° and in the wrist joint with flexion of 35° and extension od 60°. The patient experienced numbness 
on the lateral surface of the lower third of the left forearm, in the V, IV, III fingers of the  left hand; 
a feeling of tension spreading on the lateral surface of the left shoulder and the forearm. The patient 
was diagnosed with malunited intra-articular comminuted fracture of  the  left radius graded AO 
23‑C1, Fernandez III; 5 mm radius shortening; dorsal angular displacement 30° (Fig. 2), osteoporosis 
and polyneuropathy of the left upper limb. Concomitant diseases indluded stage 3 hypertension, 
type 2 diabetes; contact dermatitis; grade 1 obesity.

The disability of  the  upper limb measured with  the  DASH questionnaire scored 68, VAS pain 
syndrome scored 6, hand grip strength was 37 kg on the right side and 22 kg on the left. Thickening 
of the lig. collaterale carpi ulnare and ultrasound signs of edema with a possible indirect external 
effect on the trunk of the left ulnar nerve were detected with ultrasound dopplerography.
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Fig. 2 Radiographs of the wrist joint of patient R. produced on admission to the hospital

ENMG of  01.11.22 showed moderate neuropathy of  the  median nerve at  the  level of  the  carpal 
tunnel on  the  left with moderate dysfunction of sensory fibers and mild dysfunction of motor 
fibers. The injury indicated mixed, mild axonal-demyelinating lesion of the superficial radial nerve 
on the left, moderate axonal lesion of the distal sensory fibers of the nerves of the upper extremities 
of the PSP type. There were no signs of damage to the ulnar nerve or motor fibers of the radial nerve.

The patient was examined by a neurologist and diagnosed with post-traumatic compression‑ischemic 
multineuropathy of the median and superficial radial nerves on the left with mild motor and sensory 
impairment; axonal distal sensory polyneuropathy of  the  upper extremities. Recommended: 
intravenous infusion of saline solution with thiogamma, trental No. 10; intramuscular injections 
of milgamma and neuromidin No. 10; tablet drug Tebantin 300 mg Day 1, 1 tablet at night, increasing 
to 1 tablet 3 times a day if needed.

A decision on surgical treatment with corrective osteotomy and bone grafting was associated with 
such factors as regional osteopenia of  the  distal radius diagnosed by radiography,  the  absence 
of severe pain and the presence of contact dermatitis at the site of surgery. Conservative treatment 
included infusion therapy to improve microcirculation and reduce edema, vitamin therapy, a course 
of physical therapy and exercise therapy. The patient was discharged from the hospital at two weeks 
to continue treatment as an outpatient.

A prehabilitation course with  the  participation 
of neurologists, rehabilitation specialists and physical 
therapists was recommended. Medication prescribed 
included 100 mcg of  calcitonin per day, 1000  mg 
of elemental calcium in the form of calcium carbonate 
and 400 IU (10 mcg) of vitamin D3 for  12  weeks; 
physiotherapy, classes with a rehabilitation specialist 
to achieve a satisfactory range of motion in  the wrist 
joint, bone strength and improve radiological signs 
of regional osteopenia. The patient was re-hospitalized 
6 months later to undergo corrective osteotomy. Physical 
examination showed improved condition of  the  soft 
tissues, no swelling, no symptoms of contact dermatitis. 
Numbness in the 5th and 4th fingers of the left hand and 
deformity at  the  level of  the  left wrist joint persisted. 
Regional osteopenia of  the  distal radius, diagnosed 
radiographically at 6 months, decreased (Fig. 3). Fig. 3 Radiographs of  the  wrist joint 

of patient R. showing no signs of osteopenia
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Surgical treatment performed on June 16, 2023 included 
corrective osteotomy and bone grafting of  the  radius. 
A pre‑curved plate with polyaxial screws was used to address 
angulation. The plate was first attached to  the  distal 
fragment and  the  stem of  the  plate was used as a joystick 
to translate and reduce the bone length allowing for a gentle 
and  gradual realignment by stretching  the  soft tissue. 
Using the plate attached to the distal fragment as a joystick 
could be complicated by cutting through  the  screws 
or  by  a  broken distal fragment, but  the  adverse event was 
prevented by a preoperative treatment of regional osteopenia 
of the distal radius (Fig. 4).

The wound healed by primary intention early post op 
with  the  radius realigned and reduced. The cosmetic defect 
was repaired (Fig. 5). Neurological disorders resolved shortly 
after surgery, movements in  the fingers were within normal 
limits (Fig. 6).

Fig. 5 Clinical outcome of surgery at one week

Fig. 4 Postoperative radiographs 
of  the  hand and  the  forearm 
bones of patient R. showing 
fixation of the radius fracture

Fig. 6 Clinical outcome of surgery at 4 weeks
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DISCUSSION

Distal radius fractures, like most periarticular and intraarticular fractures, are difficult to treat 
that require an individual approach in each case [9, 10]. With such fractures, it is necessary 
to take into  account  the  degree of The extent of bone displacement, their number, relationship 
to  the  articular surface and timing are essential [6]. Distal radius fractures can be treated 
conservatively or surgically [7]. The surgical treatment has become more common [5, 13]. Patients 
who are surgically treated in  the   irst hours after injury prior to swelling have more favorable 
conditions for wound healing, a shorter rehabilitation period and recovery timing. A fracture pattern 
and  the  surgical strategy play a role in  the  scenario [2]. Comminuted intra-articular fractures 
with displaced bone at  the site of  the wrist joint are technically difficult for adequate reduction 
and stable fixation. External fixation devices can be used in such cases relying on ligamentotaxis [33]. 
A satisfactory reduction of intra-articular bone fragments can be associated with failure in fracture 
healing due to excessive distraction between  the  distal and proximal fragments of  the  radius. 
The risk of post‑immobilization osteoporosis can cause difficulties with bone grafting of the radius 
nonunion in elderly patients and conservative treatment can be an option for the reasons with use 
adaptive capabilities of the body [6, 15]. The large group of patients with distal radius malunions 
can suffer accompanying conditions including neurodystrophic, tunnel syndromes, neurological 
disorders  [10, 26]. The  outcomes of  the patients are often poor. The existing opportunities 
for the rehabilitation of such cases have not been realized. There is no continuity in observation 
and further treatment of the patients. This can lead to contractures and stiffness in the hand joints 
and persistent neurological disorders. New, more effective approaches to the treatment of patients 
with malunited intra-articular fractures of the distal radius with a complicated course are essential 
to reduce the rate of poor outcomes. Corrective osteotomy and bone grafting are used for the majority 
of patients. The overall incidence of complications after corrective osteotomy of the radius varies 
from 27 to 57 % even after surgical treatment [23]. Nonunions occur in 10.5 % of cases [34], delayed 
consolidation in 5.6 % of cases [35]. A high incidence of neuropathy and carpal tunnel syndrome 
are reported in patients with volar plate fixation [36]. Assessment of the functional and radiological 
outcomes after corrective osteotomy shows 18.2 % complications at five years [25].

At 5 months of  the  injury,  the  patient reported was diagnosed with post-traumatic 
compression‑ischemic multineuropathy of  the  median and superficial radial nerve on  the  left 
with  mild motor and  sensory impairments, persisting post-immobilization osteoporosis 
of  the  distal radius, and other associated complications in  the  form of contact dermatitis 
at  the  site of  the  proposed surgical intervention. Surgical treatment in  the  condition was 
considered inappropriate. The  management included prehabilitation, intensive neurological 
treatment, vascular infusion therapy, improvement of microcirculation of soft tissues and active 
exercising with rehabilitation specialists and  physical trainers. The patient was re-admitted 
to  the  hospital with  positive dynamics at  6  months of  conservative treatment. Physical 
examination showed improved soft tissues, no  swelling, no  symptoms of contact dermatitis. 
Movements in the interphalangeal joints were within normal limits. Numbness persisted in the 5th 
and 4th fingers of the left hand. The signs of osteoporosis were radiologically reduced. Therefore, 
the physical condition facilitated a surgical option. A positive functional result was achieved within 
a relatively short period of time after prehabilitation and surgery. Early post op, the DASH scored 
35, palmar flexion was 64°, dorsiflexion was 61°, hand grip strength on the left side was 30 kg. 
There was a faster recovery of hand function as a result of regression of neurological disorders., 
we have not found a description and evaluation of a multidisciplinary approach in the literature 
reporting patients with malunited fractures of the distal radius with a complicated course.
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